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PREFACE. 


No  apology  seems  needed  for  presenting  to  American  readers  the 
translation  of  a  book  so  well  and  so  fa^vorably  known  as  Prof.  Fuchs's 
Lehrbuch  der  Augenheilkunde.  The  care  and  judicious  spirit  govern- 
ing the  selection  and  presentation  of  facts,  the  thoroughness  and  fresh- 
ness of  the  information,  and  the  scientific  accuracy  which  characterize 
the  original,  have  won  for  it  the  first  place  among  ophthalmological 
text-books.  To  these  essential  properties  there  is  superadded  one 
scarcely  less  important  in  a  book  of  this  character,  namely,  a  clear, 
concise,  and  pleasing  stylo.  In  the  endeavor  to  make  bis  version 
worthy  of  the  original  in  this  important  regard,  the  translator  has 
taken  considerable  liberties  with  the  German  text,  and  has  not  hesi- 
tated to  alter  grammatical  relations,  substitute  and  interpolate  words, 
and  in  other  ways  depart  from  the  strict  letter  of  his  model  whenever 
it  has  seemed  to  him  that  clearness  and  the  necessities  of  the  English 
idiom  required  the  change.  Upon  this  point  he  is  glad  to  say  that  he 
has  the  entire  approval  of  Dr.  Fuchs,  who  has  not  only  given  his  au- 
thorization to  the  work  of  translation,  but  has  been  good  enough  to 
look  over  and  indulgent  enough  to  commend  that  portion  of  the  book 
submitted  to  his  inspection. 

In  consonance  with  his  views  of  a  translator's  duties,  the  author  of 
the  present  version  has  made  only  such  additions  as  seemed  necessary 
to  adapt  the  book  to  American  readers.  These  additions  are  every- 
where distinguished  by  being  inclosed  in  brackets,  and,  in  the  case  of 
foot-notes,  by  having  the  letter  I)  appended  to  them.  The  translator 
alone  is  responsible  for  such  insertions ;  at  the  same  time,  it  is  but  fair 
to  state  that  a  number  of  them  have  been  submitted  to  Dr.  Fuchs  and 
have  received  his  approval. 

The  appendix  containing  the  cuts  of  instruments  is  also  matter 
inserted  by  the  translator.    These  cuts  (and  also  the  two  on  pages  056 
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and  657)  have  been  kindly  furnished  by  Tiemann  &  Co.,  and  by  E. 
B.  Meyrowitz,  the  well-known  instrument-makers  of  this  city,  to 
whom  the  translator  desires  here  to  make  suitable  acknowledgments 
for  the  courtesy  extended. 

It  is  the  hope  of  the  translator  that  he  has  succeeded  in  faithfully 
reproducing  a  work  the  many  excellences  of  which  should  command 
for  it  a  wide  circulation  in  this  country,  as  they  have  already  done  in 
Europe. 

A.  DuANB,  M.  D. 

25  East  Thibtt-first  Street,  New  Yobk,  July  6, 1892. 
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PART   I. 

examinatio:n^  of  the  eye. 


CHAPTER  I. 
OBJECrrVK  EXAMINATION  OF  THE  EYES, 

1.  The  examination  of  a  patient's  eyes  is  l>egun  after  establisliing 
le  history  of  the  case.  lu  making  this  examination  too  much  stress 
can  not  he  laid  iJi>uii  the  necessity  of  proceeding  systematically,  since 
otherwise  important  matters  can  very  readily  be  overlooked.  We  first 
examine  the  patient  with  regard  to  his  general  physical  condition  aa 
well  aa  with  regard  to  the  expression  of  his  countenance,  and  then,  in 
observing  the  eyes  themselves,  proceed  gradually  from  the  superficial 
parts — lids,  conjunctiva,  and  cornea — to  the  deeper  jiortions. 

In  respect  to  the  /ü/w,  there  are  to  be  considered  their  position  and 
mobility,  the  breadth  of  the  fissure  between  them,  and  their  power  of 
clasing.  The  character  of  the  skin  lining  the  lids  is  examined,  and 
especially  at  their  margins,  where  pathological  changes  are  most  often 
found.  Apart  from  the  symptoms  of  inflammation,  which  are  local- 
ixed  with  especial  frerjuency  at  the  borders  of  the  lids,  the  things 
that  we  must  look  for  are  whether  the  palpebral  edge«  liave  not  j)08- 
ably  lost  their  sharply  defined  form  and  outline,  whether  the  rilia  are 
correctly  placed,  and  also  whether  the  juincta  dip  pro^wrly  into  the 
lacua  lacrymalis.  At  the  same  time,  we  must  not  neglect  to  investi- 
gate the  region  of  the  tear-sac.  Sliould  8imj)le  inspection  disclose  no 
alteration,  it  is  yet  often  possible,  by  pressure  with  the  fingers  in  this 
region,  to  make  the  contents  of  the  diseased  sac  exude  through  the 
puncta. 

The  examination  of  the  eyeball  itself  is  often  rendered  very  diffi- 
cult by  strong  spasm  of  the  lids — blepharospasm.  This  is  especially 
the  case  in  children  who,  the  more  the  physician  attempts  to  draw  the 
lids  apart,  squeeze  them  the  more  tightly  togetlier.  In  those  cases  the 
forcible  scpanition  of  the  lids  calls  for  the  greatest  caution,  since,  if 
this  is  not  obbserved,  and  a  deeply  penetrating  ulcer  is  present,  it  is  easy 
to  caase  a  sudden  perforation  of  the  cornea,  nay,  even  the  extrusion  of 
the  lens  from  the  eye.  By  dropping  a  solution  of  cocaine  between  the 
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slightly  parU'd  lids  we  try  to  diminish  their  Benaitivenees ;  and  for  the 
separation  of  ihii  lids  we  can,  with  advantage,  use  !  )i\sinarrti's  elevator, 
with  which  we  aliuH  less  readily  infliet  uu  injury  than  we  should  do  if, 
in  using  the  Angers,  we  exerted  too  great  a  pressure  upon  the  eyeball. 
Finally,  in  many  cases  it  is  only  by  means  of  narcosis  that  we  can  ob- 
tain a  sufficiently  satisfiictory  view  of  the  eyes.  In  spite  of  all  these 
difficulties  we  should  not  be  deterred  from  insisting  upon  an  exact 
cxaniinution  of  the  eyes  at  the  patient's  first  vi.sit,  in  order  to  establish 
the  diagnosis  iind  prognosis  and  to  deterniine  the  treatment. 

In  regard  to  the  eyeball  itself,  we  must  first  satisfy  ourselves  whether 
its  situation  in  the  orbit,  its  jjusition  in  respect  to  tlie  other  eye,  its 
size,  ami  its  mobility  are  normal  or  not. 

The  cuuJKurfiva  of  the  lids  can  be  brought  into  view  by  everting 
the  latter.  With  tlie  lower  lid,  it  is  sutiicieut  for  this  purpose  to  simply 
dmw  it  down,  wiiile  the  patient  is  tuld  at  tlie  same  time  to  look  up. 
With  the  upper  lid,  eversion  requires  a  certain  degree  of  skill,  which 
must  be  obtained  by  practice.  It  is  the  more  important  to  acrpiire  this 
facility,  since  it  is  just  the  conjunctivd  of  the  upper  lid  that  generally 
affords  tlie  hest  evidence  for  the  diagnosis  of  conjunctival  diseases: 
the  thickening  of  the  conjunctiva,  the  uneven  surface,  the  formation 
of  cicatrices,  which  are  chanicteristic  of  tracliomii,  are  here  most  easily 
to  be  perceived.  Further,  the  eversion  of  the  upi>er  lid  is  very  fre- 
quently necessary  for  the  removal  of  foreign  bodies. 

In  the  examimition  of  the  cornea^  besides  a  careful  inspection  (with- 
out an<l  eventually  with  the  aid  of  a  loupe),  there  are  two  urtitice& 
which  are  particularly  in  use — examination  of  the  corneal  refle.x  and 
lateral  illumination.  To  examine  the  corneal  reflex  signifies  nothing 
more  than  to  direct  the  eye  in  such  a  manner  that  the  reflection  of 
a  window  placed  opposite  it  is  visible  upon  the  cornea  (in  Fig.  34  the 
image  of  four  window-panes  is  seen  upon  the  upper  and  outer  quad- 
rant of  the  cornea).  By  causing  the  eye  to  follow  the  movements  of  & 
finger  held  before  it,  tlie  reflection  is  gradually  brought  upon  different 
portions  of  the  corneiil  surface,  of  whose  curvature  and  smaothness  we 
in  this  way  obtain  an  impression. 

Lateral  iUvminntiun  consists  in  the  concentration  of  light  upon  a. 
certain  jiortion  of  the  conioa  by  means  of  a  convex  lens.  This  impor- 
tant method,  although  already  enijiloyed  by  Itimly,  Mackenzie,  and 
Sanson,  was  yet  very  little  known  formerly,  und  first  obtuiucd  general 
currency  through  the  efforts  of  Helmholtz,  A  liglit  (candle  or  lamp) 
is  placed  beside  and  somewhat  in  front  of  the  j«itient.  Then,  by  the 
aid  of  a  .stroug  couvex  iens  (of  l.^-ail  D.),  the  rays  are  concentrated  to 
a  cone  of  light,  whose  apex  is  maile  to  fall  upon  the  portion  of  the 
cornea  to  be  examined.  This  method  is  designated  as  focal  illumina- 
tion, because  the  point  to  be  illuminated  is  brought  into  the  focus  of 
the  lens.     This  point  stands  out  %vith  special  distinctness  because,  on 
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the  one  hand,  a  great  quantity  of  light  is  conccntraUHl  upon  it,  and 
becttQBe,  on  the  other  hand,  the  jiarts  immediately  surrounding  it  re- 
main almost  completely  in  darkness.  On  this  latter  ground,  lateral 
illumination  gives  the  most  udvuutageous  result  if  in  its  appliciition 
the  room  is  darkened.  Hy  lateral  illumination  we  can  recognize 
opacities  in  the  cornea  which  are  perceptible  in  no  other  way.  The 
iris,  too,  and  the  leua  as  well,  can  be  examined  in  this  way  by  vary- 
ing the  depth  to  which  the  light  is  projected.  By  ao  doing  we  have 
not  merely  the  a<l vantage  of  getting  very  sharp  images,  but  also,  from 
tin«  fai't  that  we  can  at  will  vary  the  depth  to  wliich  the  apex  of  the 
conical  «heaf  of  rays  is  projected,  we  get  information  as  to  the  depth 
at  which  the  changes  that  we  observe  are  situated.  A  handier  method 
of  lateral  illumination  is  furnished  by  the  lamp  of  Priestley  Smith. 
This  carries  in  ita  center  a  small  candle  as  a  source  of  light ;  a 
strong  convex  lens  let  into  the  side  of  the  lamp  serves  for  the  pro- 
duction of  the  cone  of  light. 

In  a<ldition  to  the  appearance  of  the  cornea  we  have  further  to 
examine  its  sensitivenoas,  which  is  best  done  by  touching  it  with  the 
point  of  a  thread. 

The  anterior  chamber  must  be  examined  more  especially  in  respect 
to  it«  depth — that  is,  whether  it  is  shallower  or  deeper,  nn  a  whole,  or 
whether  possibly  it  is  of  unequal  depth.  Further,  we  look  for  any 
abnormal  matters  which  may  be  present  in  the  chamber,  such  as  an 
exudate,  hlorjd,  foreign  bodies,  etc. 

In  the  irif  its  color  as  well  as  the  clenmess  of  ita  markings  must  be 
observed.  For  the  recognition  of  adhesions  the  instillation  of  atro- 
pine is  often  requisite.  We  inspect  the  active  movements  (reaction) 
of  the  iris  as  well  as  any  passive  movement  that  may  be  present 
(tremulousness  of  the  iris  in  movements  of  the  eyeball).  In  order  to 
dot«rmine  the  reaction  of  the  iris  to  light,  we  first  cover  the  eye  by 
holding  the  hand  before  it,  and  then  see  whether,  upon  suddenly  re- 
moving the  hand,  the  pupil  contracts.  Besides  tins,  we  must  test  the 
n^ac'tion  of  the  pupil  to  convergence  and  accomniudatiou.  Lastly,  we 
determine  whether  the  pupil  is  circular,  of  normal  width,  centrally 
placed,  an«!  of  pure  bhwtk  hue. 

Of  the  len.'i  we  see  under  ordinary  circumstances  only  the  small 
Mction  of  the  anterior  surface,  which  lies  free  in  the  pupil.  If  we 
wi«h  to  examine  the  lens  more  extensively,  we  dilate  the  pupil  with 
hninatropine  and  use  lateral  illumination.  As  long  as  the  lens  is  stilt 
transparent,  the  ophthalmoscope  gives  us  the  best  conclusions  in  re- 
gard to  its  conslitutit»n.  Whether  the  lens  is  present  in  the  eye  at 
all  or  not  can  be  determined  by  investigating  the  Purkinje-Sanson  re- 
flex images.  If  a  candle  is  placed  before  the  eye  and  somewhat  to  one 
side  of  it,  two  brilliant  reflections  are  observed.  One  of  these  at  onco 
attracts  oar  attention  by  its  size  and  brilliancy ;  it  is  the  corneal  reflex 
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— that  is,  the  erect  image  of  the  i3anio  reflected  from  the  anterior  sur« 
face  of  the  cornea.  It  is  this  n^üvx  wliich  even  from  a  distance  is 
viaible  in  ever}' eye,  and  gives  to  the  latter  its  fire  and  luster.  The 
second  reflex  is  quite  as  bright,  but  so  small  that  we  have  to  look  for  it 
at  first  in  order  to  find  it.  It  jiresents  the  very  small  inverted  imagel 
of  the  flame  which  is  reflected  from  the  posterior  surface  of  the  lens' 
(posterior  lenticular  refiex).  It  is  distinguished  by  moving  in  the  con- 
trary sense  to  the  source  of  light  when  the  position  of  the  latter  is 
shifted  ;  if  the  candle  is  depres-sed,  the  shining  point  rises,  and  vice 
versa,  in  opposition  to  the  corneal  reflex,  which  moves  in  the  same 
sense  as  the  cundlc-flame.  Now,  this  second  reflex,  or,  as  it  is  called, 
the  iKJsterior  lenticular  image,  is  a  certain  proof  of  the  presence  of 
the  lens  in  the  eye.  It  is  not,  however,  permissible  to  reverse  this 
proposition — that  is,  if  the  posterior  lenticular  image  is  not  present, 
the  lens,  of  course,  may  be  wanting;  but  it  may  also  happen  that,  be- 
cause of  turbidity  of  the  substance  of  the  lens,  a  reflection  can  no  ^ 
lunger  be  developed  on  its  posterior  surface. 

Finally,  before  proceeding  to  an  examination  with  the  oplithalmo- 
ficope,  the  tenmon  of  the  eye  is  to  be  tested.  The  eye  is  closed  and  pal- 
pation is  made  by  means  of  the  two  index-fingers,  which  are  placed] 
upon  the  ujijwr  lid.  Here,  us  irt  all  the  previously  mentioned  methods  I 
of  examination,  the  best  niejisure  for  any  variation  from  the  normal, 
is  obtained  by  a  comparison  with  the  other  eye,  it  being  presupposed] 
that  the  latter  is  healthy. 

EXAMIX.\TION    WITH  TUE   OPHTH.-iLMOSrOPB  (OPHTHALMOSCOPY), 

2.  The  invention  of  the  ophtbalmoÄOOite  by  Helmholtz  in  the  year  ^ü 
1S51  was  one  of  the  most  beneficent  achievementa  in  modern  medi-^H 
cine.     It  hi»8  made  the  interifir  of  the  eye  accessible  to  investigation;       ■ 
blood-vessels  and  m-rves,  which  in  the  rest  of  the  body  are  exposed  only  ^J 
by  surgical  nuinijuitation,  here  He  unveiled  before  us  and  permit  us  to^^| 
study  their  niimitcst  variations.     In  ophthalmology,  the  ophthalmo-  ^* 
scope  has  produced  a  complete  revolution,  since  it  has  tlirowTi  light  ^i 
into  the  dark  region  of  what  was  formerly  called  black  catiiract,  and,^| 
has  acquainted  us  witli   the  manifold  morbid  processes  which  lie  at  ^^ 
the  ruot  uf  this  dreaded  mahidy.     Many  of  these  processes,  if  diagnosti- 
cated correctly  and  in  time,  would,  at  tlie  present  day,  receive  success- 
ful treatment.     Furtijermorc,  in  generul  medicine  the  ophthalmoscope 
has  become  an  indispensable  aid  to  diagnosis,  since  many  internal  dia-       • 
orders  produce  rlüiractcristic  rlumges  in  the  fundus  of  the  eye.  ^H 

Principle  of  the  Ophthalmoscope. — In  order  to  see  the  fundus  of  V| 
an  eye,  we  must  throw  light  by  the  aid  of  suitable  apparatus  through 
the  pupil  and  upon  the  fundus,  and  receive  the  light  reflected  from  the 
latter  into  our  own  eye  and  unite  the  rays  to  form  a  sharj)  image.     In 
the  original  ophthalmoscope  of  Helmholtz  this  end  was  obtained  in  the  I 
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following  way :  Before  the  eye  under  investigation  {A,  Fig.  1)  a  glnss 
plat».*,  /*/*,  its  jilat;«.!  in  an  obliquo  position.  A  source  of  light,  Z, 
phiftnl  to  one  side  of  the  eye,  throws  upon  the  glass  plate  rays,  part  of 
which  are  reflected  at  t\w  surfm-e  of  (lie  plate  and  pass  through  the 
popil  into  the  eye,  A.  The  rave  reflected  from  the  fundus,  a,  arrive 
once  more  at  llie  glass  plate  and  arc  there  in  part  rellectcd  to  the 
iooroe  of  light.  A,  while  another  part  goes  through  the  ghisn  phite  and 
raters  the  olistTVer's  eye,  Jiy  which  nnites  the  rays  \jpon  its  retina  into 
a  well-defined  image,  b.  In  order  to  increase  reflection  at  the  sur- 
face of  the  plate  and  thereby  ilhmiinate  the  background  of  the  eye 
mure  intensely,  Helnihoitz  placed  three  such  plates  one  bcliind  the 
other.  A  later  modification  couBisted  in  increasing  the  reflecting 
{Mwer  of  the  glass  plate  by  lining  its  posterior  surface  with  a  mirror 
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coAting,  a  round  hole  throiigh  the  plate  or  at  least  through  the  mirror- 
ootiting  enabling  the  observer  to  see  through  it.  Of  this  sort  are  the 
00at«d  plane  mirrors,  or  mirrors  of  ft-eble  illumination  which  are  now 
emjdoyed.  As  mirrors  of  strong  illumination  we  designate  concave 
mirrors,  which  ai"e  also  coated  and  are  jwrf orated  through  the  center 
(first  employed  by  Ruete).  These,  from  the  fact  that  they  render  con- 
vergent the  rays  springing  from  the  source  of  light,  throw  a  still 
^mtter  quantity  of  liglit  through  the  pu})il  into  the  obsurveil  eye.  An 
»pparatus  is  placed  in  front  of  the  perforation  in  the  mirror,  which 
renders  it  possible  to  bring  different  sorts  of  lenses  lii"fi»ro  the  ajMirture. 
lu  this  way  it  is  possible  to  give  the  rays  of  light  whii-h  fall  into  the 
observer's  eye  any  path  that  may  be  necessary  in  order  to  unite  them 
into  a  »harp  image  U]>on  the  retina. 

Method  of  Examination.— Thu  examination  is  conducted  in  a  dark- 
ened room.     The  patient  sits  o])posite  the  physician,  and  haa  on  the 
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side  of  the  eye  to  be  investigated  a  lamp  as  a  goiirce  of  light  Then 
there  are  two  diilerent  methoils  to  )w  employed  for  seeing  clearly  the 
fundus  of  the  eye.  In  order  to  make  the  explanation  of  them  simpler, 
we  first  prcsupposti  that  both  the  putient  and  the  physician  have  anormal 
refraction  (emmetroi>ia,  see  §  138).  In  the  exumination  with  the  erect 
tmagt'  [dirfci  mcthful),  the  physician  places  himself  and  his  mirror 
directly  in  front  of  the  eye  that  he  is  observing.  If  now  he  holds  the 
mirror  obliqtiely  in  such  a  manner  that  ho  throws  the  light  of  the 
lamp  into  the  pnpil  of  the  observed  eye,  he  will  inimediately  get  a  clear 
view  of  the  patient's  fundus.  For  (Fig.  2)  a  certain  portion  of  the 
fundus  of  the  eye,  A,  is  illuminated  by  the  mirror,  S  S.  The  rays  re- 
flected from  any  point,  as  n  of  this  illuminated  region  of  the  retina, 
leave  the  eye  in  a  parallel  direction,  pass  through  the  central  aperture 
of  the  mirror,  and  full  into  t!ie  observer's  eye  li.  Here  they  are  again 
Ullited  at  a  single  point,  i,  upon  the  retina  of  this  eye,  so  that  here 


Fi<).  2.— Oputhajj«üb«;up(c  Exahi^atiiiü  with  tub  Erect  Iva^jk. 
The  eywaff  drawn  of  the  oatural  ail«  of  an  emnn-irupk;  cy*'  having  an  axial  lenf^rtli  of  'M  mm. 

there  is  produced  a  sharp  image  of  the  jKjint  a.  Since  the  same  pro- 
cess is  repeated  for  all  the  other  points  of  the  illuminated  region  of 
the  retina  of  tlic  eye,  A,  a  sharp  image  of  this  portion  of  the  retina  is 
formed  in  the  eye  of  the  observer. 

The  examination  with  the  inverted  image,  or  by  means  of  the  »*»- 
direct  inflhod  (Riiete),  is  conducted  with  the  aid  of  a  strong  convex 
lens  of  about  six  cm.  focus.  This  lens,  L  (Fig.  3),  is  held  at  a  distance 
of  about  six  cm.  from  the  eye  (--1)  under  examination.  The  fundu.s  of 
this  eye  is  now  illuminated  by  means  of  the  mirror  .S"  S.  The  rays 
reflected  from  the  illuminttted  rcginri,ff,  of  the  retina  pass  out  in  a  par- 
allel direction,  fall  upon  the  lens  and  are  united  at  the  focus,/,  of  the 
latter.  Thus  there  is  formed  at  this  spot  an  image  of  the  point  n.  In 
like  manner  images  from  the  otlier  points  of  llie  illnmiuated  region  of 
the  retiua  are  produced  in  the  fo<jal  plane  of  the  lens,  so  that  there  is 
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formed  here  an  inverted  image  of  tlii«  portion  of  the  fundus.  The 
observer's  eye  B,  now  through  the  aperture,  «,  of  the  mirror  examines 
this  image  at  the  ordinary  reatling  distance  (about  thirty  cm.),  for 
which  purpose  a  certain  accommoilative  effort  is  required.* 

Eju-'h  of  these  two  methods  has  its  advantages.  The  erect  image 
is  highly  magnified — about  fourteen  times — as  opposed  to  the  inverted 
image,  which  is  magnified  but  litUe  (about  four  times).  The  direct 
method  is  therefore   particularly  adapted   for  the  recognition  of  the 


Flo.  8.— OpBTflAMIOBCOPJC   RXAMTMATKIN   WTTH   THE   ImTSRTED   IMAOB. 

Tfc»  lOuininiiti.in  of  the  fimilus  i«  «co^mpllsheil  by  nienni«  of  the  soiirw  of  Iljfht,  L.  from  which 
'  •  •   ruj'K,  t.  fktld  upon  thf  nilrn>r,  N  S.  aikI  fnim  thiH  im  thrnwii  into  the  eye,  A.    In 

'  cnnfuM^  th«^  Ff  prewntation,  thesf  ra>'«  an»  not  «howD.  but  only  tttoae  wlUob  pua 
.     •  ye,  A,  again. 

finer  details.  The  indirect  method,  on  the  other  hand,  affords  a  larger 
field  of  view,  and  therefore  gives  a  better  general  ])r()spect.  The  indi- 
rtK't  method  gives  a  more  luminous  image,  and  hence,  when  the  re- 
fmeting  media  arc  turbid,  will  etill  render  the  fundus  visible  when  it  is 
no  longer  to  be  seen  in  the  direct  image.  In  most  cases,  both  methods 
are  applicable,  ami  then  it  is  advisable  to  conduct  the  examination 
with  the  aid  of  both. 

Ä.  Application  of  the  Ophthalmoscope. — Before  examining  the  fun- 
dus we  test  the  transparfiny  of  fhr  rrfracting  vtedia  by  means  of  tlie 
ophthalmosoope.  For  this  purpose  light  is  throwTi  by  the  ophthal- 
muäcope,  hehl  at  the  ordinary  rewling  distance,  into  the  eye  under  ex- 
amination. If  the  refracting  media  are  perfectly  clear,  the  pupil 
•hines  with  a  uniform  red  luster.  If  thert*  are  })la«.'es  in  the  refracting 
merlia  that  are  opjique,  such  stand  out  upon  the  red  backgnxnid  of  the 
illuminated  pupil  as  «lark  points  or  s])ot8.      For  example,  the  rays 


[*  It.  U  better  to  obvintc  this  strain  tipon  the  aot'ominiMlHlinn.  nnd  this  cnn  be 
IMdily  «Jone  bv  interposinp  lK>f<in:'  the  aju-rture  of  the  mirror  a  convex  lens  of  8 
or  4  D.-D.]  ' 
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which  correspond  to  tlve  opaque  sjiot  t  (Fig.  4)  are  cut  of!  on  their  re- 
turn from  the  fuiuhis,  rt,  so  that  this  spot  is  not  iUuminated  und  hence 
looks  bli^k.    This  is  the  case  even  when  the  opacities  are  actually»  aa 


Fio.  4.— Vi.iiBiUTT  or  Opacitibb  ra  tbe  Media  sr  Hcanb  or  rac  Ophtbalhosoopk. 


seen  by  light  thrown  directly  upon  them,  light  colored — t!iat  is,  M'hite 
or  gray.  So  also  even  a  piece  of  chalk  looks  black  if  it  is  held  in  front 
of  a  flame. 

The  fundus  itself  in  u  normal  eye  appears  as  a  red  siirface,  the 
most  fltriking  feature  of  which  is  the  shining  entrance  of  the  optic 
nervu  (Fig.  5).  The  eutnince  of  the  optic  nerve  (piipilhi  nervi  optici) 
forma  a  disk,  the  color  of  which  is  a  light,  grayish  or  yellowish  red. 
The  center  of  the  disk  often  »hows  a  depression  of  lighter  hue — the 
vascular  funnel  (Fig.  9) — out  of  wliieh  rise  the  central  vessels  of  the 
optic  nerve.  If  this  dcj)res.si(>n  is  nujre  extensive  (and  it  may  be  large 
enough  to  reach  in  places  to  the  edge  of  the  papilla),  it  ia  called  the 
physiological  excavation  (Fig.  5).  The  vessels  springing  from  the 
papilla  divide  tiiiou  it  and  pass  over  its  edge  into  the  retina,  in  which 
they  keep  on  branching  after  the  fashion  of  a  tree-trunk.  They  can 
readily  be  distinguished  into  arteries  and  veins.  The  former  are  of  a 
brighter  red,  narrower,  and  run  a  straight  course  (Figs.  5  and  9,  a  a)] 
the  latt<?r  are  darker,  of  greater  caliber,  aiul  very  crooked  (Figs.  5  and 
9,  V  v).  The  red  backgi'ound  on  which  the  retinal  vessels  run  is  the 
chorioid,  which,  in  consequence  of  the  great  abundance  of  ita  vesselg, 
appears  as  a  red  surface,  The  retina  itself,  as  it  lies  upon  the  chorioid, 
is,  with  the  exception  of  its  blood-vessels,  invisible,  because  in  its  nor- 
mal condition  it  is  perfectly  transparent.  It  is  only  just  at  the  site  of 
the  fovea  centralis  that  a  rcflc.t  derived  from  the  surface  of  tbe  retina 
ifl  recognizable  as  a  small  bright  spot  (/,  Fig.  5). 

Finally,  the  ophthalmoscope  is  also  useful  for  malting  an  objective 
determination  of  tbe  refraciion.  This  is  effected  by  employing  the 
erect  image.  In  the  exam]ile  represented  in  Fig.  2  it  was  assumed 
that  the  patient  wag  enimetropic.    In  this  case,  the  rays  pass  out  of  the 
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eyp  parallel  tn  each  other,  and  can  be  united  to  form  a  sharp  image  by 
an  obaervtir  without  any  strain  upon  the  accommodation  provided  he 
is  also  emmetropic.  Should,  however,  the  eye  under  observation  have 
an  error  of  refraction,  the  rays  would  no  longer  be  parallel  as  they  pusa 
oat ;  in  that  case  they  would  have  to  be  made  parallel  b}'  a  lens  placed 
before  the  eye.  Thus  tlie  rays  proceeding  from  a  myopic  eye  would 
b<*  convergent,  and  it  would  require  a  concave  lens  U:>  make  tlietn  paral- 
lel (Fig.  10) ;  on  the  other  hand,  a  hypermetropic  eye  renders  divergent 
the  ra3r8  proceeding  from  it  and  needs  a  convex  lens  to  give  them  a 
parallel  direction  (Fig.  11).  Accordingly,  from  the  kind  and  strength 
of  gla^  necessary  for  this  purpose  the  examiner  elicits  the  kind  and 
dtgne  of  the  refractive  error. 

Lr«T>o«rTT  OF  Tire  Prpn.. — Under  ordinary  circumstances  the  pupil  ap- 
peius  block.  Tliis  was  formerly  Hscribed  to  the  ahäorption  by  the  dark  back- 
ground of  the  eye  of  all  the  light  entering  the  pupil  from  the  outside.  In 
nalit;,  however,  the  cause  of  thi»  phenomenon  is  tM  follows:  If  (Fig.  6)  light 
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IteopUe  diak,  which  is  soinewbal  oval  loaiotudlnally.  has  the  point  of  entrancf  of  the  central 
TiMiiili  aoriMfwhat  t>i  thr-  inik^r  ^1.1.-  .if  Hk  <'Hiiti-r  That  portiuu  of  the  pa|>illB  lying  to  Ih« 
InDeraidtfof  th-'  of  <lnrk>T  hue  than  th<- outer  (x^irtiou ; 

ti»  latter  »hows  lur  entrnm-»-,  a  spfH  of  li^httr  cnltir,  the 

ph.rslolojfical  e.x<  .  rc|in-.<M-niiii)r  the  laciinit- of  the  lanilua 

critama.  TTi«»  pajulln  is  •.urniiimli'il,  (Irsr  Ia  h  lii;!ii  luUin-d  rii>>;,  the  »cleral  rlriK.  and  exter- 
nally to  thia  by  aa  Irrvffular  htsrk  atripp.  theclmHoiilnl  rUi»;.  wlilih  ih  eH[)«<oialty  »ell  inurlced 
on  tiw  t<-mporal  »id«?.  The  ct-ntral  artt'ry  an<1  vein  divide  immi-diftt<'Iy  after  fh<-lr  entraiwe 
Into  the  eye  into  an  «srendirip  and  defwendinÄ  braiirh,  which  a|)j>ear  li ■mew  hat  lifcrliler  than 
llw'ir  continuations  uikjm  the  ivlinn.  Immbus«-  they  lie  Id  the  depth  of  tiie  phyMiil"Kl<.-nl  eXcar 
ration.  The  1>raiii-lte«(.  while  Mtill  on  tlie  papilla.  H(ilit  into  a  nuni)>er  iif  Hriiuiler  di\  ixioiM  and 
OiM^  ofrnhiMitH  from  ttn'tn  niii  from  all  dlrectloa«  toward  the  macula  lutea,  which  it«e|f  li 
dvToiJ  of  ve»-elK.  and  Is  dlNttngulshed  by  Ita  darker  color  In  iu  cvuter  a  briKht  puoctAtt 
reflex,  /.  ia  viMlbU-. 


frocn  a  source  of  light,  L,  enters  the  ejc.  A,  and  the  latter  is  accurately  focused 
for  the  »ource  of  light,  the  rays  coining  from  L  are  united  to  form  a  sharp 
{mage  upon  the  retina  at  I.  L  and  I  are  called  conjugate  foci.  For  these  thti 
law  hold.<  good  that  they  can  be  substituted  for  each  other— that  is,  if  the  rays 
»bould  start  from  the  posterior  focua,  ^  they  would  come  together  again  at  the 
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anterior  focus,  L.  Accordinjrly,  the  rays  reflected  from  the  illuminated  portion 
of  the  retina,  I,  are  returned  to  the  source  of  light,  A  and  could  be  »een  by 
an  obeerver  only  ia  case  the  latter  was  to  identically  the  same  »pot  aa  the 


Fio.  0.— Patb  ov  thk  Eats  whbx  tes  £vx  la  rocuiiKD  ros  tbc  Soubcx  or  Light. 

source  of  light.     The  solution  of  this  problem  ia  another  of  the  iof^nious  di 
coveries  of  Heimhohz. 

The  conditiuns  arc  diJTereiit  when  the  eye  la  not  focused  for  the  source  of 
lif;ht  bffore  it.  Suppose,  for  example,  that  the  eye  i.s  hypermetropic  (Fig.  7). 
Then  the  rays  «pringing  from  the  iihiininated  fwrtioii  of  the  retina,  /,  leave 
the  eye  as  a  divergent  beam,  ao  that  only  a  part  of  the  rays  are  returned  to 
the  source  of  light,  L,  while  another  part  pusses  to  the  side  of  the  latter  and 
can  be  Been  by  an  observer  stationed  near  it.  Hence  cumes  the  striking  lumi- 
noKity  of  the  pupil  in  so-called  umiivirotic  cat's-eye  (see  ^  100),  in  which  a  mark- 
edly hypermetropic  condition  of  the  refraction  is  produced  by  the  pushing 
forward  of  the  retina.  In  like  manner,  lumiuosity  is  freipjrntly  »p[wrent  in 
eyett  which  are  deprived  of  their  lens  by  the  operation  for  cataract  ami  are  there- 
fore strongly  hyjierinutropic.  Moreover,  the  enlargement  of  the  pupil,  which  is 
at  the  same  time  present,  and  which  ia  due  to  the  iridectomy,  renders  it  still 
easier  to  observe  the  luminosity.    The  lumtnoHity  of  the  eyes  of  many  beasts, 


Flo.  7.— ExpLASATiuN  or  Li'm.NosiTV  or  TB«  EVB. 

The  Bource  of  llffht,  L.  throws  the  otnili;al  beam  uf  i-ays.  Jr.  Into  the  eve.    The  further  conn«  of 
tbete  rayg  is  uoi  shown  in  the  M^ire,  hut  only  that  of  (he  ray«  n>nected  froni  the  retlaa  at  L  , 


especially  the  Carnivora,  is  also  in  part  to  be  aacribrd  to  the  hypermetropic 
character  of  their  refraction,  although  here  the  preacnce  of  a  Btrotigiy  reflect- 
ing layer  (the  so-called  tapetum)  in  the  chorioid  of  these  eyes  contributes  to 
this  result. 

The  luminosity  of  the  pupils  of  albinos'  eyes  i»  to  be  explained  in  a  differ- 
ent way.     In  such  eyes  the  light  passes  not  only  thruvigh  the  pupil,  but  also 
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through  the  unpigmentcd  iris,  and  even  through  the  sclera.  Accordingly,  in 
tbeee  eyes,  not  simply  a  limited  district  of  the  retina,  but  the  whole  fundus, 
ifl  flooded  with  diffused  light ;  and  therefore  rays  from  the  different  portions 
of  the  fundus  pass  out  of  the  pupil  in  every  direction  and  can  very  readily  be 
caught  up  by  the  observer's  eye.  That  tliis  explanation  is  the  correct  one  is 
proved  by  the  fact  that  the  pupil  of  an  albino's  eye  looks  black  as  soon  as  we 
hold  before  the  eye  a  »creen  having  an  aperture  that  corresponds  in  si7.e  to  the 
pupil.  This  shuts  off  from  the  eye  any  light  which  might  enter  it  through 
other  media  than  the  pupil,  and  in  this  respect  makes  the  eye  of  an  albino 
like  that  of  a  normal  person. 

In  making  an  examination  with  the  ophthalmoscope,  the  tyro  will  do  well  to 
dilate  tlu-  pupil  with  cocaine  or  homatropine.  Before  doing  so  he  mast  cniike 
mm  that  there  is  no  reason  lo  HUHj)ect  glaucoma,  in  which  case  artificial  dilata- 
tion of  the  pupil  might  have  dangerous  ri'sulU,  and  therefore  must  not  be  em- 
ployed. Directions  as  to  the  technique  of  ophthalmoscopy  must  be  reserved  for 
ft  course  of  practical  study.  Whoever  wishes  to  get  more  precise  information 
than  can  be  had  from  the  following  pages  can  u.sc  as  a  brief  guide  Dimmer's 
The  Ophthalmoscope  and  Ophthalmo.scopic  Diagnosis  (1887);  of  ophthulmo- 
•copic  atlases  that  by  J&ger  b  the  best. 

In  the  ophthalmoscopic  examination  of  the  ere  we  invariably  proceed  by 
carefully  investigating  the  eye  by  mean;«  of  lateral  illuminiition  ßrst,  next  test- 
ing the  transparency  of  the  refracting  media  with  thu  nphthalmosco|>c,  and  not 
going  on  to  the  examination  of  the  fundus  itself  until  last  of  all.  This  last 
examination  La  best  made  first  with  the  invcrt^j-d,  afterward  with  the  erect 
image  ;  and  in  examining  the  latter  the  refraction  can  be  determined  at  the 
same  time. 

ExAMMikTioN  OF  TUB  Refkacti»o  Meoia. — For  this  purpose,  when  pro- 
nounced opacities  are  present,  we  make  u.te  of  the  concave  mirror  ;  slight 
o{Nicitie8,  on  the  other  hand,  are  discovered  only  by  means  of  the  mirror  of 
fevble  illumination  (plane  mirror).  In  examining,  we  must  not  neglei^t  to 
make  the  eye  move  in  different  directions,  in  order,  on  the  one  hand,  to  obtain 
a  view  of  laterally  placed  opacities,  and,  on  the  other  hand,  to  stir  up  tu  this 
way  opacities  which  have  sunk  to  the  bottom  of  the  vitreous  humor.  Smaller 
opacities  look  black  ;  larger  opacities  appear  gray  or  even  white,  since  the 
light  reflected  from  their  surface  is  strong  enough  to  shine  out  ujiou  the  vivid 
fed  iNickgTound  of  the  illuminatod  pupil.  In  ortler  to  recognize  the  site  of  the 
opacity,  we  decide,  in  the  first  ))liice,  whether  the  latter  is  movable  or  fixed. 
In  the  former  case  it  can  be  situated  only  in  the  vitreous  ;  in  the  latter  case — 
that  is,  if  the  o{M»city  moves  only  with  the  eye,  and  not  spontaneously — it  is 
probably  situated  in  the  cornea  or  in  the  lens;  but  it  may  still  be  in  the  vitrc- 
ouft,  since  here  too  fixed  oftacities  arc  sometimes  observed.  Id  many  cases  this 
can  be  decided  by  employing  lateral  ilUuniuation.  If  we  can  obtain  no  result 
in  this  way,  we  then,  in  order  to  determine  the  site  of  the  opacity,  make  use  of 
the  f/araHactic  düfphcernritt  of  the  latter  with  reference  to  the  margin  of  the 
pupil.  This  is  accomplished  in  the  following  way  ;  In  the  eye,  A  (Fig.  8), 
suppose  four  opa<|ue  i>oints  to  l>e  present,  which  lie  at  different  depths,  namely, 
in  the  cornea  (1),  upon  the  anterior  capsule  of  the  lens  (2),  at  the  posterior 
pole  of  the  lens  (8>,,Hnd  in  the  anterior  part  of  the  vitreous  (4).  For  sim- 
plicity's sake  we  assume  that  they  are  nil  disposed  in  the  optical  axis  of  the 
«jc.    Then,  if  the  observer.  B,  looks  into  the  eye  from  directly  in  front,  he  will 
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sec  eiicli  one  of  these  poiuts  precisely  in  the  renter  of  the  pupil,  P.  Buppose, 
now,  that  the  observer's  eye  [iiisse*  from  i?to  /?i,  The  (msition  of  the  points 
with  relation  to  the  pu[)il  will  he  chunged  at  once.  Point  1  approximatos  to 
the  upper  border  of  the  pupil  /*»  ;  point  2,  which  is  situated  in  the  pupil  itself, 
keep»  ltd  jilace  unchnnged  ;  points  3  and  4  have  ujiproachtnl  the  lower  border 
of  the  pupil  ;  and  4,  on  ac<-ount  tif  its  gruster  depth  in  the  eye,  more  so  than  8. 
Frona  this  example  the  following  rule  for  the  deteriuiuiition  of  the  »ite  of  an 
opacity  can  be  deduced  :  We  look  inio  the  eye  from  directly  in  front  and  note 
the  po-sition  of  the  opacity  in  the  pupil.  Then,  while  the  patient  holds  his  eye 
fixed,  we  move  slowly  to  one  side  mid  observe  whether  the  opRcity  remains  in 
the  Wime  spot  or  not.  In  the  former  case,  the  opacity  lies  in  the  pupillary 
plane  (ujton  or  directly  beneath  the  anterior  cajxiule  of  the  len»)  ;  in  the  latter 
ca.se,  in  front  of  or  behind  this  plane — in  front  of  it,  if  the  opacity  shifts  its 
place  with  a  movement  op[>08ed  to  that  o(  the  iuvcMttgating  eye  ;  behind  it,  if 
the  opacity  moves  in  the  stame  sense  as  the  eye.  The  mure  quickly  this  change 
of  place  occurs,  the  farther  removed  is  the  opacity  from  the  pupillary  plane. 


Fto.  8.— DiAOfroBM  or  thb  Sit«  of  am  Opacity  ntOM  ParalluLcttc  Dibpi^oevkiit. 


(Evidently  we  can  also  proceed  bj  keeping  our  own  eye  still  and  telling  the 
patient  to  move  his.  This  way  of  csamininp  hn»  the  di.sadvantage  that,  if  the 
movement  of  the  observed  eye  is  rather  extensive,  a  minute  opacity,  whose 
position  ha.s  l>ecn  marked,  may  disappear  out  of  sight  and  then  frequently  is 
found  again  only  with  difficulty.  > 

Dark,  ill-defined  shadows  on  the  red  backgrnund  of  the  pupil,  which  change 
their  position  suddenly  on  moving  the  mirror,  are  to  be  referred  to  irregulari- 
ties of  the  refnicting  surfaces  (mo.nt  frequently  to  facetting  of  the  cornea);  the 
irregular  aÄtigmatism  so  caused  further  betrays  itself  by  the  fact  that  the  image 
of  the  fimdus  appears  irregularly  distorted. 

NoitMAT.  Fundus  Ocru.  — In  making  a  systematic  examination  of  the  fundus 
we  begin  at  the  [wpilla.  In  order  to  bring  the  latter  into  view  ut  once,  we 
make  the  patient  look,  not  straight  in  front  of  hitn,  but  a  little  inwiuxl  {toward 
his  nose).  For  the  entrance  of  the  optic  nerve  does  not  lie  at  the  i)osterior  pole 
of  the  eye,  hut  on  the  nasal  side  of  it,  and  hence  is  brought  directly  opposite 
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Br  only  after  a  corresponding  rotiition  of  the  eye  inward.  The  shape 
of  the  papilltt  U  circular  or  oval  ;  in  the  lutter  case  generally  an  erect  oval.  Its 
nxe  apparently  varies  quite  a  good  deal,  which,  however,  is  due  to  the  varying 
degree  of  enlargement  under  which  the  papilla  is  seen.  Ft)r  instance,  the 
eulargemcnt  varies  not  only  according  as  we  examine  with  the  inverted  or  the 
erect  image,  but  also,  although  within  »malk-r  limits,  it  varies  with  the  refrac- 
tiuo  of  the  eye.  The  true  Bize  of  the  papilla,  measured  in  enucleated  eyes,  is, 
MS  nutter  of  fact,  almost  always  the  same — that  is,  about  IS  mm.  in  diame- 
tvr.  On  account  of  this  constancy  we  use  the  papilla  for  taking  meaaurements 
in  the  fundus  ;  we  say,  for  example,  that  a  diseased  area  is  2  papilla  breadths 
in  diameter. 

Circumscribing  the  papilla,  we  rery  often  (especially  in  making  the  exami- 
oaliun  with  the  erect  image)  recogniee  two  rings  distinct  in  color.  The  inner 
ring,  lying  next  the  border  of  the  papilla,  is  white  (Fig.  9  A  l)etwccn  e  and  </  ; 
men  also  Fig.  5),  and  is  called  the  sclrral  rimj,  V>ec«U8e  it  owes  its  white  color  to 
the  fact  that  the  sclera  is  here  exi>osed  to  view.  It  is  present  when  the  u\)vt- 
ture  in  the  chorioid,  designed  for  the  passage  of  the  optic  nerve,  is  larger  than 
tbc  oom^sponding  aperture  in  the  sclera,  so  that  the  latter  membrane  in  the 
immediate  neighborhood  of  the  optic  nerve  (Fig.  9  i/ between  e  and  d)  is  no 
longer  covered  by  the  chorioid.  At  the  edge  of  the  aperture  the  chorioid  is 
often  m&rkcd  by  a  larger  accumulation  of  pigment,  by  which  the  second,  exte- 
rior ring  is  fonne<I.  This  is  apparent  as  a  block,  narrow,  sometimes  complete, 
•ometimes  incomplete,  ring,  which  is  designated  as  the  ehoründnl  ring  or  pig- 
ment ring  (Fig.  0,  </,  and  Fig.  S,  where  ft  is  particularly  visible  at  the  outer 
border  of  the  [wpilla). 

The  demarkation  of  the  outline  of  the  papilla,  produced  in  this  way,  is  gcn- 
enliy  much  less  sliarj)  on  the  nasal  than  on  the  tem])oral  side;  for  at  tbc 
nanl  side  a  greater  numl>er  of  nerve-fibers  pass  over  the  margin  of  the  ])apilla 
and  thus  ob<4Cure  it.  For  the  same  rcas<3n  the  inner  half  of  the  pa]>illa  looks 
rwidcr,  the  outer  half  paler,  because  the  layer  of  nerve-fibers  in  the  latter  situ- 
ation being  tliinner  allows  the  lamina  cribrosa  to  show  through  more. 

The  optic  disk  imder  normal  conditions  lies  in  the  plane  of  the  retina,  and 
doc«  not  therefore  form  a  projection  upon  it  as  the  name  papilla  would  lead 
one  to  suppose.  On  the  contrary,  it  very  frequently  contains  in  its  center  a 
deprtawion,  which  is  produced  by  the  fibers  of  the  optic  nerve  scpanitiiig  from 
each  otiicr  comparatively  early  and  thus  leaving  a  funnel-shaped  space  between 
them  (Fig.  V  5,  A),  The  central  vcsscl«  a-scend  on  the  inner  wall  of  the  funnel. 
Tlte  color  of  the  vuscuhu-  funnel  wems  white  to  us  becau.<u!  we  see  the  white  lamina 
cribrosa  at  its  bottom.  Often,  instead  of  a  small  funnel-sha|>ed  depression,  a 
large  excavation  {phyaiologiml  ejKanttion)  is  present.  This  is  situated  in  the 
outer  half  of  the  papilla,  to  whose  external  border  it  often  reaches.  The  l»lood- 
veHselft  conn*  out  ujxin  the  inner  l)order  of  the  exca%'ation  (Fig.  5),  and  at  tlie 
bottom  of  the  latter  an>  seen  grayish  dots,  the  lacuna;  of  the  lamina  cribrosa. 
With  the  brilliant  white  of  tbc  excavated  exterior  half  of  the  papilla  the  gray- 
ieh-rcd  hue  of  the  uncxravnted  interior  half  is  in  vivid  contro-st.  Sometimes 
the  physiological  excavation  i»  so  large  that  it  takes  in  the  larger  part  of  the 
{tapilla,  but  it  never  t.ikes  in  the  whole;  there  is  always  a  piirt  (thou<:h  it  may 
b«  K  small  part)  of  the  pai>ilhi  that  escapes  it.  By  this  circumstance  the  jihysio- 
logical  is  distinguished  from  the  pathological  excavation,  which  affects  the 
entire  (lapilla  (tottil  excavation). 
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Tlio  central  vessels  of  the  optic  nerve  divide  at  the  head  of  the  nerve  into  & 
number  of  larger  and  satnuller  branches.     The  arrangement  of  these  latter  is  not 
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Flo.  9.— Hkad  or  thk  Oprtc  Nerve. 

A,  Ophtha LMoscopic  Vikw.— Sorrw'what  to  the  inner  side  of  the  footer  of  the  papUla  the  cen- 
tral «rtery  rl»t«  from  beloir.  ami  to  the  lenipural  side  of  tl  rise«  the  centra)  vein.  To  the 
Ivmporal  side  of  the  Intter  Ik-e  thi^  Kmall  ]»liyRi(tli)>;jca1  cxeavBtion  with  the  gray  gtip|)ling  of 
the  uunlna  orilirona.  The  papllln  is  I'Dcircted  )j>-  the  liKlit  SK;leral  r]ai;(betwet:a  r  and  (i\  and 
the  (lark  chorimidnl  rin»;  at  <l 

B.  Ixi.Vom-DINAt.  SbiTIOS  THHOfOII  THE  IlKJkD  OP  THE  OpTrc  Nkrve.  — SlAKuiflei)  14  «I.  The 
tninlc  fif  the  nerve  up  to  the  lamina  eribrustti  hau  a  dnrk  roior  because  it  consifltB  of  medul- 
iated  nerve-fllHTH,  n.  whk'h  have  been  Ktatiicd  blaeli  l>y  Weigert'«  meth<Hl.  The  clear  inter- 
MftceK  *»■,  »eparatliijr  Itiem,  c<irr»"«pfiit«l  to  thi'  tti-pta  eiinimiHetl  of  coiiuwtive  tlsHiie.  The 
aerTe-triiiik  u«  ««nn-loiÄ»«!  tiy  the  sheath  of  pia  nmter,  />,  llie  araelmoid  sheath,  ar,  and  the 
aheatb  of  dura  mater,  tlu.  Tlwre  is  a  frei-  Interspnce  remaioiiifr  betwe(>n  the  sheaitha.  cou- 
si!<tini;  of  the  «ubdiirnl  Hpaee.  «rf,  and  tlM  •■ulmraeniioid  Npace.  «n.  Both  «pace«  liave  a  blind 
endinjf  io  the  Hclera  at  e.  The  sheath  of  dura  mater  (uLsses  into  tlif  f^xternal  layers,  «a,  of 
the  iicleia,  the  sbcAtb  of  pia  inater  iuUt  the  iuteroal  layers,  «i,  u  Inch  latter  extend  aa  the 
lamina  cribroaa  transreraeljracraas  the  counte  of  the  optic  nerve.  The  nerve  it»  repreoented 
ill  front  of  the  lamina  aa  of  light  color,  because  here  it  consists  of  non  niedullated  and 
hence  transnarent  nenre-flbers.  The  ojHlc  nerve  «pread»  fWil  upon  the  n^tina,  r,  in  «such  a. 
way  that  in  It»  center  tlierw  it«  prodiice<i  a  fimnet-ahiifMtj  df  pressmn.  the  vaxculnr  funnel,  6, 
on  whofw  Imior  wull  tli«  e<*utral  ai"tery,  n,  and  the  central  vein,  v.  aticeud.  The  chorioid,  cA, 
tibows  a  tnin»vers<<  section  of  it«  numerous  bloodvessels,  and  toward  tiw  retina  a  dark  line, 
the  piKment  epithelium  :  next  the  maPKin  of  the  foramen  for  the  optle  nerve  and  comsspood- 
iiiK  t'l  (he  situation  of  the  ehori(<iilal  rini;  the  chorioid  in  iixire  darlcly  l>i);menf«d.  cj  to  a 
(xiKlerior  *hort  ciliary  arter>'  which  r>Hiclies  the  <;horio)d  thrriuxb  tJn-  .sclera.  Betwe*!n  III» 
edRe  of  the  ehnrinid.  ff.  «nd  the  raaft;in  nf  the  head  fif  the  optic  nerve,  c,  there  is  a  narrow 
Interspaee  in  wliieh  the  sclera  lies  expoto.'d,  and  «iiioh  corresponds  to  the  scleral  rtd(t  visibi» 
by  the  üpbthalmoscupe. 

always  the  same;  most  frequently  it  happens  that  two  mnin  branches  run  up- 
ward and  two  downward,  while  only  siuull  and  short  twigs  pas,t  to  the  outer 
and  inner  sides  of  the  disk  (Fig.  5).    The  region  of  the  macula  lutea  is  devoid 
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eU;  the  lar^pr  trunks,  rtinning  to  the  outside  above  and  below, 
ele  it  and  aenci  finer  hranchcü  in  toward  it. 

In  the  larger  vessels  we  notice  a  tihining  white  streak  ninning  along  the 
center  of  the  vesaela.  This  streiik,  which  is  more  distinctly  visible  in  the  arter- 
ies (Fig.  9  A,  a  a)  than  in  the  vein»  (r  r),  is  called  the  rffif^  «tn-al  because  it 
is  due  to  the  reflection  of  the  light  from  the  anterior  surface  of  the  column  of 
blood  t  J&ger).  A  jmltatum  is  frequently  observed  in  the  vessels  at  the  s|»ot 
where  they  first  come  to  view  upon  the  papilla.  A  venou«  pulse  is  a  physio- 
logric«!  occurrence;  in  the  same  eye  it  is  sometimes  present,  sometimes  abM?nt, 
In  the  latter  case,  slight  pressure  upon  the  eye  with  the  finger  sufHces  to  pro- 
duce it.  An  arterial  pulse  is  present  under  pathological  conditions  only.  In 
order  to  produce  it  artificiully  in  a  healthy  eye,  no  inconsidenililp  pressure  must 
be  exerted  upon  the  eyeball.  When  this  is  dom-,  the  person  under  e.xaminalion 
notices  a  simultaneous  obscuration  of  the  field  of  vision,  amounting  finally  to 
complete  abrogation  of  sight,  as  a  result  of  the  obstruction  to  the  retinal  circu- 
lation produced  by  the  pressure.  In  like  manner  a  rise  in  pressure  produced 
by  pathological  conditions  (glaucoma)  causes  an  arterial  ]iu)s)itiuu.  The  ex- 
phtoation  of  this  xn  ua  follows  :  As  a  result  of  the  increased  jiressure  in  the 
interior  of  the  eye,  the  blood  is  able  to  enter  the  vessels  of  the  retina  only  dur- 
i^  the  systole  of  the  heart ;  during  the  diastole,  when  the  jjressiire  in  the  arter- 
ies becomes  sumi'whiit  lower,  the  latter  are  occluded  by  the  intraocular  pres»- 
ore.  8uch  a  disproi>ortion  between  the  intraocular  pressure  and  the  pressure 
of  the  blood  in  the  central  artery  may  also,  of  course,  be  }>roduced  by  the  fact 
that  while  the  former  remains  normal,  the  latter  is  diminished.  Accordingly, 
•n  arterial  pulsation  is  observed  in  general  anremiu,  chlorosis,  Basedow's  tlis- 
«aw^,  aortic  insußiciency,  and  also  in  local  compression  of  the  central  artery 
within  the  optic  nerve  (e.  g.  in  optic  neuritis). 

Since  in  healthy  living  eyes  the  retina  is  transparent,  we  se«  no  part  of  it 
with  the  ophthalnioRfO{>e  except  the  blood-vessels.  At  most  we  find  the  red 
fundus  in  the  immediate  neighborhood  of  the  papilla  covered  by  a  delicate 
gray  veil  which  shows  a  radiating  fine  striation  and  which  is  the  re|)res(;ntative 
of  I  he  layer  of  nerve- fibers  of  the  retina,  w^hich  in  this  situation  is  still  i|uite 
pronounced.  In  children  vivid  reflexes  often  exist  which  are  estwcially  pro- 
nounced along  the  vcrsseLs,  change  their  place  with  every  movement  <if  the  mir- 
ror, and  give  the  retina  a  luster  like  that  of  watered  silk.  Wc  must  sivoid 
regarding  these  as  pathological  opacities  of  the  retina.  The  region  of  the 
retina  that  is  most  injpjrtant  for  vision,  the  vmetiht  lutrn,  with  the  ftivca  cen- 
tralis,  is  just  the  |>art.  that  has  very  few  distinctive  ophthalmoscopic  features. 
Wo  find  it  with  the  ophthalmoRCO])e,  if  we  go  a  distance  of  1^  to  2  diameters 
of  the  papilla  outwanl  from  the  miter  border  of  the  papilla.  Here  we  come 
upon  a  region  devoid  of  vessels  which  is  somewhat  darker  than  the  rest  of  the 
fundus.  Directly  in  its  center,  corresponding  tu  the  sitiiatiitn  of  t!ie  fovea  cen- 
tralis, we  see  a  bright  jKiint  or  a  small,  crescent ie  sp«it,  cau.*ed  by  reflection  of 
the  li^ht  from  the  shelving  wall  of  the  retinal  dejiression  (Fig.  5,/).  In  the 
inverted  image  the  macula  lutea  is  n.>]ircseutfd  by  a  fine  white  line  which  foniisa 
horizontal  oval  of  about  the  size  of  the  {wpilla.  The  region  inclosed  by  the  line 
in  colored  a  dark  brownish  red  and  sometimes  has  in  its  center  a  little  bright 
dot.  Those  apiK-nrances.  too,  are  nothing  more  than  reflexes  produced  by  the 
light,  and  like;  the  white  spot  in  the  erect  image  are  not  constantly  present. 

The  nxl  background  on  which  the  appearances  above  described  are  visible 
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Ls  raatle  by  the  eJu/rioid.  This  owes  its  red  color  to  tin-  hluod  circulating  iu  the 
cborioidal  vesscla,  and  especially  in  the  cupillaries.  That  the  individual  ve»- 
aels  are  not  themselves  reco^izt.-«!,  that  on  the  contrary  the  fundu«  appeora 
uniformlT  red,  ia  due  to  the  fact  tliat  the  pigment  epithelium  covers  the  chori- 
old  like  a  murky  veil.  A  finely  granular  condition  of  the  chorioid,  such  as  is 
often  perceived  in  the  erect  image,  is  causicd  by  the  cells  of  this  pigment  epi- 
thelium. Under  certain  circumstances,  however,  the  acsscIs  also  of  the  chori- 
oid  are  risible.     We  »iliserve  this  chietl>'  under  two  conditions,  viz,  : 

(1.)  In  many  eyea  the  interspaces  between  the  chorioidal  veseels  (the  so- 
cnlled  interva-scular  spacoK)  have  an  especially  profuse  pigmentation,  so  that 
they  stand  out  a.*  dark  oblong  inlands;  the  bright-red  striae  running  between 
them  and  anastomosing  everj'where  with  each  other,  correspond  to  the  chori- 
oidal vessels  which  are  chiefly  veins.  8ueh  a  fundus  is  said  to  be  taaelaUd 
(Fig.  68);  it  is  often  confounded  with  chorioiditis  by  beginners. 

(3.)  In  other  eyes,  on  the  contrary,  it  is  the  abnormally  scanty  pigmentation 
of  the  fundus  that  permits  the  vascular  system  of  the  chorioid  to  be  seen;  the 
epithelial  layer,  on  account  of  the  imduly  small  amount  of  pigment  which  it 
contains,  allowing  the  chorioidal  vessels  to  appear  through  it.  This  is  in  the 
greatest  degree  the  CA.se  in  albinos,  who  are  entirely  devoid  of  pigment.  In 
these  the  whole  network  of  chorioidal  vessels  down  to  the  most  delicate  rami- 
flcation  stands  out  upon  the  pale-red  background. 

The  chorioidal  vessels  are  always  easy  to  distinguish  from  retinal  vessela. 
The  chorioidal  vessels  are  broader,  le8.s  sharply  defined,  and  look  flat  and  rib- 
bon like  ;  they  lack  the  reflex  streak.     In  opposition  to  the  retinal  vesseia, 


FlO.  10.— OOKBBCnu!«  UK  MVOPJA  BY  A  OuNCAVI  LESS. 

Ttw  eye  (8  drawn  of  th«  natural  «tze  of  a  myopic  ey«  bteriag  an  axial  length  of  87  mm. 


which  branch  after  the  manner  of  a  tree  and  do  not  anastomose,  they  form  by 
their  numerous  ana.stomo.ses  a  dense  network  with  oblong  meshes. 

Determination  ok  the  Refraction. — Tlie  following  example  servea  to 
explain  how  the  refmction  can  be  dotemiinetl  with  the  aid  of  the  erect  image  : 
Suppose  the  eye  to  be  examined  (.1,  Fig.  10)  to  he  myopic,  with  its  far  point  at 
Fäo  that  the  rays  coming  from  fare  united  on  Ihe  retina  at /(see  §  143).  F 
voAf  are  conjugate  foci,  and  the  course  of  the  rays  is  therefore  the  same  if  they 
should  proceed  in  the  ojipositc  direction — i.  e.,  fromy' toward  F  \  in  that  ca.«*, 
they  would  be  united  at  F,  us  they  emerge  from  the  eye.  A  point. /"of  the 
retina,  illuminated  by  the  ophthalmoscope,  will  thcu  emit  a  bundle  of  rajB  cou- 
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Tjrlng  at  F  \  aQ<l  at  this  distJincc  there  is  produced  a  clear  imnge  of  the  illu- 
jniited  fundus.  The  observer's  eye,  whicli  is  placed  at  a  short  distance  (a  few 
Dtimctres)  from  the  eye  A,  would  catcli  the  nivs  emitted  from  the  latter, 
Ion  tbey  were  united  at  F — that  \&y  while  they  still  had  a  certain  aiuount  of 


KlO.    II. — t'uIlttllTlKN    ijr    llvi'EllMKTHUl'Il    UV    A    l^i.NVEX    I.KNS. 

Xtit  0fm  li  dnvb4ir  Um»  natural  Kiaeof  a  txypermetropic  eye  haTing  an  axial  l^ni^h  of  21  mni. 

eonvergence.  But  tlie  observer's  eye,  unless  it  were  hypermetropic,  i«  not  in  • 
poiiilinn  to  unite  convergent  mys  into  a  sharp  ima^>.  If  the  eye  is  emmetropic, 
ac>  we  will  a'j^ume  it  to  be,  the  rays  whieh  fall  upon  it  must  first  be  niudf  par- 
allel, which  evidently  is  nccomplishcd  by  a  concave  lens,  L.  Now,  how  is  this 
lens  rrlatiHl  to  the  dejn"W'  of  myopia  of  the  eye  under  invcslig'iition  ?  If  we  inl- 
ine the  course  of  iho  rays  reversed,  llieti  pnnilU-l  my»  coniinf;  from  in  front  and 
ling  upon  the  leiis  L  would  be  ren<lerc'd  by  the  latter  so  diver^'cnt  that  tliey 
would  come  to  a  focus  upon  the  retina  of  the  myo|)ic  eye  ;  the  myopic  eye 
accordingly  would  p't  sharp  vision  with  this  lens  for  parallel  ray» — that  is,  raya 
oomin^  from  an  infinite  diütance.  L  would  therefore  be  the  correcting  glass  for 
the  myopia  of  the  eye,  A.  We  can  hcnco  say  thiR  :  In  order  that  an  emmetro- 
pic obNerver  should  see  clearly  the  fundus  of  the  myopic  eye,  J,  he  must  um 
the  same  gla.<u9  that  will  correct  the  myopia  of  this  eye.  If.  therefore,  an  em- 
metropic observer  has  to  determine  the  refraction  of  a  myopit;  eye  with  the 
ophthalmoscoite,  he  keeps  placing  concave  glasses  before  it  until  he  finds  one 
with  which  he  gets  a  sharp  view  of  the  faadn»  in  the  erect  image  ;  the  glass 
employed  gives  directly  the  degree  of  the  myopia.  Tlie  same  principle  holds 
gTMjd  for  hypermetroi)ic  eye^,  only  that  convex  instead  of  concave  glasses  are 
rri|uired.  The  rays  emitted  from  the  hyfx-rmetropic  eye,  ^1  (Fig.  Uj,  »ire 
divergent,  and  the  more  so  the  higher  the  hypermetropia  is.  The  convex  glass, 
A,  which  is  reqidrcd  in  a  given  ra.se  of  hyptirmetropia  in  order  to  render  par- 
allel the  divergent  rnys  eniergiiig  from  the  eye  and  thus  make  it  possible  for 
the  emmetropic  observer  to  j>erceive  the  fundus,  is  the  same  as  that  which  ren- 
dvn  rays  falling  upon  the  eye  in  a  parallel  direction  so  convergent  that  they 
are  united  upon  the  retina,  and  is  therefore  the  gla.ss  which  corrects  the  hyper- 
metropin.  Hence  the  degree  of  hyf>eniietropiu  of  the  eyp  under  examinatinn  i« 
given  immcilialely  by  the  convex  lens  with  which  the  emmetropic  observer  see« 
the  fundus  distinctly. 

How  is  it  in  those  caises  in  which  the  physician  himself  is  not  emmetropic  ? 
In  that  cfiiif  he  must  simply  correct  in  addition  his  own  ametropia,     If,  for 
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instaoce,  an  eTntnetrn[)e  is  examining  an  eye  having  a  myopia  of  2  D,  he  needs 
for  this  pur|)ose  —  2D.  If  the  obHervi;r  himself  should  have  n  myopia  of  8  D, 
he  would  have  to  take  in  addition  —  3D  for  himself  ;  hence  he  would  employ 
a  glass  of  —  5  D.  If  the  observer  were  a  hypermetrope  of  1  D,  he  would  need 
+  1  D  for  the  correction  of  his  own  ametropia  ;  this,  in  combination  with  the 
—  2D  which  are  required  for  the  eye  under exuminntion,  gives  a  lens  of  — ID. 
A  similar  procedure  must  be  adopted  in  those  frequently  occurring  cHsee  in 
which  the  observer  is  indeed  emmetropic,  but  can  not  completely  relax  his 
aci-ommodation  during  the  ophthalmoscopic  examination.  H«  in  then  to  be 
regarded  a»  a  myope,  inai^much  as  he  has  to  neutralize  his  residual  accommo- 
dation by  a  correspond  ing  concave  glass. 

The  determination  of  the  refraction  can  evidently  be  conducted  for  every 
point  by  itself  of  the  visible  fundus.  8o  we  establish  the  degree  of  astigma- 
tism by  making  accurate  adjustment  first  for  the  vertical,  then  for  the  horizon- 
tal vessel»  running  over  the  [wpilla,  and  determiniDg  the  refraction  for  both  sep- 
arately. If  a  |)oint  in  the  fundus  projects  above  its  surrouudings,  as,  for 
instance,  the  swollen  {mpilEa  in  neuritis,  the  axis  of  the  eye  corresponding  to 


Fia.  IS.— Fabau^ctic  DlspLACiuts.vT  ur  tbx  Imvertku  Lhaue  ur  Fuints  ur  tbk  FvxDUa, 

LVtMO  AT  DirnCRKKT  Levxu*. 


this  point  is  shorter — that  is,  there  is  a  hypermetropia.  By  detenniniog  the 
degree  of  the  hyp<-nnetropia  we  can  compute  the  height  of  the  prominence. 
Conversely,  a  jwint  of  the  fundus  which  lies  farther  back  (for  example,  the 
bottom  of  an  excavation  )■  ])Osse»8es  myopic  refraction,  from  which  the  linear 
measure  of  the  amount  of  depression  can  lie  found.  As  the  basis  of  this  com- 
putation the  rule  holds  that  a  difference  of  level  of  about  one  millimetre  cor- 
responds to  a  difference  of  refraction  of  8  f). 

Differences  of  level  of  the  fundus  »re  also  made  apparent  in  the  inverted  im- 
age by  panillfietic  dhplnennent.  We  proceed  for  this  purpose  by  moving  the 
convex  lens  which  serves  for  the  production  of  the  inverted  imago  a  little  up 
and  down  during  the  esamliiiition.  If  the  point.««  of  thf  fundus  which  we  have 
fixed  upt)n  lie  all  in  the  same  jjlane,  they  do  nut  change  their  relative  position 
to  each  other  with  the  shifting  of  the  convex  lens.  If,  on  the  contrary,  a  dif- 
ference of  level  exists  between  them,  we  notice  a  dis])lacement  with  relation  to 
each  other,  so  that  they  now  come  nean-r  together,  now  go  farther  apart.  Fig. 
12  may  elucidate  what  tak<«8  place.     Ix't  u  \>c  a  point  on  the  edge,  b  a  point 
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behind  it,  on  the  bottom  of  an  excAvation  of  the  optic  nerve.  If  the  convex 
lens  stiuids  at  I,  the  images  of  the  two  points  »t  and  bi  fall  behind  each  other 
cover  each  other.  If  tlie  convex  lens  is  now  brought  to  li,  the  iumge  of 
the  point  a  la  repnHiuced  at  a,,  that  of  b  at  ft,;  the  points  appear  to  have  sepa- 
rattnl  from  i-at-h  other.  Had  tlie  convex  leas  been  carried  in  the  opposite  di- 
rvction,  the  apparent  displacement  of  the  two  |K)intä  would  have  taken  pkce 
in  the  oppoüiite  sense ;  it  would  have  looked  as  if  the  edge  of  the  excavation 
liad  be<rn  drawn  over  the  bottom  of  it.  From  the  magnitude  of  the  displnce- 
ID«nt  the  diflerencc  of  level  of  the  two  points  can  be  estimated,  but  can  not  be 

i'  CJtaetly  computed,  as  is  possible  with  the  aid  of  the  erect  image. 

It  is  also  possible  to  determine  the  refraction  with  the  itirertfd  image  by  the 
method  of  Schmidt-Rimpler.  Finally,  there  is  a  method  of  determining  the 
nsfractiou,  in  which  wo  do  not  require  to  see  the  fundus  distinctly.  This  is  the 
method  of  keratoscopy  (also  called  pui)iIlüscopy,  retinoscopy,  and  skiascopy), 
jvered  by  Cuignet,     This  is  in  brief  ms  follows:   We  place  ourselves  at  a 

pttataoce  of  mther  more  than  one  metre  from  the  patient,  and  by  means  of  a 
concave  mirrt>r  throw  light  into  the  pupil,  so  that  the  latter  in  illuminated  and 
a|ipeara  red-  If  now  the  mirror  is  rotated  slightly  about  its  vertical  axis,  a 
bbdc  shadow  appears  at  the  edge  of  the  pupil,  and,  if  the  mirror  is  rotated 
more  «trongly,  spreads  over  the  whole  pupil  until  the  latter  is  completely  dark- 
ened. From  the  direction  in  which  the  shadow  moves,  we  can  detennine  the 
of  refraction  of  the  eye  under  examination.     In  myojüa  of  at  lejLst  1  D, 

~the  shatlow  moves  in  the  same  sense  as  the  mirror;  in  bypermetrojjia  and  abo 
in  emroetropia,  and  in  myopia  of  less  than  1  D,  it  move«  in  the  contrary  sense. 
Suppose,  for  example,  that  we  have  before  us  a  myope.  As  we  turn  the  mirror 
Intra  right  to  left,  a  shadow  appear«  on  the  right  margin  of  the  pupil,  and  from 
there  travels  across  to  the  left  margin  (left,  that  is,  as  seen  by  the  ohserver), 
and  therefore  move-s,  like  the  mirror,  from  right  to  left.  In  imler  now  to  osti- 
roate  the  degree  of  the  error  of  n-fractiou,  we  place  the  appropriate  glasses  in  a 
trial-frame  »et  before  the  observed  eye.  Wit!»  a  myo|K*  we  keep  adding  continu- 
ally stronger  concave  glasses  until  we  come  to  a  glass  with  wliich  the  course  of 
the  shadow  is  reversed — that  is,  the  shadow  moves  in  a  direction  contrary  to  that 
in  wliich  the  mirror  is  rotÄted.  This  glass,  plus  1  D,  gives  the  degree  of  the 
myopia.  With  hypermetropes  we  keep  abiding  convex  glasses  until  the  shadow 
is  rvvemed  and  travels  in  the  same  direction  as  that  in  which  the  mirror  ro- 
tates: this  glo««,  less  1  D,  cjrresponds  to  the  degree  of  the  hypermctropia. 

Tili»  method  is  of  gn-at  simplicity;  of  all  methods  it  is  the  easiest  to  learn 
■ad  has  the  advantage  that  in  it  the  refrHCtion  and  accommodation  of  the  ob- 
■errer  do  not  need  to  be  considered.  Withal  it  gives  as  exact  rcsulta  as  any 
ODtf  of  the  other  methods. 
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4-  Besides  instituting  the  objective  examination,  we  have  further 
to  teat  the  function  of  tlie  eye  In  doing  this  we  are  limited  almost 
entirely  to  the  statements  of  the  ptitient,  so  tliat  in  this  respect  we  are 
quite  dependent  upon  the  hitter's  intelligenc:e  and  goo<l-will. 

Our  visual  sensations  are  of  three  different  kinds,  inasmuch  as  in 
looking  tit  objects  we  take  cognizance  of  their  form,  their  color,  and 
their  brightness.  The  faculty  by  which  we  recognize  the  form  of  ob- 
jects is  culled  the  space-sense,  and  finds  itü  nunierinal  expression  in  the 
visual  acuity  j  the  faculty  by  which  wo  distinguish  colors  constitutes 
the  color-fiense ;  the  faculty  by  which  we  distinguish  different  degrees 
of  brightness  constitutes  the  light-sense.  These  three  faculties  are 
resident  in  the  retina  throughout  its  entire  extent,  although  in  very 
different  degrees.  In  this  regard  we  must  distinguish  between  central 
and  peripheral  vision. 

Cenft'iit  or  ilirect  vision  is  vieion  with  the  fovea  centralis.  Wlien 
we  wish  to  see  an  object  distinctly,  we  "  fi.x  "  it — that  i.s,  wo  turn  the 
eye  in  such  a  way  as  to  make  the  image  of  the  object  fall  upon  the 
fovea  centralis,  as  the  latter,  on  account  of  its  peculiar  anatomical 
structure,  gives  us  the  sharpest  vision  tlnit  we  are  capable  of.  It  is 
with  reference  to  central  vision  that  we  test  the  refraction,  the  accora- 
modatiou,  and  the  visual  acuity.  For  more  precise  particulars  iu  re- 
gard to  these  tests,  gee  the  third  part  of  this  book»  which  treats  of  the 
optical  defects  of  the  eye. 

Feripficral  or  indirect  nsion  is  vision  with  those  ])arts  of  the  retina 
which  do  not  belong  to  the  fovea  centralis.  Since  the  fovea  centralis 
never  measures  more  than  one  half  millimetre  in  diameter,  the  parts 
concerned  in  periplieral  vinion  con)]jrise  by  far  the  greatest  part  of  the 
retina  Vision  with  the  peripheral  portiou  of  the  retina  atfurds  a  less 
distinct,  a  duller  sensation,  of  which  we  can  best  get  an  idea  by  hold- 
ing the  outspreiul  fingers  of  oiir  hand  to  one  side  of  tlie  eye,  wliilc  the 
latter  is  looking  straight  ahead.  The  farther  from  the  fovea  ceiitralia 
is  the  image  produced  npon  the  retina,  the  more  indistinct  is  the  aen- 
sation  which  it  excites. 
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Of  what  use,  then,  is  peripheral  vision,  if  we  can  get  no  well-defined 
pertreption«  with  it?  We  can  beat  understand  this  by  observing  per- 
iMius  who  huTe  lost  ]ieripherul  vision  to  sucli  un  extent  that  only  the 
fovea  centralis  and  its  immediate  vicinity  retdiiu  their  functional 
activity,  as  happens  in  many  diseases,  especially  in  retinitis  pigmentosa, 
Such  jxjrsons  can  sometimes  still  read  the  tlncst  print,  and  yet  are  in 
no  condition  to  go  about  alone.  We  can  put  ourselves  in  this  condi- 
tion if  we  fttBten  in  front  of  the  eyes  a  long  tube  which  allows  us  to  see 
only  the  point  lying  directly  in  front  of  our  line  of  vision.  We  can 
not  go  about  with  such  an  apparatus,  because  we  strike  against  objects 
everywhere.  Peripheral  vision,  therefore,  is  of  service  in  orientation. 
How?  If,  as  we  are  walking,  we  look  straight  before  U8  and  there  is  a 
stone  lying  in  our  path,  the  latter  forms  an  image  in  the  periphery  of 
the  retina  of  our  eye,  in  this  case  in  the  upper  part  of  it.  The  stone, 
to  be  «»re,  is  not  distinctly  |)erceived,  bnt  still  it  excites  our  attention. 
Our  gaze  is  then  directed  at  it ;  it  is  seen  directly  ;  we  recognize  it  as 
an  obstacle,  and  avoid  it.  The  same  thing  happens  if  we  go  out  ujwn 
the  street  and  men  come  towanl  us  from  one  side,  etc.  The  images 
falling  upon  the  periphery  of  the  retina  give  us  warning  signals  which 
mftke  ua  cast  our  eye  directly  upon  the  objects  wliich  excite  the 
images.  In  this  regard,  it  is  of  great  advantage  that  it  is  just  the 
peripheral  portions  of  the  retina  that  have  a  high  degree  of  sensibility 
Cor  the  perception  of  movement  (Exner),  so  that  our  attention  is  at- 
trecU'^d  most  surely  by  monng  objects. 

6.  Examination  of  the  Field  of  Vision. — The  examination  of  the 
field  of  vision — that  is,  of  the  limits  of  in<lireet  vision — must  be  made 
for  each  eye  separately.  The  eye  examined  is  directed  at  a  fixed  point, 
in  order  that  it  may  thus  remain  steadily  in  the  same  position,  while 
the  other  eye  is  kept  closed. 

The  simplest  way  of  investigating  the  extent  of  the  field  of  vision 
18  by  using  the  hand  as  a  teat-object.  The  physician  places  himself 
directly  in  front  of  the  patient  and  at  a  short  distance  from  him  ;  the 
]>atient  fixes  his  gaze  upon  the  eye  of  the  jthysiciiiii,  wliich  is  opposile 
to  him.  The  physician  now  gradually  moves  his  hand  from  the  periph- 
ery inward  over  the  limits  of  the  field  of  view  ;  the  patient  must  tell  as 
soon  a«  he  sees  the  hand.  In  this  way  the  physician  has  in  his  own  eye 
a  means  of  judging  the  field  of  view  of  the  patient ;  if  this  is  normiil, 
the  patient  must  see  the  hand  at  the  same  time  that  the  physician  dues 
with  his  eye.*  This  method  is  sufticiently  exact  for  the  recognition  of 
the  larger  encroatrhments  upon  the  visual  field  ;  but  small  defects  can 
not  be  thus  recognized.     It  is  the  only  method  of  testing,  applicable  in 


[•  This  pre8upp<.>s«s  that  the  phrsician  shuts  the  eye  corresponding  to  that  which 
he  is  ejcamiiiing  (i.e.,  his  own  left  eye,  if  he  is  examining  the  fwtieul's  left  eye), and 
boldti  hb  hand  in  a  plane  midway  between  the  patient  and  hiiu.><elf. — IJ.] 
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those  cases  in  which  smaller  test-objects  are  no  longer  made  ont,  be- 
canse  the  vision  is  too  poor.  If  the  patient  is  no  longer  in  condition 
to  see  even  the  hand,  we  must  make  use  of  a  candle-flame  which  we 
carry  about  through  the  field  of  vision.  In  tliis  way,  for  instance,  we 
test  the  visual  field  of  a  person  wljo  is  blind  from  cataract. 

We  can  get  at  the  field  of  vision  more  exactly  by  means  of  a  black- 
board. We  place  the  patient  before  this  and  take  care  that  during  the 
examination  the  distance  between  the  eye  and  the  board  remains  always 
the  same  (e.  g.,  30  cm.).  Directly  op])osite  the  patient's  eye  we  make 
a  mark  on  the  blackboard  witli  chalk,  and  direct  him  to  fix  his  gaze  on 
this  mark  during  tlie  exaniiiiation.  The  chalk  is  now  gradually  brought 
from  the  edge  of  the  blackboard  to  its  center,  and  the  patient  is  to  tell 
at  what  moment  he  first  sees  it.  By  marking  on  the  blackboard  the 
limits  of  the  visual  field  in  every  direction  and  connecting  the  points 
thus  determined,  we  fix  the  extent  of  the  field  of  vision.  The  size  of 
he  latter  is,  of  course,  in  direct  proportion  to  the  distance  from  the  eye, 
at  which  it  is  received. 

Even  this  method  is  not  entirely  free  from  drawbacks,  which  spring 
from  the  difficulty  of  projecting  a  hollow  sphere  upon  a  plane.  The 
most  important  drawbacks  are  the  following:  Unequal  distances  in  the 
field  of  vision  correspond  to  equal  distances  on  the  retina.  Thus,  in 
Fig.  13,  the  distances  ma  and  he  upon  the  retina  are  equal,  each  corre- 
sponding to  an  angle  of  ten  degrees.  In  the  field  of  vision  projected 
on  the  board,  TT,  however,  tlie  section  (from  70°  to  8U°)  that  corre- 
sponds to  the  second  re^on  of  the  retina  ia  many  times  greater  than 
that  (from  0°  to  10°)  which  corresponds  to  the  first  Hence,  a  spot 
upon  the  retina  of  definite  size  that  has  become  insensitive  to  light 
would  in  such  a  visual  field  appear  as  a  gap,  the  size  of  which  would  be 
quite  different  according  as  it  is  nearer  to  or  farther  from  tlie  center, 
and  tlius  mistakes  might  be  caused,  A  second  evil  is  that  the  whole 
of  a  normal  visual  field  does  not  find  a  place  on  a  plane,  be  the  latter 
ever  so  large.  The  normid  field  of  vision,  that  is,  extends  outward  to 
90°  and  more.  Therefore,  as  ia  c\ident  from  Fig.  13,  the  temporal 
limit  of  the  visual  field  can  never  be  projected  on  the  board. 

After  what  has  been  said,  therefore,  there  is  only  one  exact  method 
of  representing  the  visual  fiehi,  and  that  is  the  projection  of  it  upon  a 
hollow  sphere  (Anbert).  Fpon  this  principle  different /jfTtw^/PM  are 
constructed.  To  Förster  belongs  the  credit  of  having  introduced  this 
inatrunient  into  ophthalmic  practice,  ^'orstcr's  perimeter  consists,  not 
of  a  complete  hemisphere,  but  of  a  metallic  semicircle  (Fig.  13,  P) 
which  represents,  as  it  were,  one  meridian  of  the  hemisphere.  The 
semicircle  is  capable  of  being  revolved  so  as  Uy  take  the  direction  of 
each  meridian  in  succession.  The  patient  supports  his  head  on  a  chin- 
rest  which  is  so  placed  in  front  of  the  semicircle  that  the  eye  to  be  ex- 
amined is  situated  in  the  center  of  curvature  of  the  latter.    In  the  ex- 
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animation,  the  eye  mast  be  fixed  upon  the  middle  point  of  the  semicir- 
cnljir  arc,  while  the  mark  thut  sorvt-s  for  the  test  is  carried  to  and  fro 
aloug  ihe  latter.     A  scale  of  degrees  marked  upon  the  semicircular  arc 
enables  us  to  read  off  directly 
the  situation  of  the  boundary 
of  the  visual  field,  and  the  re- 
sult obtained  is  tninsf erred  to 
a  diagram  (Fig.  14). 

6.  Extent  of  the  Field  of 
Vision. — The  normal  field  of 
vision»  as  a  glance  at  the  ap- 
pended diagram  (Fig.  14) 
shows,  does  not  by  any  means 
extend  equally  far  in  all  di- 
rections. It  stretches  farthest 
toward  the  external  (tempo- 
ral) side,  where  ithuäun  extent 
of  over  90".  Accordingly,  we 
can  still  see  objects  on  the 
temporal  side,  although  they 
lio  in,  or  even  somewhat  be- 
hind, a  plane  passing  through 
the  pupil  (for  example,  the 
point  0  in  Fig.  13).  This  is 
rendered  possible  by  the  fact 
that  the  rays  from  such  a 
f»o>nt  undergo  such  strong  re- 
fraction at  the  surface  of  the 
cornea  that  they  can  still  en- 
ter the  pupil.  The  field  of 
vision  is  much  less  extensive 
in  other  directions,  especially 
to  the  inside,  and  to  the  in- 
side and  below.  The  cause 
of  this  is  to  be  sotight  for  in 
the  fact  that  the  nose  and  the 
eyebrows  project  into  the  Held 
of  view  and  limit  it.  This 
obstacle  can  indeed  be  par- 
tially overcome  by  making 
suitable  rotation  of  the  head 
while  the  field  of  vision  is 
being  examined,  but  even  then  we  never  find  the  fit^ld  of  vision  as 
extensive  on  the  nasal  side  as  it  is  on  the  temporal.  The  cause 
of  this  is  that  the  margin  of  the  percipient  layers  of  the  retina  dot^s 
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not  extend  as  far  forward  on  tlie  temponil  side  as  ou  the  nasul  (Fig. 
13,  d  and  e). 

The  pathnhujifiil  nUcrafioHH  of  the  visual  field  congist  in  its  curtail- 
ment. This  is  eitlior  pruitucfd  bv  h  pushing  in  of  the  boundary  of  the 
visual  field  at  some  jjoint,  or  it  ofcurs  under  the  form  of  gaps  lying 
like  islands  inside  of  the  field  of  vision. 

Narrowing  of  the  visual  field  at  the  pcripherif  presents  varying 
characters.     If  the  limits  of  the  visual  field  are  brought  nearer  to  the 
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center  from  all  points  alike  we  speak  of  a  concentric  contraction. 
When  this  is  considerable,  it  rei^nlts  in  that  incapacity  for  orientation 
which  has  been  alreaily  deseribe<J,»hhnujrh  it  may  be  that  direct  vision 
(visual  acuity  in  the  narrower  sense)  is  still  quite  pood.  In  otlicr  cases, 
the  contnif'tion  extends  from  one  side  only  of  tlie  periphery  into  the 
visual  field.  If  it  has  the  sliape  of  a  triangle  whose  base  corresponds 
to  the  periphery  of  the  visual  field,  it  is  called  a  sector-shaped  contrac- 
tion.    A  ]>eeuliar  variety  of  contnutiuu  of  the  visual  field  is  the  hemi- 
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opic,  in  which  exactly  one  half  of  the  field  ia  i**anting  (see  §101  and 
Figs.  87  iiuil  S8). 

laiand-like  gaps  in  the  visual  field  aro  called  scofiminta*  One  of 
these  exists  in  the  healthy  eye  at  that  point  of  the  visual  field  which 
corresponds  to  the  entrance  of  the  optic  nerve,  and  is  known  as  Mari- 
otto's  blind  ejwt  (Fig.  14,  M ).  In  the  field  of  vision  it  lies  about  15* 
to  the  outride  of  the  point  of  fixation,  F,  The  ecotomata  which  occur 
•8  the  result  of  disease  have  a  very  different  significance  for  vision  ac- 
cording to  their  situation  ■  and,  according  to  the  latter,  we  distinguish 
them  into  central  and  peripheral.  A  central  scotoma  is  one  which  in- 
volves the  point  of  fixation.  In  this  ease  direct  vision  is  either  greatly 
diminished  or  is  abrogated  altogether.  The  patient  can  no  louger  ilo 
any  fin«  work,  although  his  power  of  orientation  remains  intact.  rLTi])h- 
eral  scotomata  cause  little  disturbance  of  sight,  eßj)ecially  if  they  lie 
far  from  the  point  of  fixation,  in  which  case  they  may  not  come  to  the 
patient'«  knowledge  until  his  visual  fii-ld  is  being  examined.  A  special 
variety  of  scotoma  is  the  annular,  which  encircles  the  point  of  fixation 
like  a  ring  (which  is  not  always  completely  closed),  but  leaves  intact 
the  point  of  fixation  itaelf. 

Yoa  Ornefe  was  the  first  to  call  attention  to  the  importance  of  testing  the  vis- 
ual field  in  ophthulmic  practict«.  He  showed  that  for  many  intm-ocukr  discaRes 
tliere  are  special  varieties  of  contmction  of  the  ^^suHl  field,  which  are  more  or 
len  cluinicteri8tic  of  thei<e  di^ea^ieä,  and  cüu  be  utilized  fur  their  diaguosia. 
SiBce  then  the  study  of  the  viHUul  tield  has  been  miicli  eullivated,  so  that  at 
prefl«at  it«  examinution  has  great  .significance,  both  for  diagnosis  and  prognosis. 

Cunc«otnc  contraction  of  the  visiml  field,  associated  with  retention  of  good 
ccntml  vision,  we  meet  with  especially  in  retinitis  pigmentosa,  and  eometimes 
also  in  glatucoma.  In  other  diseases  which  arc  frequently  iu>c'om|>anied  by  con- 
centric contraction  of  the  visual  field,  as,  for  instance,  in  atroph v  of  the  optic 
nerve  or  of  the  retina,  ccutrul  visiua  is  also  simultaneously  and  markedly 
affected. 

We  find  the  sector-shaped  deficiencies  especially  in  atrophy  of  the  optic 
nerve;  also  in  occlusion  of  one  of  the  larger  retinal  arteries,  when  the  sector- 
stkapvd  district  of  the  retina  supplied  by  such  au  artery  has  its  function  abro- 
g»t*KL  We  observe  more  extensive,  although  not  triangular,  contractions  of  the 
visaal  field  in  detachment  of  the  retina,  and  these  most  often  extending  in  an 
upward  direction,  since  the  detachment,  if  of  long  standing,  generally  involves 
Ihr  lowermost  part  of  the  eye.  In  glaucoma  a  contraction  of  the  visual  field 
tuwnrtl  the  nasal  side  is  of  relatively  fretpient  occurrence. 

ScotomHt,'»  ar«  most  fn-quently  met  with  in  diseuses  of  the  fundus  with  cir- 
cumscribed lesions;  cs|»erially,  therefore,  in  chorioiditis  di.s.seminata,  in  which, 
as  a  rule,  the  gap«  in  the  visual  field  correspond  to  the  separate  maculee  visible 
with  the  ophthalmoscope.  So  long  as  these  gap«  affect  the  peripher}'  only  of 
the  visual  field,  they  cau.«e  little  disturbance  of  sight.  If  they  are  very  numer- 
01M,  the  visual  field  acquires  a  sieve^like  character.     If,  finally,  one  of  the  cho- 
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rioiditic  masses  is  localized  at  the  region  of  the  chorloid  corrpsponding  to  the 
yellow  spot  the  visual  power  is  rery  considt-rably  depressed  by  the  fonoatioD 
of  a  central  »cotonia  in  addition  to  those  in  the  j>eriphury. 

Isolated  central  Hcotomata  occur  in  diseases  of  the  chorioid  at  the  posterior 
pole  of  the  eye,  especially  as  a  result  of  syphilis  and  of  myopia  of  a  high  de- 
gree. In  the  latter,  moreover,  hamorrhagt»  into  the  macula  lutea  very  often 
occurs  with  a  central  scotoma  as  a  sequel.  In  this  way  many  myopes  lose  their 
visual  power,  which  hitherto  has  been  sufficient  for  their  need«,  and  become 
incapable  of  working.  In  all  these  cases  there  corresponds  to  the  Fcotoma  a 
change  in  the  macula  hitea,  visible  with  the  ophthalmosco|)e.  In  another  series 
of  cases,  on  the  eontniry,  a  central  scotoma  exists,  while  the  result  of  the 
ophthalmoscopic  examination  is  negative;  the  cause  of  the  scotoma  is  then  to 
be  looked  for  in  the  optic  nen'e.  In  the  latter  it  is  just  those  fibers  which  sup- 
ply the  region  of  the  macula  lutea  that  are  the  most  favorite  seat  of  disease 
(in  retro-bulbar  neuritis ;  see  §  103). 

As  the  expression  scotoma  is  used  in  different  senses,  it  will  require  in  this 
place  a  more  precise  explanation.  We  distinguish  between  positive  and  nega- 
tive scotomata  (Förster). 

By  a  positive  teot^ma  we  understand  a  dark  spot  which  the  patient  perceives 
in  his  visual  field — projects,  that  is,  upon  some  ]>ortion  of  his  visual  field.  The 
Cttuse  of  a  positive  scotoma  lies  either  in  the  refracting  media  or  in  the  retina. 
Opacities  in  the  refracting  media  throw  their  shadow  upon  the  retina,  and  are 
therefore  visible  as  dark  spots.  If  the  opacities  lie  in  the  vitreous  the}-  are 
motile  (muscHj  volitantes),  and  the  scotomata  caused  by  them  arc  characterized 
as  motile  scotomata.  Fixed  scotomata  originate  either  from  stationary  opaci- 
ties (e.  g.,  those  in  the  len«),  or,  still  more  freipitntly,  from  changes  in  the 
fundus  <e.  g.,  from  an  exudation  in  the  retina  or  in  the  chorioid  adjacent  to  it). 
Scotomata  of  the  latter  kind  are  best  brought  to  light  by  making  the  patient 
fix  his  gaze  upon  a  uniformly  bright  surface  (e.  g.,  a  sheet  of  white  jiaper). 
They  are  often  more  readily  perceived  if  the  illumination  is  at  the  same  time 
diminished  (as  by  letting  down  the  window  curtains).  We  can  direct  the 
patient  to  make  a  copy  of  the  dark  »pots  that  become  visible  upon  the  paper, 
and  from  this  we  cati  determine  the  position  and  extent  of  the  diseased  portions 
of  the  retina. 

We  cliuracterizc  as  a  negatir>e  leot^ina  a  hiatus  in  the  visual  field,,  an  isolated 
spot  within  the  confines  of  which  the  patient  does  not  perceive  any  external 
objects.  Buch  a  scotoma,  accordingly,  is  not  discovered  as  a  rule  until  the 
visual  field  is  examined.  But  there  ia  nothing  to  prevent  a  negative  scotoma 
from  being  at  the  same  time  a  positive  one  too ;  the  same  diseased  regions  of 
the  retina  that  are  insensitive  to  external  luminous  impressions  can  at  the  same 
time  be  themselves  perceived  as  dark  spots  and  be  projected  exteriorily. 

Negative  «cotomata  are  divided  into  absolute  and  relative.  An  absolute  sco- 
toma is  present  if  within  its  limits  all  perception  of  light  is  wanting,  while  with 
relative  scotomata  the  jwrceptiou  of  light  is  merely  diminished.  We  discover  a 
relative  scotoma  by  making  the  examination  of  the  visual  field  with  small  ob- 
jects, and  especially  by  choosing  colored  objects  for  this  purpose.  For  with  a 
certain  diminution  of  the  visual  [)ower  the  ability  to  distinguish  colors  accu- 
rately disappears,  while  the  outhnes  of  objects  can  still  be  recognized.  For  ex- 
ample, in  a  recent  case  of  chronic  ])oisoning  by  nicotine,  the  vistial  field,  meas- 
ured with  the  aid  of  a  white  test-object,  may  seem  quite  normal;  but  if  a  small 
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p«per  disk  is  chosen  for  the  exaoiination  there  is  a  small  region  in  the 
<»nter  in  which  the  disk  is  no  longer  recognized  aa  red.  A  relative  scotoma  is 
present,  and  thut,  moreover,  a  color-«cotoma  (scotoma  for  red). 

Even  in  the  normal  visual  field  the  percoption  of  colors  ia  not  ever^'whcre 
the  tuiue.  Just  as  in  regard  to  the  visual  acuity,  so  also  in  regard  to  the  color- 
sense,  a  distinction  must  be  made  between  central  and  peripheral  color- 
perception.  While  the  former  is  tested  by  the  mere  exhibition  of  colored 
sample«,  the  latter  must  be  investigated,  just  like  the  visual  field,  by  using  as 
test -objects  colored  marks,  which  are  moved  to  and  fro  on  the  boarrl  or  on  the 
perimeter.  By  such  examinations  it  has  been  proved  that  the  most  peripheral 
(x>rtions  of  the  retina  are  color-bl'md.  If  a  colored  substance  is  pushed  from 
the  periphery  of  the  visual  field  toward  the  center,  the  person  examined  at 
flnt  reooignizes  only  the  presence  of  a  moving  object.  It  is  not  till  the  sub- 
stance apimmchea  nearer  the  center  of  the  visual  lield  that  its  color  is  correctly 
given.  The  moment  when  this  occurs  is  not  the  same  for  all  colors,  some 
being  recognized  further  out  from  the  centttr  than  others.  The  visual  field 
for  green  is  the  smallest,  thut  für  red  somewhat  larger,  that  for  blue  the 
laigwt  (see  Fig.  14),  while,  as  has  been  said,  the  extreme  periphery  of  the 
visual  field  is  quite  color-blind. 

The  examination  of  the  visual  field  with  colored  objects  is  of  great  practical 
importance.  For  instance,  we  and  in  one  cose  the  visual  field  normal  when 
tested  with  white,  while  the  examination  with  colors  shows  already  a  consider- 
able introcession  of  its  borders  at  one  npot.  After  some  time,  if  the  disease  has 
progressed,  we  now,  on  testing  with  white,  establish  the  same  deficiency  in  the 
visual  field  that  had  before  existed  for  colored  objects  only.  The  examination 
with  colors  is  accordingly  a  more  delicate  test  than  that  with  white;  it  makes  us 
disooTer  n  diminution  of  the  visual  ]x>wcr  before  it  has  advanced  so  far  that  a 
white  object  can  no  longer  be  recognized.  If,  therefore,  we  take  two  cases  in 
which  the  visual  field  for  wldte  is  cqimlly  Iftrge,  but  the  visual  field  for  colors  is 
oneqiinl,  that  case  in  which  the  visual  field  for  colors  is  smaller  affords  the 
worse  prognosis,  since  here  a  still  further  diminution  of  the  general  visual  field 
is  to  be  expected.  Itapid  diminution  of  color  perception  is  pre-eminently 
associated  with  the  progres.sive  lesions  of  the  optic  nerve  that  lead  to  blind- 
Bess.  The  examination  of  the  visual  field  with  colors  is  also  requisite  for  the 
recognition  of  central  acotomata,  so  long  as  they  are  not  absolute. 

Lioht-Sekse. — Let  us  assume  that  we  have  before  us  two  jieraons  who  in 
ordinary  daylight  have  the  same  visual  acuity;  both  under  equally  good 
illumination  read  print  of  the  same  size  at  the  same  distance.  We  now  gradu- 
ally lessen  the  illumination.  As  a  rcHult  of  this,  the  di^erence  in  brightness 
between  the  black  letters  and  the  white  pajwr  diminishes  and  the  letters  arc  dia- 
tinguiahed  with  greater  and  greater  difficulty.  At  a  certain  stage  in  the  {jroceaa 
of  obscuration,  one  of  the  two  person«  ceases  to  recognize  the  print  while  the 
other  is  still  able  to  read,  and  the  darkening  has  to  l>e  carried  further  in  order 
to  make  reading  impossible  for  him.  In  this  case  we  sa^' :  The  two  persons  have 
the  same  »pace-sense,  i.  e.,  the  same  susceptibility  of  the  retina  for  impressions 
of  forms,  but  they  have  a  different  light-sense  (L) — i.  e.,  a  different  suscepti- 
bility for  impressions  of  brightness  and  of  differences  of  brightness. 

The  light-sense  can  be  tested  in  various  ways.  We  determine  either  the 
lowest  limit  of  illumination  with  which  an  object  is  still  visible  (minimum 
stimiilus)  or  the  smallest  difference  in  brightness  which  can  still  be  appreciated 
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(miRimuni  of  difTereutiation).  Tbe  most  usua]  method  of  measuring^  the  light- 
sense  is  with  Förater's  photometer,  which  gives  the  minitnuin  stimulua.  A  box,  A 
(Fig.  15),  blackened  on  the  inside,  l)eiirs  on  its  anttrior  wall  two  ajiertures  for 
the  two  ejes,  «  tiiid  ",,  wiiicli  look  through  these  apertures  tit  a  pliite,  T,  which 
is  placed  u|Hin  tlio  posterior  wall,  and  \i\wtx  which  large  black  stripes  upon  a 
white  ground  art'  j>luceti  a«  tuHt-objects.  The  illumination  is  produced  by  % 
normal  candle,*  L,  the  light  from  which  falls  through  a  window,  F,  iato  the 
interior  of  the  box.  In  order  to  make  the  iUumiuatioii  perfectly  uniforra,  the 
window  )»  covered  with  paper  which  is  made  translucent  (by  impregnating  it 
with  fat).  By  a  »crew,  .S,  tbe  size  of  the  window  can  be  altered  from  complete 
closure  up  to  an  aperture  of  fiv«;  square  centimetres.  lu  this  way  the  illumina- 
tion of  the  plate  i»  VÄricd.  The  patient  is  then  made  to  look  into  the  appa> 
ratus  with  the  window  closed  and  the  plate  therefore  unjllumined.  Then  the 
window  ia  slowly  opened  until  the  stripes  upon  the  plate  can  be  recogtmed. 
The  size  of  the  opening  requisite  for  this  purpoee  gives  a  measure  of  the  light- 
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sense  of  the  person  examined.  In  conducting  this  examination  the  precaution 
must  Ik:  adopted  of  making  the  person  that  is  examined  stay  beforehand  in 
darkriesii.  If  we  come  from  daylight  into  a  moderately  darkened  room  we  see 
so  little  for  the  first  moment  tlmt  we  can  not  move  about  wMthout  stumbling 
over  the  objects  in  the  room.  The  longer  we  remain  in  the  latter  the  Ix'tter 
vre  Bee,  and  at  last,  perhap.«*,  see  well  enough  to  l)e  able  to  read.  This  we  call 
adaptnfum  of  the  retina.  In  the  examination  of  the  light-sense,  a  period  of 
adaptation  of  ten  minutes,  which  the  patient  mu.st  pass  with  bandaged  eyes  in 
a  jierfectly  dark  room,  is  sufficient  for  prneticnt  purposes. 

The  examination  of  the  light-sense  in  diffcrent  di-seases  has  shown  that  it  ia 
not  always  liy  any  means  diminished  in  proportion  to  the  visual  acuity,  but  i» 
sometimes  but  little  diminished,  sometimes  excessively  so,  a  circumstance  from 
which  diagnostic  jraints  may  be  gathered.  The  diminution  of  the  light-sense 
is  greatest  in  those  cases  which  are  characterized  tm  hcmeralopin  (see  §  105). 

StMUT-ATioN  OK  Bmndsess. — In  testing  Itie  function  we  shall  at  times  have 
to  reckon  with  the  fact  that  the  patient  is  purposely  trying  to  lead  the  physician 
astray  by  simulating  blindness  or  weakness  of  sight  when  these  do  not  exist. 
This  most  frequently  occurs  with  those  persons  who  wish  to  be  relieved  of  mil- 
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Hvy  serrice  or  who  wish  to  get  testimony  as  to  their  inability  to  work  ;  aome- 
tSntes  aljM)  with  childrcu,  hysterical  persous,  etc.  We  are  first  led  to  su8]><>ct 
•fanulution  by  the  lack  of  agreement  between  the  results  of  the  functional  tout- 
ing and  of  the  objective  examination  ;  an  eye,  for  example,  which  ia  alleged  to 
Ixr  perfectly  blind  presenting  no  pathological  changes  of  any  sort.  Or  the 
tests  of  tiie  individual  functions  give  contradictory  results,  inasmuch  n»  the 
riaual  acuity,  the  field  of  vision,  the  color-Hcnse,  etc,  do  not  stand  in  the  right 
relation  with  each  other  ancl  with  the  result  of  the  objective  examination. 
Various  method»  of  cxauiinatiun  have  been  proposed  for  furnishing  a  certain 
proof  of  simulation ;  we  «hall  accomplish  thin  more  or  less  readily  by  their  aid 
according  to  the  degree  of  »kill  of  the  simulant.  Only  >(ome  of  these  methods 
DC«<1  be  here  a<lduced. 

Complete  blindnc8.<4  of  both  eyes  is  rarely  simulated;  much  oftener  it  is 
■imply  unilateral  blindness  that  is  alleged  ;  and  still  more  frequently  a  focble- 
uetm  of  sight  actually  present  in  one  ere  is  exaggerated  (aggravation).  In  tite 
«aw  of  an  alleged  complete  blindness  of  one  or  both  eyes  we  regard  in  the  first 
pitm  the  reaction  of  the  pii|j)l  to  the  hgbt.  If  thi«  la  well-preserved,  it  will 
alunys  sfford  a  strong  ground  for  suspecting  simulation,  although  there  are 
rare  canes  in  which  in  the  pro.oence  of  actual  blindness  the  pupillary  reflex  for 
light  is  still  retained.  Schniidt-Uimpler  R-rommenda  the  following  procedure; 
Tlie  patient  i.s  made  to  look  with  the  blind  eye  at  bis  own  hand,  which  he  holda 
in  front  of  him.  A  blind  man  will  <ln  this  without  hesitjitit^m  since  he  is 
informed  of  the  position  of  his  hand  by  the  sense  of  feeling  ;  n  malingerer  will 
perhaps  look  purixiscly  in  the  wrong  direction.  Simulated  uniluteral  blindness 
can  aifto  lie  discovered  in  the  following  way:  A  hghted  candle  h  brought  in 
fh>nt  of  the  good  eye  and  is  slowly  carried  toward  the  side  of  the  blind  eye. 
The  patient  is  detected  if  he  declares  that  he  still  sees  the  candle  nt  the  mo- 
ment when  it  is  just  concealed  from  the  sound  eye  by  the  dorsum  of  the  nose 
(Cuignet). 

Tlte  following  methods  are  furthermore  of  service  in  detecting  the  simula- 
tiou  of  unilateral  blindnes.s  or  amblyopia. 

1.  We  make  the  patient  read,  and  then  hold  a  pencil  in  a  vertical  din-ction 
between  the  eye  and  the  book.  If  there  is  vision  with  only  one  eye  the  (lencil 
eoDoeahi  certain  wonls  from  it,  and  thus  interferes  with  reading.  If.  however, 
there  b  g<x)d  vision  with  both  eyes,  those  letters  which  arc  concealed  from  one 
eye  by  the  pencil  arc  visible  to  the  other,  and  vice  versa,  and  reading  is  carried 
on  without  difficulty  (Cuignet). 

2.  A  convex  glass  of  6  D  is  placed  before  the  sound  eye.  In  this  way  the 
«ye  is  made  artificially  myopic,  »o  that  its  far  point  lies  at  a  distance  of  about 
17  cm,  (it  being  pre«up[K)»<»d  that  the  eye  is  emmetropic).  The  eye  can  there- 
for» read  fine  print  only  at  a  distance  of  17  cm.  or  less,  but  no  further.  After 
placing  the  gloss  before  the  eye  we  first  make  the  patient  read  at  ipiite  a  short 
distance,  and  then  slowly  and  impereei)tibly  move  the  book  fnrtln-r  and  farther 
away.  If  it  is  i>os»ible  in  this  way  to  withdraw  the  hook  considerably  fartlur 
than  I?  cm.  without  the  patient's  ceasing  to  read,  it  pn>ve8  that  he  1iii.h  been 
reading  with  the  eye  alleged  to  be  bad.  That  is,  he  Ix'gnn  Heading  with  the 
good  eye  and,  when  the  Iwok  was  carried  too  far  olT  for  that,  continued  with 
the  other  eye,  without  noticing  the  alternation  in  the  employment  of  the  two 


eyes. 


8.  We  make  a  show  of  occupying  ourselves  with  the  sound  eye  only.     We 
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hold  before  the  latter  a  prism  in  such  a  wa}-  that  the  refmctrng  edge  \s  horizon- 
tal and  extends  transverHely  across  the  middle  of  the  pupil.  In  this  caae  two 
images  of  every  external  object  will  be  thrown  upon  the  retina,  one  transmitted 
through  the  free  half  of  the  pupil,  the  other  through  the  half  cMVercd  by  the 
prism,  and  the  eye  sees  double  the  object  upon  which  it  is  fixed  (monocular 
diplopia) — a  fact  which  the  patient  will  admit  without  hesitation,  since,  of 
course,  it  is  the  sound  eye  only  that  is  ctmrenied  in  the  matter.  Now  the 
prism  is  impt'rce[)tibly  pujäbed  along  until  it  covers  the  entire  pupil,  Now  the 
eye  that  is  provided  with  the  prism  again  liaa  only  one  single  retinal  image, 
which,  however,  is  thrown  upon  a  higher  or  lower  |>oint  of  the  retina  than  is 
the  case  in  the  other  eye.  If  now  there  is  still  double  vision  (binocular  diplo- 
pia), it  is  a  proof  that  both  eyes  see.  If  we  use  the  reading-test  for  this  exam- 
ination and  compel  the  person  under  examination  to  read  sometimes  the  upper, 
sometimes  the  lower  of  the  two  double  images,  we  can  determine  directly  the 
visual  acuity  of  each  eye  Beimrately  without  the  patient  being  aware  of  it 
(Alfred  üraefe). 

4.  Snellen  has  constructed  a  board  with  test-types  which  are  alternately  red 
and  green.  To  read  it,  a  pair  of  spectacles  is  put  upon  the  patient,  in  which 
are  introduced  a  red  glai«  for  one  eye  and  n  green  glass  for  the  other,  Tltrough 
the  red  glass  the  red  letters  alone,  and  not  the  green,  can  be  seen,  because 
green  is  the  complementary  color  of  red,  uml,  therefore,  green  rays  are  not  trans»! 
mitted  through  red  glass.  For  the  same  reason  the  red  letters  can  not  be 
percci\'cd  through  the  green  ghuss.*  If,  therefore,  any  one  who  is  blind  in  one 
eye  looks  through  these  spectacles  at  the  test-tyiies,  he  will  read  off  only  th< 
red,  or  only  tiie  green  letters,  according  as  the  red  or  the  green  glass  of  the  spec-" 
taclea  is  placed  in  front  of  the  eye  which  alone  can  see.  He  w  ill  not  once  sus- 
pect that  still  other  letters  of  a  different  color  lie  between  the  letters  that  he 
has  read.  Should  the  patient,  on  the  other  hand,  read  all  the  letters  it  proves 
that  he  sees  with  both  eyes  and  in  such  a  way  as  to  recognize  the  red  letters 
with  one  eye  and  the  green  with  the  other. 

For  the  tests  for  the  motility  of  the  eye  and  for  binocular  vision,  see  $  128. 


[*  This  tost  presupposes  that  the  letters  are  placed  upon  a  black  ground.    Be 
letters  on  a  white  ground  biMiomo  invisible  when  looked  at  through  a  red  glaaa^j 
since  the  latter,  allowing  only  red  rays  to  pass  through  it,  excludes  from  the  whitaj 
ground  surrounding  the  rwi  letters  all  rays  except  Ihfise  which  the  latter  them- 
selves emit,  and  hence  both  ground  and  letters  appear  of  the  same  color.     Red  let- 
ters on  a  black  ground  apjit-ar  much  lighter — indeed,  alnuist  white — when  viewed 
through  a  red  glass.     D.] 
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CHAPTER  I. 
DISEASES  OF   TJIE  CONJUNCTIVA. 

Anatomy. 

7.  The  conjunctiva  coats  the  posterior  surface  of  the  lida  and  the 
iterior  surface  of  the  e^'eball.  It  forma  a  sac,  the  conjunctival  sac, 
which  is  slit  open  anteriorly  in  a  line  correspnndinjr  with  the  piilpi^bral 
fissure.  In  the  conjunctiva  we  distinguish  three  divisions.  That  part 
of  tlie  conjanctiva  which  covers  the  posterior  surface  of  the  lida  and 
which  is  closely  adherent  to  tlio  tarsus  is  called  the  conjunctiva  tarsi ; 
that  division  which  coats  the  anterior  surface  of  the  eyeball  is  the  con- 
junctiva bulbi.  The  connection  between  the  two  is  formed  by  the 
thirxl  division,  which  we  name  the  transitional  part  of  the  conjunctiva 
(conjunctiva  foruicis).  That  region  whore  the  conjunctiva  is  reflected 
from  the  lids  to  the  eyeball  and  which  forms  the  bottom  of  the  con- 
junctival sac  is  called  the  fornix  conjunctiva?. 

We  get  a  view  of  the  conjunctiva  tarsi  in  the  living  eye  by  evert- 
ing the  lida.  it  has  a  smooth  surface  and  is  intimately  and  immova- 
bly adherent  to  the  subjacent  tarsus  (Fig.  IG,  /).  (It  is  thcrefure  im- 
possible to  cover  up  losses  of  substance  of  the  paljwbral  conjunctiva 
by  performing  an  ojwration  to  draw  the  wljncent  conjunctiva  over 
them,  as  is  often  done  with  the  conjunctiva  bnlbi.)  On  account  of  its 
thinness,  the  conjunctiva  Uirsi  allows  the  Meibomian  glands,  which  lie 
ID  the  tarsus  itself,  to  be  f<eon  through  it  clearly. 

The  microscope  shows  that  the  palpebral  conjunctiva  is  cover«(.i 
with  a  laminated  cylindrical  epithelium,  The  mucous  inemUrune 
proper  is  uf  adenoid  character — that  is,  even  in  the  liealthy  state  it 
conttunsan  abundant  quantity  of  round  cells  (tyiuph-eorpuscles),  which 
notably  increase  in  number  with  every  inflammation  of  the  conjunctiva. 
Of  glands  it  possesses  acinous  mucous  glanda,  which  «re  fotnid  along 
the  convex  border  of  the  ttirsus  (Fig.  ]<;,  w;  Waldcyer) ;  analogous 
glands  (Krause's  glands)  are  also  present  in  the  fornix  conjunctivaä. 
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The  conjunctiva  of  the  uppur  lid  obtains  its  blood-supply  from  two 
arterial  iirehes,  tlio  arcus  tarseiis  superior  (/i.s-,  Fig.  IG)  and  the  arcus 
tarseus  inferior  (fa,  Fig.  16}.     These  lie  upon  the  anterior  surface  of  the 
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Fro.  16.— PKBmoiODL&a  SsonoK  thbouos  tbk  Opfxh  Ltd.    MAOwimo  B  x  1. 

The  akin  of  the  Ud  prcgteots  in  the  upper  part,  ahov«  a  buIcus,  the  proUK-tin^  fold,  d ;  below.  It 
coTera  th«^  anterior  pdR*  of  the  lid,  r.  tu  llw  »kiti  hth*  fniitnl  flin«  liaint,  c,  r.  swi*at-frlBD(is,  a, 
cIliR,  c.  f.  c.  and  in  tli«  nfiKhlRirJinod  of  I  hi-  UitUT  Z»'iwi's  Klanrts.  i,  nml  »h«"  iiiixUfltHl  swt<aU  ; 
glands,  «.  B^neAth  tho  Rkln  lif  the  fransvi-nH'ljr-divlrloil  humlli-ü  or  (IIhtm  of  (lir*  MrbirultU'ls,  ! 
o,  n,  of  which  thuBf  |)lttt.H*<l  uiotit  iiilernaUy.  r,  r,  form  the  iiiusouIiik  <;{llari»  KioliLCiI.  Thi» 
posterior  surfai*  i>f  Ihf  lid  is  onvennl  1)\-  conjiinctivii  wlik-h  at  tiie  folil  «if  tranxilion.  6, 
efaowH  an  adcinoid  i-harftct<?r,  Imt  over  thf  tarttiis.  t,  »hi.iws  iMipilln".  eniM-olnlly  wher»:  It  cor- 
responda  to  thi-  convex  border,  ro,  of  the  tarstiiN.  The  Meibomian  cIrikLs  y,  have  Ihetr 
orinoes,  m.  In  front  of  the  po«t<?rior  edjre,  h.  of  tlie  lid  :  ahove  Iheni  lie  WuldeVer's  mucous 
elauda,  f ,  and  still  hlifher  MUller'H  inii»M.-uiiiH  paliieliriillM  KU|M>rior.  p,  aud  the  levator  polpe- 
bne  suptirioriü.  /.  From  the  latter  the  leaiih  of  filK'nt.  I.  uaast-n  to  the  fjlcln  of  the  lid.  at  is 
the  arcus  taneUN  superior :  tti.  the  «reus  tonieus  inferior :  from  the  latter  the  rami  per- 
forantas,  rp,  run,  at  nrst  straight  downward,  Uwn  backward,  through  the  Lan»u«. 


tarsus,  near  ita  upper  and  ita  lower  edges.  To  reach  the  rnnjunctiva, 
the  branches  of  the  arcua  tarseus  inferior  {rp,  Fig.  16)  perforate  the 
tarsus  through  its  entire  thickness  from  before  backward,  two  to  three 
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mm.  above  the  free  edge  of  the  lid.  The  line  along  which  the  vessels 
come  out  from  the  tarsus  is  marked  by  a  shallow  farrow  (sulcus  sub- 
tarsalis)  on  the  conjunctival  surface  of  the  lid.  On  the  lower  lid  there 
iä  only  one  arterial  arch. 

The  conjunctiva  of  the  region  of  transition  is  very  readily  brought 
to  view  in  the  lower  lid  by  drawing  the  lid  down  while  the  eye  looks 
up.  In  the  upper  lid,  on  the  contrary,  the  fold  of  transition  is  hard 
to  see,  unless  we  make  a  double  eversion  of  the  lid.  The  region  of 
transition  is  the  loosest  part  of  the  conjunctiva,  this  being  here  so 
abundant  that  it  lies  in  horizontal  folds.  This  arrangement  insures 
the  eye  its  free  power  of  movement  If  the  conjunctiva  were  to  pass 
directly  from  the  lid  to  the  eye,  as  is  sometimes  observed  in  conse- 
quence of  disease  of  the  conjunctiva,  every  movement  of  the  eyeball 
would  bo  transmitted  to  the  lids ;  and  if  one  of  the  lids  was  held  still 
with  the  finger,  the  eyeball  would  be  hampered  by  it  in  its  movements. 
But  the  conjunctiva  is  present  in  such  quantity  at  the  fornix  that  the 
eye  is  able  to  move  in  complete  independence  of  the  lids,  the  folds  in 
the  region  of  transition  being  smoothed  out  or  crumpled  together,  as 
the  case  may  be.  Appearing  through  the  lower  fold  of  transition  are 
the  extensive  subjacent  plexus  of  veins  and  also  the  white  glistening 
fascia.  Its  lax  character  and  also  its  abundant  blood-supply  render  the 
fold  of  transition  particularly  liable  to  great  swelling  in  inflammations 
of  the  conjunctiva. 

The  conjunctiva  hulbi  covers  the  anterior  surface  of  the  eyeball.  It 
has  no  aperture  corresponding  to  the  cornea,  but  continues,  even  if 
with  altered  character,  over  the  latter.  This  continuity  of  the  conjunc- 
tiva makes  it  plain  to  us  why  morbid  processes  of  the  latter  do  not  stop 
at  the  margin  of  the  cornea  but  are  continued  upon  the  surface  of  the 
latter,  as  we  see  very  clearly  in  trachoma  and  in  conjunctivitis  lym- 
phaticji.  The  two  divisions  of  tlie  conjunctiva  buibi  are  distinguished  as 
the  conjunctiva  sclerje  and  conjunctiva  come».  The  conjunctiva  cor- 
neje  is  perfectly  transparent,  and  is  so  intimately  adherent  to  the  cornea 
proper  that  it  must  be  regarded  as  the  uppermost  layer  of  the  latter, 
and  is  better  treated  of  at  the  same  time  with  the  cornea  itself  (see 

The  conjunctiva  sclerje  covers  the  anterior  segment  of  the  sclera  in 
the  form  of  a  thin  pellicle.  It  is  connected  with  the  sclera  by  lax  con- 
nective tissue  (the  episcleral  tissue)  so  loosely  that  it  can  readily  be 
moved  about  from  side  to  side  upon  the  sclera.  It  is  only  at  the  pe- 
riphery of  the  cornea  where  it  ends  in  a  sharp  edge,  the  limbus  *  con- 
junctivae, that  the  conjunctiva  sclera}  is  intimately  adherent  to  its  sub- 
stratum. It  is  very  thin  and  elastic  and  lets  the  white  sclera  be  seen 
through  it  plainly,  thus  forming  the  "  white  of  the  ej'C."    In  old  peo- 

•  Limbiia,  etlge. 
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pie  tlicre  is  a  spot  at  the  inner  and  the  outer  margins  of  the  cornea, 
which  contrasts  by  its  yellow  color  with  this  whiteness.  This  has  the 
shape  of  a  triangle  with  its  base  at  the  corneal  margin,  and  projects  a 
little  above  the  rest  of  the  conjunctiva.  It  is  called  the  interpalpebral 
spot  or  the  ])inguecula,*  and  is  produced  by  the  fact  that  that  part  of 
the  conjunctiva  which,  being  included  in  the  interpalpebral  fissure,  is 
constantly  exposed  to  atmospheric  influences,  has  undergone  an  altera- 
tion in  its  tissues. 

The  conjunctiva  sclera»  is  covered  with  laminated  pavement  epithe- 
lium and  contains  no  glands.  At  the  inner  angle  of  the  eye  it  forms  a 
cresccutic  duplication,  the  semilunar  fold  (plica  semilunaris),  which  rep- 
resents an  abortive  remnant  of  the  palpebra  tcrtia  of  animals.  To  the 
inside  of  the  semilunar  fold  is  a  small,  reddish,  nipple-like  prominence, 
tlie  caruncle,t  which  occupies  the  bottom  of  the  horseshoe-shaped  exca- 
vation at  the  angle  of  the  eye  (Fig.  24,  C).  This  is  shown  to  be  histo- 
logically a  small  island  made  of  skin,  containing  sebaceous  and  sweat 
glands  and  having  its  surface  covered  with  delicate  light-colored 
hairs. 

The  conjunctiva  of  the  eyeball  receives  its  blood-vessels  chiefly 
from  the  vessels  of  the  fold  of  transition — the  posterior  conjunctival 
vessels  (Fig.  17,  o  and  o,).  Furthermore,  the  anterior  ciliary  vessels 
(Fig.  17,  c  and  c,)  take  part  in  supplying  the  conjunctiva  with  blood. 
These  vessels  come  from  the  four  recti  muscles  (A',  Fig.  17)  and  run 
under  the  conjunctiva  (through  which  they  are  visible,  shining  with  a 
bluish  luster)  until  near  the  edge  of  the  cornea,  where  they  suddenly 
disappear,  since  they  pass  through  the  sclera  into  the  interior  of  the 
eye.  But,  before  this  happens,  tliey  give  off  branches  which  end  in 
vascular  loops?,  in  the  limbus  conjunctivae  directly  at  the  margin  of  the 
cornea  (marginal  network  of  the  cornea — q.  Fig.  17).  This  latter  is 
of  great  importance  for  the  cornea  which  is  chiefly  dependent  upon  it 
for  its  nutrition.  Other  branches  of  the  ciliary  vessels  (anterior  con- 
junctival vessels,  p.  Fig.  17)  run  backw^ard  in  the  conjunctiva  toward 
the  posterior  conjunctival  vessels  and  anastomose  with  them. 

We  have,  therefore,  in  the  conjunctiva  two  vascular  systems — that 
of  the  posterior  conjunctival  vessels  and  that  of  the  anterior  ciliary 
vessels.  According  as  the  one  or  the  other  system  is  overdistended 
with  blood,  the  conjunctiva  has  a  different  aspect,  which  we  designate 
resi)octively  as  conjunctival  and  as  ciliary  injection. 

Conjunctival  injection  jM-esents  to  us  a  superficially  disposed  net- 
work of  larger  and  smaller  vessels,  whose  situation  in  the  conjunctiva 
can  be  demonstrated  by  the  fact  of  their  being  capable  of  displace- 
ment along  with  the  conjunctiva.  The  color  of  the  injection  is  a  vivid 
scarlet  or  brick-red ;  the  individual  vascular  meshes  are  plainly  to  be 


•  Pinguis,  fut.  t  Caruncula,  dim.  of  caro,  flesh. 
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recognized.    This  injection  is  characteristic  of  diseases  of  the  con- 
junctiva itself. 


Fio.  17.— Bixkji>-Vbsselh  of  the  Eyk  (.Sciigmatic.  apter  Leber). 

The  retinil  ttyiilrm  of  iviiid-U  is  ilfrivt-d  from  tli»»  ci-ntral  artery,  a.  nnil  tlic  cvutral  vein,  o,,  «f 
th;'  optio  nervp,  which  Kive  uiT  the  rt>tiiml  aru-ri^-s,  li,  auil  the  retinal  veius,  b,.  These  eud  at 
the  or*  s»«rrjitA.  Or. 

The  «vnff'/H  itf  rilinry  r<-iuifh  in  fe<l  hv  the  iKwterior  sliort  ciliary  arteries,  c,  c,  the  ixisteriiir  Xong 
ciliiiry  Brterie«,  (/,  anil  the  anterior  eiliary  arterii-s,  f.  From  thes»?  arise  the  rasoulnr  net- 
work'of  the  ch  >riolilal  eapillaries,  /.  and  of  tiie  ciliary  txKly,  g,  and  the  circuliis  arteriosus 
Iriili«  ninjor,  h.  From  thin  Unt  spring  the  arteries  of  tlie  iris,  i,  which  at  the  lesser  linner) 
eircunifi-rence  »t  the  latter  form  the  elreiilns  arteriosus  iriilis  minor,  /;.  Tlie  veins  of  the 
iris.  I,,  of  the  ciliar)'  Ixidy,  and  of  the  cliorioid  an-  collected  into  the  vasa  vorticosa,  / ;  thostt 
vein«,  however,  that  i^oiue  from  llie  ciliary  mascle  <m)  leave  the  eye  as  anteric)r  ciliary 
veins.  •>,.    With  the  latter  Schleriim's  cimal,  n,  fonns  anastoniofwti. 

Thv  »yiifrm  ofcimjiinrtirtti  vrntflA  consists  of  the  ixwterior  c>>njunotival  vessels,  oando,.  Tlienc 
commimicate  with  those  liranchi-s  of  the  anterior  ciliary  vessels  which  niii  to  lUfi't  them: 
that  is,  with  the  anterior  conjunctival  vessels,  ;i.  aixl  form  with  these  the  marginal  loofw  of 
the  cornea.  17.  (K  optic  nerve  ;  N,  its  sheath  :  .Sc,  sclera  ;  A,  churioid  :  A',  retiuu  ;  L,  tens ; 
//.  cornea  ;  k,  iutt>riial  rectus ;  B,  coujunctiva. 
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Ciliary  injection  occurs  as  a  rose-red  or  pale-violet  zone  round  the 
cornea  (hence  the  designation  peri-  [circum-]  corneal  injection),  in 
which  we  are  unable  to  recognize  clearly  any  individual  vessels.  With 
injection  of  greater  intensity  we  see,  still  farther  removed  from  the 
cornea,  a  coarser  network  of  vessels,  which  are  to  be  recognized  as 
deeply  placed  by  tlieir  violet  color  and  their  hazy  appearance ;  by  the 
fact,  moreover,  that  when  the  conjunctiva  is  displaced  they  do  not 
move  with  it.  Ciliary  injection  is  most  markedly  distinguished  from 
that  of  the  conjunctiva  by  its  violet  hue  as  well  as  by  the  diffuse  ap- 
pearance of  the  redness,  due  to  the  fact  that  the  individual  engorged 
vessels  are  recognized  either  indistinctly  or  not  at  all.  Ciliary  injection 
most  frequently  accompanies  diseases  of  the  cornea,  and  also  of  the  iris 
and  the  ciliary  body,  parts  which  belong  to  the  vascular  district  of  the 
anterior  ciliary  vessels.  On  account  of  the  numerous  anastomoses  be- 
tween the  two  vascular  districts  of  the  conjunctiva,  we  find  both  in- 
jected in  every  inflammation  of  any  great  violence  in  the  anterior  sec- 
tion of  the  eyeball ;  it  is,  however,  still  generally  possible  to  recognize, 
along  with  the  superficial  conjunctival  injection,  the  ciliary  injection, 
more  deeply  situated  and  directly  surrounding  the  cornea. 

The  conjunctiva  of  the  tarsus  is  really  perfectly  smooth  only  in  the  young. 
In  older  persons  we  find  it  having  a  velvety  surface  on  the  upper  lid  toward  the 
angles  of  the  tarsus,  and  often  also  along  the  entire  convex  edge  of  the  tarsus 
(Fig.  10,  CO).  This  condition  of  the  conjunctiva  we  cull  papillary.  In  reality, 
however,  it  is  not,  properly  speaking,  papilliB  which  are  here  found  in  the 
conjunctiva,  but  fine  folds  into  which  the  surface  of  the  somewhat  hypertro- 
phicd  conjunctiva  has  been  thrown.  In  microscopic  sections  through  regions 
of  the  conjunctiva,  which  have  undergone  this  change,  the  transversely  divided 
folds  look  like  papilla:,  between  which  the  epithelial  lining  dips  down  deeply. 
Should  the  sloping  sides  of  two  such  folds  lie  very  close  to  one  another,  the 
epithclial-lincd  depression  between  the  folds  can  in  cross-section  give  the  im- 
pression of  its  being  a  glandular  tube  (»,  Pig.  20).  In  this  way  is  to  be  ex- 
plained the  alleged  new  formation  of  tubular  glands,  which  have  been  found  in 
some  cases  of  so-called  papillary  hypertrophy  of  the  conjunctiva.  Nevertheless, 
it  is  not  to  be  denied  that  true  tubular  glands  do  exceptionally  occiur  in  the  con- 
junctiva, both  normal  and  diseased.  These  are  called,  after  their  discoverer, 
Henle's  glands  (Pig.  21,  d). 

"With  regard  to  the  papillary  character  of  the  conjunctiva  at  the  upper 
lx)r(ler  and  at  the  angles  of  the  tarsus,  it  is  a  question  whether  this  is  ever  to  be 
considered  as  perfectly  normal  and  not  rather  as  a  product  of  repeated  hyperaB- 
mia  of  the  conjunctiva.  The  siune  question  must  be  put  in  regard  to  the  ade- 
noid character  of  the  conjunctiva,  wliich  is  looked  upon  by  many  as  also  the 
rertiduum  left  by  a  j)reviou8  inflammatory  irritation.  Since  this  mucous  mem- 
brane is  exposed  more  than  any  other  to  external  influences,  attacks  of  hyperse- 
miii  of  it  occur  often  to  every  man  in  the  course  of  his  life,  and  these  may 
result  in  ]>ormancnt  alteration  of  the  membrane.  The  action  of  external  injuries 
shows  itself  most  plainly  in  forming  the  pinguecula.  This  corresponds  pre- 
cisely to  that  region  of  the  conjunctiva  which  is  most  expo.sed  to  wind,  dust, 
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etc.  ThU  interpalpebral  spot  owes  its  name  pinguccula  to  its  yellow  color, 
wtiich  was  formerly  referred  to  deposition  of  fat  in  the  conjunctiva.  What 
actually  exists,  however,  is  a  thickening  of  the  conjunctiva,  chiefly  as  the  result 
of  an  increase  in  the  number  and  size  of  its  elastic  fibers.  Associated  with  this 
is  the  formation  of  numerous  concretions  of  a  yellowish  colloid  substance,  to 
which  in  fact  the  pingucculu  owes  its  yellow  color.  As  a  result  of  these  changes, 
the  conjunctiva  in  this  place  becomes  less  -transparent,  for  which  reason  the 
Pinguecula  appears  most  prominent  when  the  conjunctiva  bulbi  is  markedly 
reddened,  whether  from  injection  or  from  extravasation  of  blood.  In  this  case 
the  Pinguecula  does  not  allow  the  red  color  of  the  blood  to  shine  through  aa 
plainly  as  dot-»  the  adjacent  conjunctiva  that  is  not  thickened,  and  the  former, 
therefore,  stands  out  from  the  red  substratum  in  the  form  of  a  light-colored 
triangle,  so  that  by  beginners  it  is  easily  confounded  with  a  diphtheritic  infil- 
tration of  the  conjunctiva,  or,  when  the  yellow  color  is  pronounced,  with  a  small 
pustule. 

I.  Conjunctivitis  Catarriialis. 
(a)  Conjunctivitis  Catarrhalis  Acuta. 

8.  Symptoms. — Acute  conjunctival  catarrh,  in  the  lighter  cases, 
chiefly  affects  the  conjunctiva  of  the  lids  and  of  the  region  of  transi- 
tion. The  conjunctiva  of  the  lids  presents  a  vivid  redness  and  is  re- 
laxed. The  injection  is  usually  reticulate — i.  e.,  the  separate  vessels 
can  still  be  distinguished  as  such ;  it  is  only  when  the  injection  is  espe- 
cially dense  that  the  conjunctiva  acquires  a  uniformly  red  appearance. 
The  surface  of  the  conjunctiva  is  smooth ;  catarrh  is  tlius  distinguished 
from  some  other  forms  of  iuflammation  of  the  conjunctiva  in  which 
the  latter  is  infiltrated  and  subscquenlly  liyportrophied,  as  shown  by 
the  unevenness  of  its  surface.  The  fold  of  transition  (as  well  as  the 
semilunar  fold)  is  likewise  greatly  reddened  and  is  somewhat  swollen, 
while  the  conjunctiva  bulbi  shows  little  or  no  change. 

The  Kivenr  are  distinguished  from  the  lighter  cases  by  the  fact 
that  the  process  invades  the  conjunctiva  bulbi.  The  redness  and  swell- 
ing of  the  palpebral  conjunctiva  are  greater,  and  moderate  a?dema  of 
tlie  lids  is  often  present  at  the  same  time.  Very  frequently  we  find 
in  the  midst  of  the  reticulate  injection  red-colored  spots — i.  e.,  small 
hiemorrhages,  eochymosos  of  the  conjunctiva — i)roduced  by  rujjture  of 
small  vessels.  The  severer  cases,  in  which  the  conjunctiva  is  affected 
throughout  its  entire  extent,  are  designated  under  the  name  of  ophthal- 
mia catarrhalis,  to  distinguish  them  from  the  lighter  forms,  which  arc 
named  conjunctivitis  catarrhalis  without  qualification. 

Inflammation  of  the  conjunctiva  is  accomj)anied  by  increased  secre- 
tion from  the  latter.  The  secretion  of  the  conjunctiva  appears  under 
the  form  of  flakes  of  mucus,  swimming  in  the  abundant  lachrymal 
fluid.  The  more  intense  the  inflammation  the  greater  the  secretion, 
and  the  more  the  character  of  the  latter  changes  from  mucous  to  puru- 
lent.   Violent  cases  of  o]>hthalmia  catarrhalis,  therefore,  are  in  their 
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inception  often  bard  to  distinguish  from  an  acute  blennorrhoea  of  light 
intensity,  althougli,  of  course,  the  subsequent  development  of  the  case 
makes  the  diagnosis  clear.  The  secretion  whicli  exudes  from  the  pal- 
pebral fissure  dries  at  night  upon  the  edges  of  the  lids  and  glues  them 
together. 

The  subjective  symptoms  consist  of  copious  lachrymation,  photopho- 
bia, and  itching  and  burning  of  the  eyes.  The  intensity  of  the  annoy- 
ance given  depends  naturally  upon  the  degree  of  inflammation.  Vio- 
lent pains,  however,  are  but  rarely  present,  and  then,  as  a  rule,  are 
excited,  not  by  the  catarrh  itself,  but  by  its  complications  (especially 
ulcers  of  the  cornea).  A  very  troublesome  sensation  that  is  frequently 
present  is  that  of  a  foreign  body  being  in  the  eye,  caused  by  flakes  and 
filaments  of  tough  mucus  in  the  conjunctival  sac.  If  such  filaments 
lie  upon  the  cornea,  they  produce  the  disturbances  of  sight  of  which 
the  patients  sometimes  complain.  These  are  distinguished  from  visual 
disturbances  of  more  serious  character  by  the  fact  that  clear  vision  is 
immediately  restored  by  brushing  the  mucus  off  with  the  lids.  It  is  a 
characteristic  feature  of  catarrh  that  all  its  disagreeable  characters  are 
least  pronounced  in  the  morning,  and  afterward  gradually  increase 
until  they  reach  their  highest  point  in  the  evening. 

Course. — This  is  favorable  in  uncomplicated  cases,  the  inflamma- 
tion disappearing  spontaneously  after  from  eight  to  fourteen  days. 
Not  infrequently,  however,  there  remains  a  condition  of  chronic  in- 
flammation (chronic  conjunctival  catarrh),  which,  to  be  sure,  causes 
less  annoyance  than  the  acute  stage,  but  which  is  yet  protraöted  over 
a  comparatively  long  time.  In  the  majority  of  cases  acute  conjuncti- 
val catarrh  attacks  both  eyes,  either  both  simultaneously  or  one  eye  a 
few  days  after  the  other. 

The  complications  which  are  observed  in  catarrh  are  corneal  ulcers 
and  iritis.  The  development  of  corneal  disease  is  manifested  by  an 
increase  in  the  pain  and  photophobia.  At  first  we  recognize,  in  the 
neighborhood  of  the  corneal  margin,  small  gray  points,  which  are  ar- 
ranged in  a  row  concentric  with  the  corneal  margin.  On  the  days  fol- 
lowing, these  punctate  infiltrations  of  the  cornea  become  more  numer- 
ous and  at  length  confluent,  so  as  to  form  a  small  gray  crescent.  By 
a  process  of  superficial  disintegration  an  escavation  is  produced,  so 
that  finally  a  crescentic  ulcer  is  formed,  situated  very  near  the  corneal 
margin  and  concentric  with  it.  Such  ulcers  are  characteristic  of  con- 
junctival catarrh  and  are  hence  called  catarrhal  ulcers.  Ordinarily 
the  ulcer  becomes  clean  quickly  and  heals,  leaving  behind  it  a  slight 
arcuat«  opacity ;  in  cases,  however,  that  are  of  especial  intensity,  per- 
foration of  the  cornea  may  occur.  The  existence  of  a  corneal  ulcer  is 
frequently  a  cause  of  iritis — a  contingency,  indeed,  which  is  observed  in 
ulceration  of  the  cornea  of  every  sort ;  but  a  violent  catarrh  can  also  be 
complicated  with  iritis  directly,  without  a  corneal  ulcer  being  present 
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The  complications  above  mentioned  are  observed  only  in  severe 
cases — that  is,  only  in  ophthalmia  catarrhalis.  They  very  often  owe 
their  existence  to  faulty  treatment  of  the  catarrh.  Among  tlie  laity, 
all  sorts  of  household  remedies  are  in  use  for  inflammation  of  the  eyes, 
such  as  the  application  of  raw  meat,  or  of  bread  soaked  in  milk,  or  of 
cooked  onions,  or  a  bathing  with  urine,  etc.  Such  remedies  are  well 
adapteil  to  increase  the  inflammation  and  produce  complications.  But 
even  simple  warm  or  cold  compresses  can  have  the  same  results. 

Etiology. — Atmospheric  influences  are  the  most  frequent  canse  of 
catarrh.  Mere  refrigeration  is  not  to  be  reckoned  among  those;  on  the 
contrary,  we  have  to  do  with  influences  which  are  still  unknown  to  us. 
Possibly  there  is  a  special  contagium  which  is  transmitted  through  the 
atmosphere.  This  noxious  inflncnce  makes  itself  felt  more  at  certain 
seasons  than  at  others,  so  that  catarrh  of  the  conjunctiva  occurs  with 
especial  frequency  at  these  times.  For  instance,  this  is  the  case  in  the 
spring,  when  so  many  people  are  attacked  by  catarrhs  of  the  air-pas- 
sages, by  coryza,  coughs,  etc.,  and  at  the  same  time  conjunctival  catarrhs 
too  are  generally  present  in  especially  great  number.  At  this  time  real 
epidemics  of  conjunctival  catarrh  occur,  and  under  these  circumstances 
it  is  the  violent  form  (ophthalmia  catarrhalis)  which  is  prevalent.  Dur- 
ing such  :.n  epidemic,  contiigion,  effected  by  a  transmission  of  the  se- 
cretion from  one  individual  to  another,  probably  plays  a  part  in  spreafl- 
ing  the  disease.  This  can  occur,  especially  among  children  belonging 
to  one  family,  by  the  indiscriminate  use  of  towels,  handkerchiefs,  etc. 
Hence,  even  though  conjunctival  catarrh  is  in  general  but  slightly  con- 
tagious, we  must  still,  in  violent  cases  with  much  secretion,  |>ay  atten- 
tion to  this  factor  of  contagion  and  strive  to  prevent  it. 

Therapy. — By  suitable  treatment  the  duration  of  a  conjunctival  ca- 
tarrh can  be  considerably  shortened  and  the  development  of  a  chronic 
catarrh  prevented.  The  sovereign  remedy  in  all  the  more  intense  cases 
of  catarrh  is  the  cauterization  of  the  conjunctiva  with  nitrate  of  silver. 
This  should  come  into  contact  with  the  conjunctiva  only,  and  not  with 
the  cornea.  In  applying  it,  we  evert  the  lids  so  that  their  conjunctival 
surface  looks  forward.  The  latter  is  then  brushed  over  with  a  two-per- 
cent solution  of  silver  nitrate  and  the  excess  of  the  solution  is  quickly 
washed  off  with  lukewarm  water  or  with  a  weak  solution  of  salt.  Wo 
now  find  the  surface  of  the  conjunctiva  covered  with  a  delicate  bluish- 
white  pellicle.  This  is  the  superficial  slough  which  the  solution  has 
produced.  The  immediate  result  of  this  procedure,  which  is  called 
touching  the  conjunctiva,  is  violent  burning  and  marked  irritation  of 
the  eye,  an  increase,  in  short,  of  all  the  inflammatory  phenomena  (stage 
of  exacerbation).  After  this  has  lasted  from  a  quarter  to  half  an  hour, 
according  to  the  energy  of  our  application,  improvement  gradually  sets 
in.  An  examination  of  the  eye  at  this  time  shows  that  the  thin  .slough 
is  separating  and  is  being  thrown  off  in  the  form  of  shreds.    When  this 
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is  completed,  we  find  the  eye  paler  and  the  patient  feels  relieved  and 
much  less  annoyed  by  his  catarrh  than  was  the  case  before  the  applica- 
tion of  the  brush  (stage  of  remission).  This  improvement  lasts  from 
half  a  day  to  a  day,  according  to  the  intensity  of  the  catarrh.  Then 
the  troubles  gradually  increase  again  (recrudescence).  This  is  a  signal 
for  repeating  the  application.  As  a  rule,  it  is  sufficient  to  make  the 
application  once  a  day,  and  best  in  the  morning. 

Beginners  must  particularly  avoid  making  the  application  too  ener- 
getically. If  this  has  been  done,  the  pain  that  follows  the  application 
lasts  uncommonly  long  (an  hour),  and  we  find  that  even  after  a  pretty 
long  time,  indeed  even  on  the  following  day,  the  slough  is  still  adherent 
in  places.  This  is  a  proof  that  the  sloughing  process  has  penetrated 
too  deeply.  If,  in  spite  of  this,  we  should  repeat  the  application,  we 
would  produce  a  progressively  deeper  and  deeper  sloughing  of  the  tis- 
sue, and  increase  the  inflammation  instead  of  curing  it.  We  must 
omit  the  application,  therefore,  as  long  as  the  slough  is  still  adherent 
to  any  part  of  the  conjunctiva. 

Persons  who  are  not  able  to  visit  the  physician  eveiy  day,  can  be 
allowed  to  instill  the  silver  solution  at  home.  Since  by  this  method 
the  remedy  comes  into  contact  with  the  cornea,  we  must  choose  a 
weaker  solution  (J  to  ^  per  cent),  which,  of  course,  acts  less  energeti- 
rtsilly  uiK>n  the  conjunctiva.  This  way  of  employing  the  silver  solution 
is»,  tlierefore,  resorted  to  only  as  a  makeshift  in  those  cases  in  which 
trf!atm<;nt  by  means  of  the  brush  is  inapplicable  from  extrinsic  reasons. 
W'liftn  the  inflammatory  phenomena  have  in  the  main  disappeared,  the 
«liver  «^jliition  is  exchanged  for  collyria  that  act  less  energetically,  those 
n  «nf^ly  that  are  employed  in  chronic  catarrh,  to  which  subject  refer- 
i'.wt:  miiflt  therefore  be  made  for  details  (see  §  9). 

In  »uirlition  to  our  medicinal  treatment  of  conjunctival  catarrh,  we 
iniMt  not  for^'et  to  enjoin  upon  the  patient  general  rules  for  taking 
t-nri'.  of  hirnficlf ;  telling  him  to  keep  the  eye  clean  by  washing  it  with 
liil<«wjiriri  water,  and  to  avoid  smoke,  dust,  and  bjul  air  in  general,  and 
r(';/,infn<!riilin;(  him  instead  to  j^ass  his  time  in  the  open  air.  He  must 
i>].:o  r«fr»iiri  from  straining  the  eyes  much,  especially  in  the  evening  by 
<•»  ii(l<itil  Wffht.  In  consideration,  too,  of  the  possibility  of  the  spread  of 
Mmt  ilt^i;iit,  \,y  fontagion,  of  which  there  is  always  a  chance,  the  patient 
f»iii.;t.  (ilk«:  itiro.  not  to  use  the  same  wash-basin,  towels,  etc.,  with  other 

I»»  «•|>lc. 

^  I'lfilihl  /v.rijiiiifrtivitl«,  also  callctl  conjunctivitis  simplex,  or  by  Stellwag 

'  .'<t(l<  .»iiiii.,*  rntfirrhiiliH,  is,  like  catarrh  of  the  air-iMiswapes,  reckoned  among 

Hk.  .u,  ,  ,,|||.,|  ittüui'xnAvm  diseases  (diseases  produced  by  cold).     This  etiologi- 

I  .1  to  h,,  «„„,  „t  «:».iir>M;,  really  form  the  basis  of  the  catarrh  in  individual  in- 

•  .<•'<  •    I/«. I  ill  I  lit-  (freat  majority  of  cases  it  is  highly  probable  that  there  b 


•  From  oii>9*fffi3s,  a  joining  together. 
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•a  infccUon  of  llie  conjunr.tivA  from  without,  the  morbiilc  mutter  being  brought 
to  the  coDJunctiva  through  the  atmosphere.  We  would  iiutunilly  ho  disposed 
li>  ihiuk  of  this  virus  na  a  mirro-org«i»is<m,  and,  ii8  a  mutter  of  fm-t.  a  j>eculiar 
Btaüu»  hiu  iilri-iidy  tK.*en  found  in  ci-rUiin  form»  of  acute  cnturrh  (Weoks). 
Fivtlier  iiive»tij^«tiona  urc  rt'nuired  to  olcjir  up  this  rnsitter.  The  de|M<n(l<>nce 
of  conjunrtivtti  catarrh  upon  ulmospheric  influences  is  CMjiocittliy  striking  in  that 
form  which  aecompanie«  hity-j'rttr.  This  ntlcction,  which  is  pretty  fre<iucnt  in 
certain  countries,  attacks  individuuls,  who  ar«  predisposed  to  it,  in  the  bcjirin- 
niog  of  the  Kummer,  and  makes  itself  iipjurent  by  fever  and  also  by  violent 
catarrhal  intlammatioD  of  the  conjunctiva  and  of  the  uir-pussagci«.  While  the 
infection  wJtich,  in  nil  probability,  exciter  the  catarrli  of  the  conjunctiva  comes 
to  the  latter  from  without  in  most  cases,  there  are  al*o  inAianco*  in  which  a 
poUonouA  princi]ile  circulating  in  the  blood  causes  the  conjiuictivni  iuHatoraa- 
Uon«  TliJs  is  tlie  cn»e  in  the  conjunctival  catarrh  which  acooiüpnnies  measles, 
aad  uideed  often  forms  the  first  prominent  symptom  of  it.  Tlii.s  form  will 
rccrivF  more  extended  conüideratlou  under  the  head  of  conjunctiviti.s  cxanthe- 
matiua  (M<e  ?  21). 

It  cntarrh  contngioas  ?  Those  caaes  that  arc  associated  with  (K>n>>ii]<.<ra!jle 
•ccntioo  are  probably  contnju^ious  ;  and  yet  it  must  be  admitted  that  itttenipta 
at  artificial  infection  by  transferring  the  »ecrction  to  a  healthy  conjunctiva  are 
■ff  a  rule  unsui-ces^ful  (Piringer^  a  fact  of  whose  truth  I  have  repeatedly  a&surod 
myself. 

From  the  clinical  picture  of  acute  conjunctival  catarrh,  as  sketched  alKive, 
wr  »ometimes  find  variation«  forming  what  are  described  aa  special  varieties  of 
catarrh.  Among  thcsi-  variations  Ixjiongs  the  development  of  so-called yViWiV/«*, 
which  will  be  described  more  precisely  in  §  10.  Another  variety  of  catarrh  i.s 
unirular  cot'trrh,  in  which  the  conjunctiva  of  the  tarsus  Li  covered  with  nuincr- 
nU8  minute  elevations,  looking  as  if  fine  s;uid  had  been  scattered  over  a  moist 
glai*  pljitc  ( Arit).  Tili*  apjwan»nce  is  caused  by  minute  vesicular  bodies  rom%<.*d 
by  tin.'  »cparation  and  elevation  of  the  upper  layer  of  epithelium  bv  mean»  of 
fl'jid.  A  third  vnrioty  nf  cuturrh  is  that  which  is  given  the  name  of  the  piutU' 
btrfarm.  In  thi»s  A«'  elevations  develop  ujwn  the  conjunctiva  bulbi,  nio«tly 
Dear  the  margin  of  the  cornea.  These  break  down  into  pus  on  their  surface, 
and  in  this  wiiy  are  formed  grayish  or  yellowish  ulcers  with  somewhat  elevated 
baae  and  of  the  size  of  a  miilct-seod  or  more.  These  have  a  great  resemblance 
to  the  rtHorescences  occurring  in  ronjunctivitis  lymphntiea  (?  IS).  The  dis- 
tinction between  the  pUHlular  fonn  of  catarrh  and  conjunctivitis  lymphiitiea 
roDAiKt»  in  the  fact  that  in  the  fonner  the  ])hcnomena  of  catarrhal  infliimmation 
ore  present  in  the  coujunclivu  of  the  lids  and  of  the  region  of  transition,  while 
in  conjunctivitis  lymphatica  these  divisions  of  the  conjunctiva  take  little  or  no 
part  in  the  inflammation.  Many  regard  this  form  as  a  mixture  of  conjunctivitis 
mtarrhalis  and  Cünjuneli\iti.s  lymphatica.  And,  as  a  matter  of  fact,  we  must 
lake  thl*  view  into  consideration  in  our  treatment  to  thin  extent  that  in  the 
l>eginning  of  the  disease  the  npplieiition  of  the  silver  solution  onlinarily  prove» 
to  be  the  lK?»it  thing,  but  later,  after  the  more  violent  inflammatory  phenomena 
have  nin  their  course,  cilomel  is  of  the  most  eervice. 

The  three  varietieiJ  of  catarrh  just  named  arc  seen  chiefly  in  children  or  in 
adolcMvnt«.  They  occur  only  as  an  exception  in  adults;  in  the  latter,  on  the 
eootniTT,  we  encounter  much  more  frequently  the  erei*c^>ntic  ulcers  of  the  eomea 
that  mult  from  catarrh,  which  are  but   rarely  observed  in  children.     Several 
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cresccntic  ulcers  may  be  present  in  the  same  eye  at  different  parts  of  the  cir- 
cumference of  the  cornea ;  nay,  more,  by  their  confluence,  an  annular  ulcer  may 
be  formed,  completely  encircling  the  cornea.  In  the  latter  case  the  annular 
opacity  which  is  left  has  a  great  resemblance  to  the  arcus  senilis  corneae  (sec 
§  29).  In  cases  whore  such  an  annular  ulcer  has  penetrated  deeply,  the  very 
detrimental  result  of  a  i>ermanent  ectasia  of  the  cornea  has  been  observed. .  For 
tlie  cornea,  being  very  much  thinned  at  its  periphery  as  a  result  of  the  deep 
gutter  running  round  it,  gives  way  before  the  intra-ocular  pressure  and  moves 
forward  en  masse.  In  this  case  the  region  of  the  cornea,  inclosed  by  the  annu- 
lar ulcer,  lies  like  a  w^atch-gluss  on  top  of  the  marginal  portions  of  the  cornea. 

Nitrate  of  silver,  our  most  important  remedy  in  catarrh,  was  first  employed 
for  inflammations  of  the  conjunctiva  by  St.  Yves  in  the  last  century,  although 
it  was  in  this  century  that  it  first  found  general  acceptation.  People  had  a 
natunil  dread  of  instilling  so  irritating  a  liquid  as  a  nitrate  of-silver  solution 
into  a  violently  inflamed  eye.  In  fact,  in  a  perfectly  sound  eye  this  solution 
excites  violent  irritation  of  the  conjunctiva,  and  it  is  quite  possible  to  produce 
an  artiflcial  catarrh  by  too  frequent  &])pIication  of  it.  How  then  does  it  happen 
that  the  nitrate-of-silver  solution  has  such  a  beneficent  action  in  conjunctival 
catarrh  ?  The  delicate  bluish- white  pellicle  which  covers  the  conjunctiva 
directly  aft«r  the  application  is  due  to  coagulation  of  the  albumin  of  the  cells 
in  the  upper  layers  of  the  epithelium  by  the  nitrate  of  silver,  so  that  these 
layers  become  opaque  and  die.  The  oscharotic  process  acts  like  an  irritant 
which  increases  the  existing  hypera;mia.  This  not  only  gives  rise  to  an  increase 
of  the  annoyance  suffered  (exacerbation),  but  also  induces  an  exudation  under 
the  eschar,  so  that  the  latter  is  loosened  and  finally  cast  off.  We  have  now 
only  to  imagine  that  by  this  exudation  the  vessels  are  unloaded  and  the  byperae- 
mia  consequently  diminished.  If  micro-organisms  should  prove  to  be  the  cause 
of  the  catarrh,  we  might  well  bring  forward  a  better  explanation  of  the  action 
of  cauterization  by  saying  that  the  micro-organisms  contained  in  the  upper 
layers  of  the  epithelium  have,  together  with  the  epithelial  cells,  been  killed  by 
the  silver  solution  and  have  afterward  been  thrown  off. 

Tlie  silver  solution  finds  an  extensive  application  not  only  in  catarrh,  but 
also  in  other  affections  of  the  conjunctiva.  In  regard  to  it  the  following  hints 
maybe  laid  to  heart:  (a)  3Iany  physicians  apply  weaker  or  stronger  solutions 
according  to  the  effect  which  is  to  be  obtained,  but  we  can  always  succeed  with 
a  2-per-ccnt  solution,  since  we  have  it  in  our  power  to  regulate  the  effect  by 
making  a  light  or  a  penetrating  application  with  the  brush,  {b)  The  applica- 
tion should  not  be  made  at  night,  because  the  secretion,  which  is  poured  out 
more  abundantly  after  the  ap])lication,  would  be  retained  in  the  conjunctival 
sac  by  the  closure  of  the  lids  in  sleep.  For  the  same  reason  the  eye  ought  not 
to  be  bandaged  immediately  after  the  application,  (c)  Corneal  ulcers  do  not 
constitute  a  contra-indication  for  making  the  application;  on  the  contrary,  they 
furnish  a  direct  indication  for  it,  in  case  they  prove  to  be  catarrhal  ulcers.  Only 
still  greater  care  than  would  otherwise  be  necessarj-  must  be  taken  to  prevent 
the  caustic  from  coming  into  contact  with  the  cornea,  (d)  If  the  treatment  of 
the  conjunctiva  with  the  silver  solution  is  kept  up  too  long  (for  some  months  or 
a  year),  there  is  produced  little  by  little  a  dirty-gray  coloration  of  the  con- 
junctiva, which  never  afterward  disa])i)ears.  This  phenomenon,  called  argyro- 
sis or  argyria,*  is  caused  by  the  fact  that  silver  is  deposited  in  the  form  of  an 

•  From  ipyvpos,  silver. 
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oxide  or  an  albuminate  in  the  tissues  of  the  conjunctiva  (in  its  elastic  fibers), 
and  can  never  afterward  be  removed.  Argyrosis  is  produced  even  more  readily 
by  the  constant  instillation  of  the  silver  solution  than  by  the  application  of 
the  brush,  since  in  the  former  case  the  excess  of  the  solution  is  not  removed 
by  being  washed  off,  but  remains  in  the  conjunctival  sac.  This  coloration  of 
the  conjunctiva  is  also  observed  when  the  conjunctiva  is  constantly  exposed  to 
the  action  of  silver  dust,  as  occurs,  for  example,  in  many  of  those  who  work  in 
silver. 

In  conjunctival  catarrh,  as  well  us  in  other  affections  of  the  conjunctiva, 
acetate  of  lead  is  also  employed,  partly  as  an  astringent,  partly  as  a  mild  caus- 
tic, and  either  under  the  form  of  a  solution  to  be  applied  on  compresses,  by  in- 
stillationtt,  and  by  means  of  the  brush,  or  under  the  form  of  an  ointment.  As 
long  as  the  cornea  is  perfectly  normal  this  remedy  is  without  ill  effect ;  but  as 
soon  as  a  loss  of  substance  (ulcer)  exists  in  the  cornea,  there  is  formed,  if  the 
use  of  the  remedy  is  continued,  an  intensely  white,  very  disfiguriug  opacity  at 
the  site  of  the  ulcer.  This  lead  incrustation,  as  it  is  called,  is  caused  by  the 
impregnation  of  the  tissues  of  the  cornea  with  the  lead  salt,  and  cstn  be  re- 
moved from  the  cornea  with  difficulty  or  not  at  all.  For  this  reason  it  is  best 
to  employ  the  lead  acetate  as  little  as  possible  in  the  treatment  of  conjunctival 
diseases ;  the  more  so,  because  a  sufficiency  of  other  remedies  is  at  our  command, 
with  which  we  can  accomplish  the  same  results  without  danger. 

Bandaging  the  eye  in  catarrh,  as  in  all  diseases  of  the  eye  accompanied  with 
profuse  secretion,  is  to  be  avoided  as  much  as  possible,  since  by  it  the  free  exit 
of  the  secretion  is  obstructed. 

(i)  Conjunctivitis  Catarrhalis  Chronica. 

9.  Symptoms. — In  chronic  conjunctival  catiirrh  the  changes  ohject- 
ircly  perceptible  are  on  the  whole  but  slightly  pronounced.  A  mod- 
erate degree  of  rednesa  of  the  conjunctiva  exi-sts  either  over  the  tarsus 
alone  or  in  the  region  of  transition  also.  Tlie  conjunctiva  is  smooth 
and  not  swollen ;  it  is  only  in  old  cases  that  hypertrophy  with  thick- 
ening and  a  velvety  appearance  of  the  conjunctiva  is  developed.  The 
secretion  is  scanty  and  makes  itself  chiefly  apparent  by  a  gluing  to- 
gether of  the  lids  in  the  morning.  The  whitish  foam,  often  found  at 
the  angles  of  the  lids,  is  produced  by  the  lachrymal  fluid  being  beaten 
up  with  the  secretion  of  the  Meibomian  gland  into  a  sort  of  foamy 
emulsion,  as  a  result  of  the  frequent  blinking  of  the  lids.  The  con- 
stant moistening  of  the  skin  at  this  spot  often  leads  to  the  formation 
of  excoriations.  In  many  cases  the  secretion,  instead  of  being  increased, 
seems  even  to  be  diminished.  In  view  of  the  fact  that  there  is  little 
or  no  increase  in  the  secretion,  several  authors  call  many  of  these  cases 
not  by  the  name  of  chronic  catarrh,  bnt  by  that  of  hypersemia  of  the 
conjunctiva. 

In  proportion  to  the  insignificance  of  the  objective  symptoms,  the 
greater  is  the  attention  that  has  to  be  paid  to  the  complaints  made  by 
the  patient — in  fact,  the  subjective  symptoms  are  generally  so  charac- 
teristic that  the  diagnosis  of  chronic  conjunctival  catarrh  can  easily  be 
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made  from  them  alone.  The  discomfort  of  the  patient  is  usually  greatest 
at  night.  The  heaviness  of  the  lids,  scarcely  noticeable  in  the  daytime, 
becomes  at  night  so  marked  that  the  patients  have  difficulty  in  keep- 
ing the  eyes  open ;  they  have  the  feeling  of  being  sleepy.  A  very  an- 
noying sensation  of  there  being  a  foreign  body — like  a  speck  of  dust — 
in  the  eye,  is  produced  by  the  scanty  secretion  which  remains  in  the 
conjunctival  sac  in  the  form  of  mucous  filaments,  and  if  these  fila- 
ments lie  upon  the  cornea  the  sight  is  interfered  with,  or  rainbow-colors 
make  their  appearance  about  a  candle-flame  when  looked  at  Further 
unpleasant  sensations  of  various  kiiids  are  described,  as,  for  example, 
that  the  eyes  burn  and  itch ;  that  they  are  dazzled  by  the  light ;  that, 
moreover,  they  are  tired  out  quickly  by  working;  that  they  blink 
often,  etc.  In  the  morning  the  eyes  are  somewhat  stuck  together,  or 
a  little  yellowish  dried  secretion  is  found  to  have  collected  in  the  inner 
angle  of  the  eye.  In  other  cases  there  exists  an  annoying  sensation  of 
drjnoss, and  the  eyes  can  be  opened  only  with  difficulty,  the  patient, ut 
the  same  time,  having  the  feeling  as  if  the  lids  were  stuck  to  the  eye- 
ball because  of  the  lack  of  moisture  {catarrhtis  siccus).  These  troubles, 
so  various  in  their  nature,  do  not  always  by  any  means  bear  any  defi- 
nite relation  to  the  objective  condition.  We  see  the  conjunctiva  quite 
intensely  reddened  in  many  people  without  their  complaining  in  the 
least ;  while  in  others,  who  do  nothing  but  annoy  the  physician  with 
their  expressions  of  discomfort,  there  are  often  scarcely  any  changes 
perceptible  in  the  conjunctiva. 

Course. — Chronic  conjunctival  catarrh  is  one  of  the  most  frequent 
of  ocular  diseases,  chiefly  alTccting  adults,  and  especially  persons  some- 
what advanced  in  age.  In  old  people  it  is  almost  the  rule  to  find  a 
light  grade  of  chronic  conjunctival  catarrh,  which  is  denominated  senile 
catarrh.  The  duration  of  conjunctival  catarrh  is  ordinarily  a  long  one ; 
many  jMJople  suffer  from  it  for  a  great  part  of  their  lives.  The  disease 
can  load  to  complications  which  in  part  produce  irreparable  changes. 
Among  the  most  frequent  complications  is  inflammation  of  the  edges 
of  the  lids  {blepharitis),  resulting  from  the  frequent  moistening  of  the 
pali)ebnil  margins  by  the  copiously  secreted  tears.  As  a  further  con- 
sequence of  this  wetting  with  the  tears,  the  skin  of  the  lower  lid  is 
attacked  Mith  eczema,  or  it  becomes  rigid  and  contracted,  so  that  its 
free  edge  is  no  longer  in  j>erfect  apposition  with  the  eyeball.  As  a 
result  of  this  the  punctum  lacrimale  no  longer  dips  into  the  lacus  lac- 
rimalis, so  that  the  transportation  of  the  tears  into  the  lachrymal  sac  is 
impeded,  the  epiphora  increased,  and  thus  again  a  still  further  injuri- 
ous reaction  upon  the  character  of  the  skin  is  produced.  In  this  way 
there  is  formed  a  vicious  circle,  which  leads  to  a  constantly  increasing 
depression  of  the  lower  lid  (ectropion).  This  outcome  is  still  further 
l)romotcd  by  the  circumstance  that  the  patient  keeps  wiping  away  the 
overflowing  tears,  and  tluis  makes  stroking  movements  from  above 
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dovmviird,  by  which  the  lower  lid  ia  drawn  down.  If  the  contraction 
of  tho  «kin  of  tliu  lids  which  Imve  been  moistened  by  the  tears  is  more 
ptonounced  in  the  horizontal  direction,  blopharophimosis  is  devel(i|H?d. 
Lattly,  small  ulcerations  of  the  cornea  are  among  the  frequent  producta 
of  catarrh. 

Etiology. — The  causes  which  Ho  at  the  foundation  of  chronic  catarrh 
«PB — I.  A  preceding  acute  catarrh,  which,  instead  of  healing  com- 
pltettfly,  passes  into  the  chronic  stage.  2.  General  injurious  influences 
of  various  kinds.  Chief  among  these  is  bad  air,  vitiated  by  smoke, 
dust,  heat,  the  presence  of  many  people,  etc.  Workers  in  factories 
where  duiit  prevails  largely,  waiters  in  inns  that  are  tilled  with  Bmoke, 
etc.,  very  frequently  sutTer  from  chronic  conjunctival  catarrh.  Going 
lato  to  be«l,  being  up  at  night,  and  the  immoderate  use  of  alcoholic 
bevenigfs,  are  adtlilional  predisposing  factors.  Persons  who  already 
suffer  from  climtiic  conjuuctivul  catarrh  find  that  the  latter  is  iiwuie 
connjderubly  worse  after  the  action  of  any  injurious  influence  of  this 
sort — for  exAmplc,  after  an  evening  spont  at  the  theatre  or  in  a  smoky 
place.  So  alno  the  constixnt  action  of  wind  and  ba^l  weather  frequently 
caiaiM)a  catarrh  in  farmers,  coachmen,  etc.     For  tlic  same  reason,  too, 

^«yoB  which  arc  very  prominent  (goggle-eyes),  or  wliost»  lids  are  con- 
tructed  (lagophtltalmus),  are  attac^ked  by  catarrh,  because  they  are  too 
little  proU'<!led  against  the  air.  The  effect  which  constant  contact 
with  tile  air  exerts  upon  tho  conjunctiva  is  best  shown  in  ectropion, 
where  the  conjunctiva  tarsi,  as  it  lies  bare,  becomes  very  much  red- 
dened and  thickened,  and  velvety  or  even  covered  with  large  promi- 
nences.   Tho  conjunctiva  bears  continue«!  exclusion  from  the  air  as 

"little  as  it  dtn^s  constant  contact  with  it,  on  which  account  chronic 
catarrh  sets  in  when  bandaging  of  the  eye  is  kept  up  for  a  long  time. 

1 3.  Excessive  straining  of  the  eyes,  es[)ocially  in  hypermetropic  or  astig- 

Imatic  persons  can  result  in  chronic  catarrh.  4.  Local  injurious  influ- 
ences. Here  belongs  irritation  of  the  conjunctiva  by  foreign  bodies 
lodging  in  the  conjunctival  sac,  among  which,  using  the  term  foreign 
bodies  in  the  wider  sense  of  the  word,  are  to  be  reckoned  cilia  which 
are  turned  in  toward  the  eye.  In  most  cases  tho  local  injurious  in- 
flnonco  consists  of  some  other  disease  of  the  eye,  which  induces 
catarrh  as  a  sequela,  as,  for  example,  blepharitis  or  infarction  of  the 
'^'  "  inn  glands.  Accumulation  of  the  tears,  as  a  result  of  blen- 
I  I  of  the  tear-sac,  or  Vjocause  the  punctum  lacrimale  does  not 

dip  properly  into  the  lacus  lacrimalis,  is  a  frequent  cause  of  catarrh, 
io  that  wo  ehould  never  forget  to  look  for  an  affection  of  tlie  tcar- 

f^passages  in  unilateral  catarrh.  We  s;iy  unilateral,  for  catarrh  produt-tnl 
by  local  causes  ia  distinguished  from  that  due  to  genenil  injurious  in- 
fluences in  this  respect,  that  the  former  is  very  frequently  unilateral, 
while  In  the  latter,  from  tlie  nature  of  the  case,  both  eyes  are  generally 

itfleoted. 
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Therapy. — It  is  clear  that  treatment  must  first  of  all  pay  regard  to 
tlie  cunsal  factor  by  regulating  in  a  suitable  way,  as  far  as  is  compatible 
with  the  patient's  calling,  the  general  conditions  under  which  he  lives, 
and  by  removing  all  local  causes  of  catarrh  that  may  be  present,  etc. 
For  the  treatment  of  the  conjunctiva  itself  we  first  employ,  as  we  do 
in  acute  catarrh,  the  nitrate  of  silver,  which  is  used  either  for  applica- 
tion by  the  brush  (in  2-per-cent  solution)  or  for  instillation  (in  ^  to  ^ 
per  cent  solution).  We  make  use  of  it  in  those  cases  only  in  which  the 
catarrh  is  accompanied  with  rather  abundant  secretion  and  with  re- 
laxation of  the  conjunctiva — that  is,  in  periods  of  acute  exacerbation, 
such  as  frequently  occur  in  the  course  of  every  chronic  catarrh  and, 
furthermore,  use  it  when  hypertrophy  of  the  conjunctiva  has  already 
set  in.  Otherwise  we  succeed  better  with  astringent  coUyria,  which 
the  patient  can  himself  instill.  The  most  usually  employed  of  these 
are :  The  collyrium  astringens  luteum  *  or  tinctura  opii  crocata,  which 
are  not  ordinarily  prescribed  undiluted,  but  mixed  with  an  equal  quan- 
tity of  water ;  lapis  divinus  f  and  sulphate  of  zinc,  both  in  |  to  1  per 
cent  solution ;  also  alum,  tannin,  boric  acid,  and  other  astringents. 

The  order  in  which  these  collyria  are  here  arranged  about  corre- 
sponds to  their  gradation  in  activity  from  the  strongest  to  the  mildest. 
They  should  be  instilled  once  or  twice  a  day,  but  not  at  night.  So 
many  of  tliem  are  enumerated,  because  it  is  good  to  have  a  pretty 
large  number  to  select  from,  since,  if  the  catarrh  is  of  long  duration, 
a  change  will  have  to  be  made  pretty  often  in  the  remedies.  Every 
remedy,  if  too  long  applied,  loses  its  activity,  since  the  conjunctiva 
grows  accustomed  to  it.  For  the  sticking  together  of  the  lids,  as  well 
as  for  any  excoriations  that  may  be  present,  an  ointment  of  white 
precii)itate  (^  to  1  per  cent)  may  be  rubbed  upon  the  closed  lids  at  night 
before  going  to  bed. 

(c)  Conjunctivitis  FoUiculnris. 
10.  Follicular  catarrh  is  characterized  by  the  presence  of  follicles. 
Tliese  are  small  round  granules  of  about  the  size  of  a  pin's  head,  which 

•  This  collyrium,  cjilled  nlso  Ilorst's  oye-watcr,  is  at  present  no  longer  ofßeial 
in  most  countries ;  yet  it  is  of  the  greatest  service,  and  in  many  cases  can  l)e  re- 
placed by  no  iither.  According  to  tlie  new  (seventh)  e<lition  of  the  Austrian  I'har- 
miicopa'ia,  which  went  into  effect  on  the  1st  of  January,  1890,  it  is  to  be  prepared 
in  the  following  way : 

Take  of  ammonium  chloride  50  centigrammes  and  zinc  sulphate  125  centi- 
grammes, dissolve  in  200  grammes  of  distille<I  water,  and  add  a  solution  of  40  centi- 
grammes of  camphor  in  20  grammes  of  dilute  alcohol,  and  10  centigrammes  of 
saffron.    Digi'st  for  twenty-four  hours  with  frcfpient  agitation,  and  filter. 

Romershausen's  eye-water,  which  is  also  fn'(|Uently  employed  in  chronic  oph- 
thalmic catarrh,  consists  of  a  mixture  of  aqua  fieniculi  and  tinctura  ftrniculi. 

[t  Or  aluminated  copjwr;  a  preparation  made  by  fusing  together  33  parts  each 
of  copp<>r  sulphate.  |>otassium  nitrate,  and  alum,  and  adding  a  mixture  of  2  parts 
each  of  camphor  and  alum. — D.] 
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lie  in  the  region  of  transition  of  the  conjunctiva.  They  are  of  a  pale, 
translucent  aspect  and  puff  up  tlie  conjunctiva  in  the  form  of  small 
eminences.  Either  a  few  follicles  only  .or  many  are  present;  in  the 
latter  case  they  are  ordinarily  arranged  in  rows  like  the  pearls  of  a 
rosary.  Microscopic  examination  shows  that  the  follicles,  as  well  as 
the  so-called  trachoma  granules,  consist  of  a  circumscribed  accumula- 
tion of  adenoid  tissue  (Fig.  21,  7"). 

Follicles  are  most  frequently  observed  in  youth,  and  can  accompany 
both  acute  and  chronic  catarrh.  Their  signiticance  consist«  in  the  fact 
that,  when  follicles  are  present,  the  malady  is  a  protracted  one.  In 
chronic  cases,  the  follicles  remain  stationary  in  the  conjunctiva  for  u 
series  of  years.  The  follicles  ultimately  disappear  without  leaving  a 
trace  behind ;  the  disease,  therefore,  in  spite  of  its  long  duration,  has  a 
good  prognosis,  in  that  it  is  cured  without  leaving  any  sequelae.  In 
this  particular,  follicular  catarrh  is  essentially  distinguished  from  tra- 
choma which,  in  its  external  appearance,  bears  a  great  resemblance  to 
it,  but  which,  however,  always  leads  to  permanent  changes  in  the  con- 
junctiva. 

The  etiology  of  follicular  catarrh  has  not  up  to  this  time  been 
established.  By  some  contagion,  by  others  miasm  (vitiated  air),  has 
been  assigned  as  a  cause  of  the  disease,  without  any  certain  proofs 
being  brought  for  either  one  view  or  the  other.  The  malady  is  found 
with  especial  frequency  in  schools,  boarding  establishments,  etc.,  in 
which  often  many  scholars  are  attacked  by  it  at  the  same  time.  In 
many  of  these  people  the  disease  exists  in  an  entirely  latent  way,  as,  in 
spite  of  there  being  a  considerable  number  of  follicles,  the  conjunctiva 
is  not  reddened  and  causes  no  sort  of  discomfort,  so  that  the  affection 
is  first  discovered  by  the  physician's  examination. 

The  treatment  is  the  same  jis  we  are  accustomed  to  employ  against 
conjunctival  catarrh  in  any  case.  By  means  of  it  the  inflammatory 
symptoms  on  the  part  of  the  conjunctiva  and  along  witli  them  the 
annoyance  suflfered  are  relieved ;  but  the  follicles  themselves  generally 
remain  obstinately  stationary.  In  order  to  make  them  disa})pear,  the 
best  thing  is  to  rub  a  lead  ointment  (acetate  of  lead  0-1-0-3  grammes, 
fatty  matter  ö  grammes)  into  the  conjunctival  sac.  In  doing  this  it 
must  not  be  forgotten  that  the  presence  of  corneal  ulcers  very  strongly 
contra-indicates  the  use  of  a  leiwl  ointment.  Cases  in  which  the  folli- 
cles exist  without  causing  any  annoyance  are  best  left  without  any  treat- 
ment. As  in  catarrh  of  all  kinds,  so  esi)eeially  in  follicular  catarrli, 
living  in  fresh,  pure  air  is  to  be  recommended. 

II.  Conjunctivitis  Cuoii'usa  {sive  Mkmiüiakack.v). 

11.  Symptoms  and  Course. — In  this  disease  the  inflammation  begins 
with  the  symptoms  of  a  violent  catarrhal  ophthalmia,  which,  however, 
within  a  few  days  rise  to  a  height  which  they  are  not  accustomed  to  at- 
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tain  in  catarrh.    There  are  anloma  of  the  lids,  groat  redness  and  ^ 

of  the  conjunctiva,  especially  of  tlie  folds  of  transition,  and  lasth-  abun- 
dant muco-purulcnt  secretion.  As  soon  as  the  inflammation  has  reached 
this  point,  there  ap])ears,  either  upon  the  conjunctiva  tai'si  alone  or 
upon  it  and  the  fold  of  transition,  a  whitish-gray  membrane,  the  crou- 
jious  membrane,  wJiich  is  the  characteristic  feature  of  the  disease.  This 
adheres  pretty  closely  to  the  surface  of  the  conjunctiva,  but  still  can 
usually  bo  removed  from  it  with  a  forceps.  When  this  is  done  we  find 
the  conjunctiva  beneath  to  be  greatly  reddened  and  swollen  and  in 
some  places  blceiÜTig,  but  we  notice  no  great  losses  of  substance  in  it. 
This  proves  that  the  membrane  has  lain  upon  the  surface  of  the  con- 
junctiva only,  but,  in  contra-disti notion  t^>  dijOitheria  of  the  conjunc- 
tiva, has  not  penetrated  into  the  depth  of  the  tissue.  After  from  one  to 
two  weeks  the  membrane  gradually  diyajtpears;  the  eye  now  once  more 
presents  the  condition  of  a  siujple  intense  catarrh,  which,  after  from 
one  to  two  weeks  more,  generally  disappears  of  itself.  The  disease, 
therefore,  as  a  rule,  terminates  in  complete  recovery.  The  inflamma- 
tion is  but  seldom  so  intense  that  the  conjunctiva  bulbi  likewise 
appears  covered  with  tho  croupous  membrane ;  in  such  cases  corneal 
ulcers  are  observed  as  a  cornpliration. 

Croupous  conjunctivitis  appears  in  its  essential  character  to  be 
nothing  but  a  particulurty  violent  form  of  catarrh.  In  intense  acute 
catarrhs  we  often  see  the  profuse  secretion  clot  on  contact  with  the  air, 
so  that  we  can  draw  it  out  of  tho  conjunctival  sac  in  largo  cohering 
shreds.  If  tho  secretion  is  stiU  richer  in  fibrin,  and  hence  is  still  more 
disposed  to  coagulate,  it  clots  at  the  very  moment  it  reaches  the  sur- 
face of  the  mucous  membrane ;  in  this  way  the  croupous  mombrauo 
is  produced.  If  tins  is  removed,  new  secretion  appeal's  upon  the  sur- 
face, so  that  wc  find  that  tlie  mejubrano  is  soon  ropUwed.  Microscopi- 
cal examination  of  the  croupous  membrane,  in  fact,  proves  that  it 
consists  of  a  fibrous  meshwork  of  clotted  fibrin,  in  which  pus-corpuscles 
and  a  few  epithelial  cell-i  from  the  conjunctiva  are  imbedded. 

Croupous  conjunctivitis  is  a  disease  of  childhood.  Its  causes  are 
probably  the  same  as  those  of  acute  catarrli  of  tho  conjunctiva.  It  has 
no  etiological  connection  with  croup  of  the  larynx,  with  which  it  has 
nothing  in  common  but  its  external  phenomena,  that  is,  the  formatioü 
of  superficial  exudative  membranes. 

Treatment. — As  long  as  the  conjunctiva  is  covered  by  a  membrane 
we  must  refrain  from  any  very  energetic  kind  of  treatment.  Brushing 
the  conjunctiva  with  a  silver  solution  would  ou!y  promote  still  more 
the  formation  of  the  membranes,  and  the  removal  of  the  latter  also 
subserves  no  purpose,  since  they  form  again.  In  this  stage,  therefore, 
we  confine  ourselves  to  keeping  the  eye  clean  by  washing  it  with  au 
antiseptic  liquid  (for  instance,  a  sublimate  solution  of  1  to  5,000). 
When,  after  complete  sejiaration  of  the  membranes,  the  picture  of  a_ 
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amplf  intt'»8<?  catarrh  is  preäi>ut«d  to  us,  we  treat  this  latter  according 
to  llu'  ruk'ji  already  givcu. 

Ttjere  nrc  some  cases  of  cnmj«»»  conjunctivitis  in  which  the  membrnnes 
|Mf»ii>t  for  K'verttl  niimlhs  »nd  arc  conntantlv  refurmod  (Hulnu«,  Arit).  More- 
orrr.  mnabniiivst  similar  to  those  of  croupous  conjunctivitis  occur  occHsionally 
ill  other  tt^L-ctiunä  of  the  conjunctiva.  Fur  Im^tauce,  superficiAl  exudative  tnem- 
bnneii  are  produced  i\»  a  result  of  ttw  »troug  or  too  frequent  application  of 
lÜtntCK>f-iiilvcr  M)lution  to  the  conjunctiva.  Membranes  of  this  sort,  aloe,  are 
somi'timp?  found  in  acute  blennorrlifp»  <es]>ccia]ly  in  blennorrluEn  neonatorum) 
uid  in  jH'mpliitfU»  of  the  conjunctiva;  aud  in  the  rarely  occurring  herpes  iris 
CODJunctivto  thc»e  membranes  ore  a  characteristic  syniptom. 

III.   COKJUXCTIVITIS    BlENNORBIIOHA    a«  ITA. 

12-  Arutr  hli'unorrhffd*  is  an  atnite  intlimmmtion  of  the  cnnjunc- 
titA,  which  originates  in  contagion  from  gouarrha>ul  virus,  and  whose 
oopioua  purulent  secretion  is  likewise  con- 
tagious in  it«  action.  The  carriers  of  the 
contagium  are  micro-organisms,  uamelr, 
the  gonococci  discovered  by  Neisser.  They 
bwu*  tliis  name  because  they  also  occur  in 
the  srcretion  of  gonorrho.»a.  The  gono- 
cocci  are  found  both  in  the  pus  secreted 
by  the  conjunctiva  and  also  in  the  most 
superficial  layers  of  the  conjunctiva  it- 
self. Tbey  are  mostly  arrtuiged  in  pairs, 
lu  diplococci,  an«l  as  a  rule  lie  together 
in  licApe.  Fig.  ly  shows  a  epeciinon  taken 
from  the  secretion  of  iin  m^nW  blcnnor- 
rhtea.  In  it  are  «h'H  the  ht-ai»«  of  gono- 
cocci  partly  free  («),  partly  upon  and 
within  the  cells,  which  are  either  pus-cells  {h)  or  cast-off  epithelial 
cells  {<•). 

Acute  lilcnrorrho'a  occurs  both  in  adults  and  in  new-born  infants 
— blenuorrhiea  adultorum  and  bleuuorrhu>a  neonatorum. 


Fio.  19.— a«ciURiox  o»  Acer«  Blkn- 
Honsuau  WITB  QoMoctxxn. 


(a)  BUnnorrhepa  Acuta  AiJullorum  {Ctmj  unci  with  Gonorrhoicn). 

Symptoms  and  Course. — When  infection  has  taken  place,  the  di.seaso 
breaks  out  aftfr  n  certain  period  of  iiicubulion,  the  duration  of  which 
rarics  according  to  the  intenssity  of  the  contagious  action  from  a  few 
hours  np  to  throe  days.  The  lids  grow  red,  become  hot,  and  are 
flwollen  with  o'dcma,  generally  to  such  an  extent  tluit  the  ]>atient  can 
no  longer  opn  them,  and  even  the  ]>hysiciiin  often  has  trouble  in 
separating  them   far  enough  from  each  otlior  to  bring  the  cornea 


*  From  ß\i»v»,  mucus,  and  pim,  I  flow. 
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into  view.  The  conjunctiva  of  the  litis  and  of  tlie  region  of  transi- 
tion is  intensely  reddened  and  greatly  swollen.  The  swelling,  in 
distinction  from  that  of  catarrh,  is  produced  by  nn  abundant  infiltra- 
tion of  the  conjiuR-tivii  with  fxiululioti,  so  thut  thy  coiijunetiva  is  tt'nsj«?, 
and,  instead  of  Ix-ing  smooth,  is  of  a  granular,  uneven  surface.  The 
conjunctiva  of  the  eyeball  shows  a  like  swelling  which  stops  short 
at  the  corneal  margin,  so  thut  a  raised  wall  in  thus  formed  about  the 
more  deeply  plared  cornea  (chemneis).  The  secretion  produced  by  the 
conjunctiva  is  like  meat-juice — that  is,  it  is  a  semm  which  is  colored 
red  by  admixture  with  blood,  and  in  which  float  some  flakes  of  pue. 
The  eye  is  uucomniunly  sensitive  to  contact,  the  lymphatic  gland  in 
front  of  tlie  ear  is  swollen,  the  patient  has  slight  fever. 

Ordinarily  it  takes  from  two  to  three  days  for  the  disease  to  mount 
from  its  initial  j)oint  to  the  pitch  just  described,  and  at  this  pitch  it  is 
maintained  for  two  or  three  days  more.  This  period  is  designated  as 
the  first  stage,  or  nftr//e  of  infilfr/tfion.  Succeeding  this  as  a  second 
stage  is  that  t>t  jitjorrhoen.  The  swelling  of  the  lids  gradually  dimin- 
ishes, a  fact  which  we  recognize  pi'incipally  by  means  of  the  return  of 
the  small  wrinkles  of  the  skin  of  the  lids,  and  the  tense  infiltration  of 
the  conjtmetiva  slowly  retrogrades.  Simultaneously  with  this  there  he- 
gins  a  very  profuse  secretion  of  pus,  which  trickles  out  continually  from 
the  palpebral  fissure ;  hence  the  name  pyorrhea,  or  flow  of  pus.  In 
the  further  course  of  the  disease  the  swelling  of  the  conjunctiva  keeps 
on  constantly  dimiut.shiug,  the  eye,  in  many  cases,  returning  to  the 
normal  state  within  the  next  four  or  six  weeks.  In  most  cases,  how- 
ever, a  condition  of  chronic  inflammation  of  the  conjunctiva  remains, 
wiiich  is  designated  as  the  third  stage  of  tlic  disease,  the  stage  of 
chronic  blemiorr/npa.  In  this  period  the  Itds  are  no  longer  swollen. 
The  conjunctiva  is  reddened  and  thickened,  especially  upon  the  tarsus, 
where  its  surface  looks  uneven,  granular,  or  velvety.  The  fold  of  tran- 
sition forms  an  ungainly  swelling;  the  conjunctiva  of  the  ej'cball, 
which  shows  hyperfemia  only,  ia  the  least  changed. 

The  description  here  given  corresponds  to  cases  of  most  frequent 
occurrence,  whii-h  are  those  of  medium  iritonsily.  In  addition,  both 
light  and  also  very  severe  cases  of  the  disease  rome  under  observation 
which  exhibit  rather  different  features.  In  the  light  cases,  which  we 
are  accustomed  to  call  mibtiritte  bletmorrhoFin,  all  the  inflammatory 
changes  arc  les.*,  and  the  changes  are  limited  chiefly  to  the  conjunctiva 
of  the  lids.  Such  cases  are  frequently  not  to  be  distinguished  with 
certainty  by  their  external  aspect  from  violent  catarrh.  The  diagnosis 
can  be  rendered  certain  by  the  microscopic  examination  of  the  secro- 
tion,  since  by  it  the  presence  or  absence  of  gonococci  is  demonstrated. 

In  the  severest  cases,  the  infiltration  of  the  conjunctiva  is  bo  great 
that  the  latter  in  place.*?  appears  no  longer  red,  hut  grayish-yellow,  be- 
cause, as  in  diphtheritic  disease  of  the  conjunctiva,  the  vessels  are  com- 
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praied  by  the  bulky  exudation,  and  the  conjunctiva  is  thus  rendered 
anapmic.  The  conjunctiva  forms  about  the  cornea  a  tense  ;y:rayish-red 
wall.  Quite  often  the  surface  of  the  coiijuuetiva  is  found  to  he  cov- 
ered with  a  clotted  exudut«  like  a  croupous  membrane. 

The  most  dremle<i  conipücation  of  acute  blennorrhnni  h  the  iiivolvf- 
ninit  of  the  cornea,  by  which,  in  many  cases,  incurable  blindness  is 
produced.  At  first  the  cornea  becomes  dull  upon  it«  surface  and  cov- 
ered with  a  glight  diffuseil  opacity.  Then  circumscribed  infiltrations  of 
g^rayish  color  make  their  appearance,  which  soon  become  yellow  and 
bn-jik  down  into  ulcers.  These  intiltrationd  may  be  situated  at  the 
margin  fif  the  cornea,  and  give  rise  to  speedy  perfomtion  of  the  latter. 
This  is  a  comparatively  favorable  result,  as,  after  the  perforation  has 
taken  place,  the  purulent  infiltration  of  the  cornea  is  not  rarely  brought 
to  a  standstill,  and  so  a  portion  of  the  cornea  is  preecrve*!.  Hut  it  cmi 
also  happen  that  the  marginal  infiltrations  become  rapidly  confluent, 
and  unite  into  a  yelhiw  ring  surrounding  the  entire  cornea  (a  so-called 
annular  abscess).  In  tliut  event  the  rornea  is  lost,  for  this  ring  t^oon 
spre4id«  over  the  entire  cornea  and  destroys  it.  In  other  cases  the 
punilent  disintegration  occurs  first  in  the  middle  layers  of  the  cornea, 
after  the  manner  of  the  typical  abscess  of  the  cornea  (see  g  37).  A  rare 
and  peculiar  form  of  involvement  of  the  cornea  occnrs,  in  which  the  lat- 
ter melts  away,  as  it  were,  like  a  piece  of  ice  in  the  sun,  until  it  haa  dis- 
appeared altogether,  with  the  exception  of  a  narrow  portion  of  its  rim. 
When,  in  one  way  or  another,  the  cornea  hna  gone  either  entirely  or  in 
pwi  to  dcstniction,  cicatrices  are  formed  with  incarceration  of  the  iris, 
or  panophthalmitis  itself  may  be  produced.  Since  these  sequeloe  are 
ol)serve«l  after  every  destruction  of  the  coriiai,  even  when  due  to  otlier 
causes,  they  will  find  detailed  description  under  the  diseases  of  tlie 
oomea. 

Involvement  of  the  cornea  is  so  much  the  more  to  be  expected,  the 
i6T«rer  the  blennorrhopa,  and,  in  particular,  the  more  pronounced  the 
participation  of  the  conjunctiva  bulbi  in  the  infiamnuiilion.  In  the 
aoverest  cases  with  t^nse  Chemosis  the  cornea  is  always  alfected,  and  i(i, 
ta  a  general  thing,  irretrievably  destroyed.  In  the  cases  of  moderate 
severity,  when  the  chemotic  swelling  of  the  conjunctiva  is  less  pro- 
nounced and  especially  is  less  hard,  it  is  usually  possible  to  preserve  the 
cornea,  either  entirely  or  in  great  part,  inasmucli  as  the  ulcers  that  de- 
velop, even  if  they  are  attended  with  perforation,  are  of  but  small  size. 
In  the  lightest  cases,  where  the  process  is  limited  to  the  pal])ebral  con- 
junctiva, there  is.  on  the  whole,  little  danger  to  the  cornea. 

The  severer  the  course  of  the  infiamniation,  the  earlier  the  involve- 
ment of  the  cornea  sets  in ;  in  violent  cases,  the  cornea  is  already 
clouded  by  the  second  or  third  day.  Sometimes  corneal  ulcers  are 
not  develope<l  until  late  in  the  disease,  when  the  blennorrhcea  is 
already  well   on  the  retrograde  path.     These   late  affections  of  the 
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cornea  are  not  rery  dangerous,  and  it  is  generally  possible  to  check 
them  readily. 

Tlie  prognosis  of  the  disease  results  from  what  has  been  said,  it 
being  essentially  foumied  ii]>on  the  condition  of  the  cornea.  This  is 
dependent  upon  the  intensity  of  the  iullaiiimation  of  the  conjunctiva 
hulbi,  in  accordance  with  which,  therefore,  the  prognosis  must  be  made. 

Etiology. — Acute  bleunorrhti'U  is  produced  simply  and  Bolely  by 
infection.  Thu  puifun  can  he  introducfd  into  the  eye  from  the  genitals 
directly,  generally  by  an  individual  (whether  man  or  woman)  affected 
with  gonorrhtea,  touching  the  eyes  with  unclean  fingers  after  these 
have  been  in  contact  wiih  the  genitals.  Tlie  infection,  however,  can 
«Iso  come  from  an  eye  aflccted  with  blcunorrhtca.  If,  for  instance, 
one  eye  is  already  diseased  and  ia  atfected  with  profuse  eiipiiuralion, 
the  other  eye  also  can  be  infected  by  a  transfer  of  the  secretion  to  it. 
An  individual  with  an  eye  disciLscd  with  blcnnoiTlu™  can  infect  the 
jtersons  who  are  nursing  him  or  any  others  who  nuiy  share  his  room,  so 
timt  wo  sometimes  see  an  entire  family  stricken  with  this  baneful 
malady. 

Therapy. — By  proper  prophylaxis  infection  by  acute  blennorrho?a 
can  be  ]>revente^l,  u  matter  to  be  so  much  the  more  considered  because, 
when  the  discast*  luis  once  broken  out,  an  unfortunate  result  can  not 
always  be  averted.  It  is  the  physiciiin's  duty  to  call  the  attention  of 
every  man  with  gonorrhtea,  and  also  of  every  woman  with  a  vaginal 
discharge,  to  the  «langer  of  infecting  tbe  eyes,  and  to  urge  upon  them 
strenuously  the  requisite  eleanline.«9.  If  the  eye  is  already  attacked 
with  acute  bleunorrlia-a,  care  must  be  taken  to  kec'j>  tlio  other  eye 
from  being  infoetcd  by  it  and  also  to  keep  the  disease  from  iK'itig 
transferred  to  persons  in  the  vicinity.  The  protection  of  the  second 
eye  which  has  not  as  yet  been  involved  in  tbe  disease  is  best  effect- 
e<i  by  a  bandage  which  is  applied  in  the  following  manner :  The 
palpebral  lis.su re  is  first  close<I  by  means  of  some  tuirrow  .strij»s  of 
sticking-plaster  applied  in  a  vertical  direction.  Then  (he  hollow  abont 
the  eye  is  filled  u[>  with  cotton  and  tiie  whole  is  covered  by  a  flap  of 
hiicii  provided  with  adlu-sive  plaster  stri}ii.s,  wliicli  is  carefully  attached 
all  ronnd  the  margins  of  the  orbit.  In  onlcr  to  secure  it  better,  the 
edges  of  the  flap  and  the  adjacent  skin  may  further  be  coated  with 
collodion.  To  prevent  the  spread  of  the  disease  to  tliose  in  the  neigh- 
borhood of  the  patient,  the  greatest  cleanliness  must  he  inculcated  both 
upon  him  and  upon  the  persons  attending  to  him;  tliey  must  alwaj 
cleanse  the  hands  after  touching  the  alTected  eye,  and  must  remove,  ot^ 
best  of  all,  bnrn,  alt  materials  that  have  been  used  for  cleansing  the  eye 
(pieces  of  linen,  cotton,  etc.). 

Tlio  frvatment  of  the  disease  itself  consists  principally  in  a  careful 
and  frequently  repeated  cleansing  of  the  eye  from  its  profuse  secretion. 
We  may  employ  for  this  purpose  weak  antiseptic  solutions  (solution  of 
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corrosive  «ublimaU?,  1-4,000,  or  of  potassium  pormungunule).  If  the 
^reat  c welling  of  the  lids  docs  not  permit  the  palj>fl:>ral  fitfsuri'  to  be 
properly  opened,  and  thus  makes  cleansing  imjiMSsibJe,  the  palpebral 
fissure  must  be  fully  widened  by  a  section  made  with  the  seissorfi  at 
the  external  angle  of  the  lida  (cantlioplasty  ;  see  j^  1(!9).  This  soetinii 
has  the  further  atlvantage  of  diminishing  the  pressure  which  the  much- 
swollen  lida  exert  u{)OU  the  eyeball. 

In  the  first  stage  of  the  disejwe  we  combat  the  inflammation  by 
iced  Cünipre8.««c8,  and  also  by  the  application  of  leeches  (six  to  ten  in 
number)  to  the  temple.  In  the  secf>nd  stage  brushing  the  conjunctiva 
with  nitrate  of  silver  is  the  best  means  for  making  the  swelling  of  tlie 
oonjmjctiva  and  the  profuse  secretion  rapidly  di.siippear.  The  appli- 
cation of  the  brush  must  not,  however,  be  begun  until  liie  tense  swell- 
ing of  the  conjunctiva  baa  given  place  lu  a  soft,  succulent  condition; 
there  «houhl  no  longer  be  any  mcinbninous  deposit,  any  grayish  inlil- 
tratcd  isjwta  uj>on  the  conjunctiva-  The  application  shouki  bo  made 
■with  a  two-per-cent  solution,  but  quite  freely,  and  must  be  repeated 
twice  a  day  as  long  as  the  profuse  secretion  is  still  present.  The  pres- 
ence of  ulcers  of  the  cornea  furnishes  no  contra-indication  to  the  use  of 
nitrate  of  silver. 

As  soon  as,  in  the  tlnrd  stage,  tlic  infljimnmtory  symptoms  and  the 
secretion  also  have  nearly  disappeared  and  the  thickening  of  the  con- 
junctiva is  the  only  thing  that  still  remains  to  he  removed,  we  exchange 
the  silver  solution  for  cojipcr  Buiphatc.  This  is  applied  by  whittling  a 
crystal  of  tljo  stibstance  down  to  a  smooth,  rounded  extremity  (copper 
fjencil  or  blue-stone)  and  stroking  with  it  once  or  more  the  conjunc- 
tiva of  the  everted  lida.  In  this  way  we  cauterize  more  energetically 
than  witli  the  silver  solution,  and  thus  raoro  quickly  aecomplish  our 
end ;  but  this  treatment  is  ]>crmissible  only  if  the  cornea  is  either  quite 
sound  or  ha.'«  ulcers  already  in  process  of  cicatrization,  and  not  if  there 
are  fresh  ulcerations  of  the  cornea,  which  are  still  <-oated  with  pus. 

The  treatment  of  complications  involving  the  cornea  is  conducted 
according  to  the  rules  (§§  36,  38)  for  purulent  keratitis  (ulcer  and 
ahsoess  of  the  cornea).  If  very  severe,  all  treatment  proves  powerless 
to  preserve  the  cornea,  so  that  we  must  coutine  ourselves  to  attempt- 
ing to  avoid  the  more  remote  evil  consequences  of  destruction  of  the 
«iorni'a,  like  panophthalmitis  or  the  formation  of  ctaphyloma,  and  to 
ubtuin  a  Hat  cicatrix. 

It  is  now  ertablished  beyond  donbt  llmt  acute  l>lt  nnrjrrJKTn  is  developed 
by  the  dirert  trunsfor  of  virulent  pus  tu  tlie  fonjinictivn.  The  earlier  view, 
«hicti  explflined  tlie  connection  between  gonorrlweii  und  <>|i!itliiilnüii  by  looking; 
upon  the  latter  as  a  »ort  of  mrtuatn»!»  of  jrnnorrlKra,  has  now  no  lonjror  any 
odhcrrDt».  Neverthelcsw,  ca.ses  have  licen  ib'scrilxd  recently  iby  Iliccord,  Koo»- 
brock.  rialtenhofT,  Rtickert,  Annaifrnac.,  und  others'),  in  which  a  conjunctival 
inflammation  of  a  lighter  kind  is  connected  with  a  ponorrha-u  in  the  way  of 
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metastasis,  just  as  arthritis  and  iritis  sometimes  complicate  a  ponorrhcea.  Tfii» 
niotastatic  mude  of  ori<fin  in  to  be  understood  by  supposing  that  ttw  gnnorrho'«! 
poiüon  Iiiia  got  into  tlie  circuliition,  ojid  is  exciting  iuflammutiou  in  remut« 
organs  whirli  have  a  predispositioa  for  thin  poi.son.  A  coiijunctivitiB  origiuat- 
inj^  in  llii!!"  way  ought  to  show  t)ie  charnctcrs,  not  of  a  blennorrhopa,  but  of  a 
violent  catarrhal  conjunctivitis.  In  any  ease,  we  shall  have  to  be  uncommonly 
careful  in  making  the  diagnosiä  of  such  a  metaslattc  gonorrhu'al  conjunctivitis, 
since  light  cases  of  conjunctivitis  can  also  develop  from  direct  infection  with 
gonorrheal  secretion,  in  case  the  gonurrha-n)  poison  has  been  weakened  by  va- 
rious circunisfance».  (Sec  infra,  the  investigations  of  Piringer.)  As  a  gonor- 
rhaia  of  the  nruthra  can  by  melastasii*  excite  a  euiijuuctivitis,  so  also  conversely 
■eaaes  have  l>eeti  observed  in  which  a  g(»norrhn.>a]  urthritifl  has  arisen  by  way  of 
metaatasis  from  a  blennorrlKsa  of  the  conjunctiva  (Dcutschroann). 

The  Bccrelinn  «■ontiiiaing  gonococci  i»  usually  brought  into  the  eye  by  means 
of  dirty  fingers.  Sometimes,  however,  a  direct  trüH«fer  from  the  diseased  mu- 
cous membrane  to  the  Hound  one  is  ok-jerved ;  for  example,  when  a  drop  of  secre- 
tion spurts  into  thr*  eye  of  the  physician  or  the  «ttendent  while  cleansing  geni- 
tals that  are  alluded  with  gonorriiu-a,  or  even  wlieu  cleansing  the  eye  of  a  patient 
affected  with  b]eiiiiorrha?a.  For  this  reason  the  old  method  of  cleansing  blen- 
norrhopa! eye.H  by  means  of  a  glass  syringe  has  been  given  up  in  most  ophthalmic 
clinics,  as  it  endangers  both  the  eye  of  the  patient  and  the  eyes  of  the  «-orp»  of 
attendants.  Furthermore,  in  the  treatment  of  such  patients,  phy-sicians  and  at- 
tendants ought  always  to  »Jse  protective  glasaes  (large,  colorless  coqtiille-glasses). 
If,  in  spite  of  this,  any  secretion  does  spurt  into  the  eye,  the  latter  must  im- 
mediately be  very  thoroatjldy  wushed  out;  then  a  couple  of  drops  of  two-per- 
cent nitrate-of-silver  sohlt  Lou  instilled,  and  subsetjuently  for  some  hours  cold 
compresses  placed  ujton  the  eye. 

I  have  seen  a  ca.sc  in  which  a  jvatient,  because  nf  a  mild  conjunctival  catarrh, 
washed  his  eye»  in  his  own  urine  (a  popular  remedy  among  the  laity  in  many 
places) ;  as  he  had  gonorrhoea,  he  aenuired  an  acute  blennorrhfen.  Acute  bleu- 
norrhoea,  moreover,  has  been  seen  to  originate  from  the  use  of  another  house- 
hold remedy — that  is,  from  the  practice  of  laying  upon  the  eye  a  piece  of  pla- 
centa, which  in  this  case  came  from  a  woman  affected  with  gonorrhcea. 

If  one  eye  is  already  infected,  the  tran.sfer  to  the  other  is  oft«n  brought 
about  by  the  secretion  of  the  di.seased  eye  flowing  over  the  bridge  of  the  nose 
ipto  the  sound  eye  during  sleep.  Furthermore,  the  secretion  can  be  transferred 
from  the  eye  affected  with  blennorrhoea  to  the  sound  one  by  the  finger,  the 
water  used  for  washing,  the  sponge,  the  handkerchjef,  etc.  For  these  reasons 
the  sound  eye  should  be  bandaged.  If  there  is  ground  for  suspecting  that  in- 
fection has  already  taken  place,  we  can  endeavor  to  prevent  the  outbreak  of  the 
disease  by  instilling  a  two-per-crnt  solution  of  nitrate  of  silver  before  applying  the 
bandage.  In  order  that  the  patient  may  see  wild  tlie  l>fir)daged  eye,  we  can 
insert  a  watch-glass  in  an  ajierturc  whicli  we  make  in  (hi*  middle  of  the  Imndagc. 

Tlie  transfer  of  blennorrhcea  from  an  eye  affected  witli  the  latter  fo  the  eyes 
of  other  jwople  is  likewise  not  rare.  It  occurs  most  frefjuently  in  children 
who  arc  affected  with  blennorrhcea  neonatonira,  and  thus  infect  their  mothers, 
nurses,  etc.  In  the  Vienna  Foundling  Asylum,  during  the  years  1H12  and  1813, 
there  were,  for  every  hundred  infants  affected  with  hleiinorrhaaj,  more  than 
fifteen  nurses  so  affected,  who  had  acipiired  their  eye-disease  from  the  in- 
fants.    1  have  seen  a  whole  family  infected  with  blcniiorrhcEa  by  a  child  hav- 
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lag  blennorrfaoM  neonatoruTn,  and  thus  plunged  in  the  gre«tc«t  miser;.  Great 
CMiUon,  therofore,  and  e8{>ecially  precü«  directiüna  tu  the  people,  are  here  im- 
perativelj  required. 

We  sometimes  also  observe  nruU  blennorrhaa  in  amuU  girl»  of  the  age  of  two 
to  ten  years,  who  at  the  same  time  are  troubled  with  a  vaginal  discharge  (Arlt). 
Here  are  we  still  dealing  with  contagion  from  a  vinik-nt  vaginal  catarrh;  or  is 
the  vaginal  discharge  of  these  girlä  a  benign  catarrh  caused  by  Rcrofulu,  ana'inin, 
and  the  like  t  In  some  of  these  cases  it  has  been  possible  to  prove  the  origin 
of  the  vaginal  blenncirrha?a.  The  children  liavi-  actjuirt'd  tlie  latter  from  their 
mothers  or  from  other  women  about  them,  who  were  suffering  from  virulent 
vaginal  catarrh,  and  had  transmitted  the  latter  by  soiled  clothes,  sjmnges, 
baths,  etc.,  to  the  children  (Hirschberg).  In  other  cases,  the  children  had  iK'cn 
raped  by  individuals  affected  with  gonorrhwa.  Here,  therefore,  wc  are  dealing 
with  a  pure  vaginal  gonorrhu?a  in  the  children,  and,  acconlinyly,  it  is  possible  in 
•uchcaae«,  too,  to  denlon^t^l(e  the  presence  of  the  gonococcus  botli  in  the  serre- 
tiou  of  the  vagina  and  in  the  conjunetivii  r»  well  (Widmark).  But  it  would  be 
{going  much  too  far  to  regard  the  vaginal  discharge  in  little  girls  as  pure  gonor- 
rbrm  in  all  cases  in  which  infection  of  the  conjunctiva  results  from  the  dis- 
eharj^.  It  Miems  to  roe  probable  that  even  a  non-virulent,  simple  catarrhal 
secretioQ  of  the  vagina  is  in  position  to  excite  »n  inflammation  of  the  conjunc- 
tiv»,  which  in  this  instance  run»  a  less  severe  cours-'e,  and  exhibits  the  character 
of  •  mild  (subacute)  blennorrhcea.  The  distinction  from  a  jmre  blennorrhcea 
cooJd  be  made  in  this  case  only  by  the  microscopical  examination  of  the  secre- 
tion for  gun<X'0cci. 

The  intertisting  researches  of  Piringer  have  instructed  us  in  regard  to  the 
niation  Jtriwfm  the  ii\tecHrt  mat^rial  iirnl  (fie  op/ithalmia  jrroiluced  by  it^  as 
be  has  made  a  great  numWr  of  intentional  tninsfers  of  virus  (generally  in  the 
eye«  of  people  already  blind,  who  were  paid  for  the  experiment).  He  found 
that  the  perio^l  of  incul>atiou  is  of  shorter  duration  in  pro{>ortion,  as  theblennor- 
rhora  which  the  inoculated  material  produces  is  more  violent.  The  infective 
power  of  the  secretion  is  weakened  by  various  influences,  as  by  dilution  with 
water — by  dilution  to  the  one-hundredth  part  any  secretion  can  l>e  rendered 
inert — or  by  drying.  Secretion  tliat  has  been  dried  ujwn  a  piece  of  linen  loses 
ita  activity  after  thirty-^ix  hours.  Preserved  like  vaccine,  it  remains  infective 
for  sixty  hours.  In  proportion  as  the  virulence  of  the  infecting  secretion  is 
weakened,  the  period  of  incubation  increases  in  length  and  the  inflamma- 
lion  excited  grows  milder.  Tlie  differences  that  we  observe  in  the  grades  of 
blennorrhcea  can  thcrt'fore  l>e  n-ferred  to  the  fact  that  the  .source  of  inf<'cti(m 
oapplies  ««ecretion  of  different  degrees  of  virulence,  and  this  virulence  is.  mtm.»- 
over,  still  further  modified  by  the  immediate  circumstances  attending  the  process 
of  infection.  That  the  lymphatic  gland  in  front  of  the  ear  should  swell  U|)  in 
acute  blcnnorrhcpa  is  a  fact  that  accords  with  the  virulent  character  of  the  latter; 
aomotiroeseven  suppuration  of  this  gland  has  Ix'cn  observe«!  (bubo  prwauricularis). 

The  purvUnt  inftommatitm  of  the  ettmeti,  which  so  often  comi)licate8  the 
blennorrho^a,  is  to  be  referred  to  infection  of  the  cornea  by  the  secretion  which 
constantly  bathes  the  latter.  Since  the  secretion  collects  most  of  all  in  the 
gutter  lying  at  the  rim  of  the  cornea,  l)<?tween  the  latter  and  the  steep  slope  of 
ihe  chemotic  conjunctiva,  the  purulent  infiltration  most  frequently  begin»  here, 
loo.  The  dense  infiltration  existing  in  tl»is  chemotic  wall  of  conjunctiva  is  to 
be  regarded  as  a  second  ftictor  in  the  production  of  corneal  trouble.    Tliis  leads 
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to  obstruction  of  the  circulation  in  the  marginal  loops  of  the  cornea,  and  thus 
interfi-rcs  witli  tlie  üutritiou  of  the  latter.  Hence,  the  more  pronounced  and  the 
more  t«nae  the  cheniosw,  the  raoro  confidently  is  an  affection  of  the  cornea  to 
l>c  anticipated.  It  is  in  harmony  with  this  fact  that,  in  cases  where  the  Chemo- 
sis is  uneiiuiilly  great,  we  often  see  the  involvement  of  the  cornea  take  place 
first  at  that  portion  of  the  corneal  rim  where  tlie  Chemosis  is  the  greatest.  Since 
infection  of  the  cornea  is  certainly  very  greatly  favored  by  the  existence  of  ^a|w 
in  the  epithelium  of  the  latter,  wo  must  avoid  injuring  the  epithelium  of  the 
eye  by  carelessness  in  cleansing. 

If  acute  blennorrhoea  happens  to  affect  an  eye  whicl»  i«  covered  with  jmnnus 
the  latter  will  afford  the  cornea  a  secure  protection  against  suppiiration.  Nay, 
more,  it  is  often  apparent,  after  the  violence  of  the  inflammation  has  pas.sed, 
that  the  paonus  lm.>*  cleared  lip  considenibly,  so  that  iti  ca.se.s  of  old  panuus  in- 
oculation with  acute  bleutiorrlKwi  has  Iteeu  designedly  [HTformed. 

The  fact  that  acute  bletinorrhiea  is  jiroduced  by  micro-organisms  would 
lead  us  to  expect  that  disinfectant  substances  would  be  the  best  remedies  in  the 
treatment  of  it.  Nevertheless,  it  has  been  hhuwn  that  nitrate  of  silver  far  sur- 
passes the  disinfectants  pro|ier  for  this  pur])ose.  Only,  wo  must  avoid  begin- 
ing  too  early  with  the  apjtiicution.  In  the  first  stage  of  the  disease,  some  make 
use  of  8carificati<ms  of  the  chemnlic  conjuiictivti  in  severe  cases,  and  also  of 
liberal  doses  of  mercury  both  iiiteniiilly  and  in  the  form  of  inunctions  of  blue 
ointment  ;  from  neither  of  these  two  remedies  have  I  seen  any  special  result. 
In  using  iced  apiilications  we  must  take  care  not  to  depress  too  greatly  by  the 
excessive  crajiloymeut  of  cold  the  already  embarrassed  circulation  of  the  con- 
junctiva. 

(b)  BlennorrJioea  Neonatorum. 

13.  This  disease  is  identical  with  the  blennorrhfpa  of  adults.  More- 
over, it  owes  its  origin  to  infcctiou  by  secretion  from  genitals  which 
are  affected  with  virulent  catHrrh.  The  infection  oceurs  as  a  rule  dur- 
ing parturition.  In  the  pas.«age  of  the  child's  liead  througli  the  vagina, 
the  eyelids  are  covered  wiili  the  secretion  of  the  latter,  and  this  either 
■penetrates  immediately  into  the  conjunctival  sao  throtiLjii  the  palpebral 
ÜHsure,  or  does  so  as  soon  as  the  child  ojiens  his  eyes  for  the  first  time. 
Under  these  cireurastances  tlie  disease  breaks  out  as  a  rule  on  the  sec- 
ond or  third  (rarely  on  tho  foarth  or  fifth)  day  after  hirth.  In  those 
cases  in  which  the  disease  makes  its  appearanee  still  later  tlian  this, 
the  infection  can  not  any  longer  be  referred  to  the  art  of  birth.  It 
has  then  been  brought  about  through  subneqHent  infection  by  the 
vaginal  secretion  of  the  mother  (as  is  readily  possible,  particularly  if 
the  child  sleeps  in  bed  with  the  mother),  or  the  child  has  been  in- 
fected by  another  child,  as,  for  in.^luiicc,  not  rarely  happens  in  lying-in 
t'stabüshnicnts  and  foundling  asylums. 

The  symptnms  of  the  disease  are  the  same  as  in  the  blennorrhcea  of 
adultjs,  except  tliat  they  are  in  general  les.s  severe.  For  even  when 
there  are  groat  swelling  of  the  lid»?  and  very  profuse  ]nirulent  discharge, 
tho  part  whicli  the  bulbar  conjnnetiva  takes  in  tho  process  is  relatively 
small,  and  we  rarely  find  great  Chemosis.    Hence  also  the  danger  of  sup- 
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puration  of  the  cornon  is  not  so  great.  It  does  indeed  occnr,  and  that 
often  enough  too,  hut  only  in  those  cases  wliich  are  treated  badly  or 
not  at  all.  If  a  c^uio  comes  under  treatment  in  season — tliat  is,  u'liile 
the  cornea  is  stiU  intact — the  latter  can  almost  to  a  certainty  he  main- 
tiiin«'«!  in  a  healthy  state.  Supposing  this  condition  to  be  fidfilled, 
lhen»fore,  tlje  j>rognosis  can  be  stated  as  favomble. 

The  treatment  in  the  first  stage  consists  in  diligent  cleansing  of 
tlie  eye;  when  suppuration  commences  we  begin  with  the  application 
of  a  two-per-ccnt  nilrate-of-silver  solution  to  the  coujunctivu.  In  cases 
with  profuse  secretion  this  must  be  done  twine  a  day.  The  application 
should  be  continue<l  until  the  cure  is  complete,  as  otherwise  it  is  easy 
for  the  process  to  recur  to  a  moderate  degree.  A  condition  of  chronic 
inflammation  (chronic  blennorrluea),  remaining  as  a  sequela,  is  much 
more  rare  in  infants  than  in  adults.. 

In  bleunorrho»a  of  the  new-bom,  proplujlnxis  plays  an  even  greater 
r6le  than  in  the  blennorrhti-a  of  adults.  There  is  perhaps  no  other 
disease  in  which  the  rigurmiH  carrying  ont  of  prophylactic  treatnunit 
would  afford  more  gratifying  results  than  in  blonnorrha?a  of  the  new- 
born, which  might  in  this  way  be  made  to  disappear  almost  entirely. 
The  principle  which  lies  at  the  foundation  of  prophylaxis  is  the  avoid- 
auce  of  infection  during  parturition.  To  this  end  the  vagina  should 
be  cleajised  as  well  as  possible  by  antiseptic  injections  directly  before 
parturition,  a  procedure  which  is  also  advisable  on  other  grounds.  As 
•oon  as  the  child  is  born,  the  lids  while  still  closed  are  to  he  wiped  off 
carefully  with  a  clean  piece  of  cloth.  While  the  tirst  hath  is  being 
given  tlie  cbiUrs  eyes  should  not  be  wet  with  the  water  of  the  bath. 
As  soon  as  the  child  has  been  wrapped  up  after  the  bath,  the  eyes 
should  again  he  cleansetl  with  clean  water  and  uilli  a  piece  of  cluth  or 
cotton  desigt»e<l  for  this  ]iurp<we  exjtreasly,  and  then  a  dro]>  of  two-pcr- 
ceut  silver  solution  dropped  into  each  eye.  Hy  this  procedure,  which 
was  devised  by  C'rede,  blennorrha'a  of  the  new-bom  can  be  avoided 
almost  to  a  certainty.  For  protection  against  infection  occurring  after 
birth,  whether  from  the  mother  or  from  other  chihlren,  the  ordinary 
precautionary  rules  hold  good. 


Btcnnorrha>a  of  the  new-bom  belong»  among  the  discuseB  of  frequent 
The  majority  of  pregnant  women  have  catarrh  of  the  vagina  with 
'SVOCOUS  or  pumlcnf  discliarge.  lu  the  greater  |iortion  of  Ihew  case«  we  have 
to  do  with  a  benign  vaginal  catarrh,  in  n  smaller  portion  with  a  Nirulent  catarrh 
(gonorrtirpa).  In  individual  casci»  the  distinction  between  benign  and  virulent 
b  difficult  or  impo«»ihle,  for  which  reason  prephylactic  treatment  ought  to  be 
carri^  out  in  all  case».  Tlie  frcijuency  of  ophthalmia  among  the  children, 
before  the  intrrxluction  of  prophylactic  treatment,  varied  from  one  to  twinty 
ptn-cvnt  in  different  lyinjr  in  c.st.ihlii<hments.  Among  the.se  are  comprised  light 
and  «fvere  caoes.  In  the  former,  ordinarily  no  gonococci  «re  found  in  the 
•ocretion  ;  theae  case«  ore  hence  probably  to  be  regarded  aa  not  blennorrbcBa 
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but  as  simple  cntarrli.  Conjecturally  these  are  the  cases  in  which  the  mother 
had  a  benign  ciitarrh  of  thi'  vaj^ina.  Of  the  severe  cases,  tliose  of  blcunorrhoca 
proper,  a  certuin  iiutnl>er  go  l>litid  ou  accouut  of  tlie  failure  to  treat  them  in 
season,  so  that  a  very  consiiierabic  number  of  cases  of  blindness  are  to  be  laid 
to  the  account  of  this  disease.  In  tlie  asylums  for  the  blind  uf  Germany  and 
Austriii,  thtiae  who  are  rendered  blind  by  bleiiaorrho'U  neonatorum  form  more 
than  a  third  part  of  the  wliole  number;  on  the  whole,  thoso  who  ar^  rendered 
blind  in  this  way  certainly  constitute  more  timu  the  tenth  part  of  all  living 
blind  i^erson«*.  The  number  of  tlu-  blind  in  Europe  is  reckoned  at  more  than 
three  hundred  thousand.  If  blennorrh<KU  neonatorum  were  made  to  disappear 
from  the  cauxea  of  blindness  by  universally  carrying  out  a  prophylactic  treatment, 
there  would  be  in  Europe  alone  at  least  thirty  thousand  fewer  blind  {teople. 

That  prophyla.xi.'^,  as  introduced  mto  [iraetice  by  Credv,  is  actually  efficient, 
is  proved  by  the  follovvinj,'  dnta:  (.Vcd^  fornnrly  had  in  the  Leip.sic  Lying-in 
Ajiylum  on  an  average  in  the  whole  number  of  new-born  I08  per  cent  of  cases  of 
blennorrlupa  neonatorum;  after  the  introduction  of  hi»  pru|ihylactic  method  the 
number  sauk  to  01  to  02  i>er  cent.  Others  have  .limilar  favorable  results  to 
record.  Unfortunately,  up  to  the  prcaent  time,  the  pro])hylaxis  of  blennorrlifta 
hu8  not  been  generally  introduced  by  law;  it  haa  merely  been  brought  into  use 
in  lying-in  establishment.^  and  aiso  in  the  private  jiractice  of  many  physicians, 
while  the  enormous  majority  of  children  cnme  into  the  world  without  it. 

Di.sinfecbuit  remedies  like  boric  acid,  salicylic  acid,  carbolic  acid,  corrosive 
Bublimate,  etc.,  have  been  employed  fur  purposes  of  prophylaxis:  but  a  two-per- 
cent solution  of  nitrate  of  silver  has  proved  to  be  the  most  etRcient  of  all.  Ita 
action  is  to  he  expliilncd  by  the  fact  that  it  cauterizes  the  uppermost  layers  of 
the  et)ithelium.  By  reason  of  this,  those  gouococei,  which  have  already  pene- 
trated into  these  layers,  and  not  merely  those  which  occur  ou  the  surface  of  the 
conjunctiva,  are  destroyed. 

Credt-'s  prophylactic  treatment  acta  as  a  protection  agaia.«:t  infection  during 
parturition  only.  Infection  can,  iiowever,  take  place  even  earlier;  childrea 
have  been  known  to  c<imc  into  the  world  with  a  blennorrham  already  fully 
developed — in  fact,  with  the  cornea  alre.idy  destroyed.  Furthermore,  against 
««bse4pient  infection  by  the  vaginal  secretion  of  the  mother,  or  liy  other  chil- 
dren, other  measures  will  have  to  be  adopted,  among  whidi  great  cleanliness  is 
to  be  assigned  the  first  place.  In  foundling  asylums,  infants  infected  with 
blennorrhopa  ahouhl  be  isolated  from  the  rest,  as  otherwise  infection  will  fre- 
quently take  place.  In  the  Vienna  Foundling  Asylum,  during  the  years  lR^4-'0ö, 
no  less  than  fourteen  hundred  ami  thirteen  children  were  first  attacked  by 
blennorrha'a  while  in  the  asylum,  and  hence  caught  the  infection  in  the  latter. 

IV.  ('oNJtJNCTiviTis  Trachom. \TosA. 

14.  Tracljoma,  Jike  acute  blennorrho'«,  is  an  intlaninintian  of  the 
conjunctiva,  which  originates  by  infeetion,  and  produces  an  infeottoua, 
jiuriilent  secretion.  It  is  didtinguished  from  ucute  blennorrha'a  prin- 
cipally by  its  chronic  course,  in  which  is  developed  a  hypertrophy  of 
the  conjunctiva,  that  forms  tho  most  diaructfiri.stio  symptom  of  tracho- 
ma. From  the  rcuiglines3  of  the  conjunctiva,  caused  by  this  liyper- 
trophy,  the  disease  has  in  fact  received  its  name* 
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Symptoms. — The  patients  complain  of  sensitiveness  to  light,  of  lach- 
rymaiion,  unii  of  stickiug  together  of  the  lids;  pain  and  visual  disturb- 
ances are  ulso  often  present.  Tlie  examination  of  tlie  eye  shows  that 
the  latter  is  less  widely  opened,  partly  Ijecause  of  pliotophobia,  partly 
because  the  hea\'y  upper  lid  hangs  lower  down.  After  everting  the 
lids,  we  see  the  conjunctiva  of  the  ttirrfus  and  also  that  of  the  fold  of 
transition  reddened  and  thickened;  its  surface  at  the  same  time  liiis 
become  uneven  to  a  varying  degree.  These  changes  are  to  be  referred 
to  a  hypertrophy  of  the  mucous  membrane,  which  occurs  under  two 
different  forms. 

'V\w  first  fonn  consists  in  the  develoiiment  of  the  so-called  papilla?. 
These  are  elevations  newly  formed  on  the  surface  of  the  conjunctiva 
which  consequently  appears  velvety,  or,  if  the  papillffi  are  large,  ap- 


d. 


Tw,  T9.— ScmnuTic  SccnaM  throvoo  trb  I.ioa  and  Etoau.  iA,  vn  Riobit,  B,  n  Old 

Trachoma). 

A  ahowa  tlie  way  in  which  \t»  two  forma  of  hypertrophy  of  th<>  conjunrtiva  uro  di«ril)iitiHl 
MIMOf  the  aepamt«  divinoiui  of  Ihc*  latter  ;  //,  the  slag«  of  af<|iifla-  nf  tmi-lionm  ;  a,  «,, 
•ijnalirowii :  o,  0|,  furrt>vv  li.  rw'-tn  the  brow  and  the  lid  (auii-us  orl>it4>-()al(>cliraHti> ;  d.  <l,, 
eofoinf  fold  ;  c,  cilia  i'  r  po^iticm  :  Cj.  cilia  turned  toward  tin-  i-orn.-n  :  i,  frtv 

border  of  ih«*  lid,  «ilh  '  "f  thf  iiiiimt  and  lower  lidn  runiiiiiK  iwiralletaiid  lite 

KHKcinor  m;iri.-Mi^  <il'  lli.  ;  r,,  frw»  Uirdcruf  the  lid,  lixikiiif;  hacKwurd.  Am)  with 

I  pii-'  uuiirti  .   /,  larwis  (Uickencd  l)y  Intlltrutioii  and  uovtrt-d  with  the 

ycln-' ■  '  ;  '|,  tiirsiis  thliiiH'd  lalrophli-i,  lient  at  ati  aiiclo  cettf  its  fn-p  I'X- 

tnuli '  >i  N> Ill  r')iiTh<-li(iiii  :/,  fornix  with  numi-roiiH  trachmtia  frraiitila- 

lloaa.  ,  'iv<i:/,.  fornix  yiii<>r»th,  without  fold»  iFymlilfiiliaruii 

poati*)  '  the  upp«*r  hjilf  nf  the  cornea  ;  }«,.  a  panuua  that  hnti 

uader^'  ver  the  whole  conie«. 


stndded  with  coarse  grannies,  with  small  nodules,  or  even  with 
rmapbcrry-liko  projections.  There  is  now  no  thickening  of  the  con- 
junctiva, the  subjacent  Meibomian  glands  being  visible  through  the 
latter.  This  kind  of  hypertrophy,  which  is  called  the  papillaris  form, 
is  fonnd  exclusively  in  the  tarsal  conjunctiva  (Fig.  19  A).    It  is  always 
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most  clearly  pronounce«!  on  the  upper  lid,  which,  therefore,  must  be 
evertoti  in  muktiig  tlie  diagnosis  of  the  traehuam. 

The  second  form  of  hypertrophy  is  characterized  by  the  presence  of 
the  trachoma  j^jranules.  These  are  gray  or  yc41ow,  translucent,  roundish 
budies,  which  push  up  the  most  superliciul  layers  of  the  oonjunclivu  iu 
the  form  of  a  hemisphere,  and  are  visible  through  the  conjunctiva.  On 
account  of  their  trauslucent,  seemingly  gelatinous  character,  they  have 
been  likened  to  tlie  eggs  of  frog-spawn  or  to  grains  of  boiled  sago.  They 
arc  found  ijrincipally  in  tlio  fold«  of  trausitiun  ( /,  Fig.  10  J),  in  which 
they  are  imbedded  in  such  numbers  that,  when  the  lower  lid  is  drawn 
down,  the  fold  projects  as  a  thick,  rigid  swelling,  at  the  summit  of  which 
we  sometimes  see  the  granules  arranged  in  r<iws  like  a  string  of  pearls. 
In  the  conjunctiva  tarsi  the  trachoma  granules  are  less  readily  visible. 
Tliey  are  smaller  in  this  situation,  and  can  not  push  the  conjunctiva 
up  because  the  latter  is  vcr\  closely  adherent  to  the  tarsus.  Here^ 
therefore,  they  generally  iip])ear  as  sniiill,  bright-yellowish  points,  which 
are  situated  deeply  in  the  mucous  membrane;  quite  often,  though, 
thoy  are  hidden  from  sight  altogether  by  the  development  of  the  pa- 
pill».  More  rarely  trHclmnia  granules  are  found  in  the  semilunar  fold 
as  well  as  in  other  jiarls  of  the  conjunctiva  of  tlie  eyeball.  This 
variety  of  prolifenitiou  of  the  conjunctiva  is  culled  the  tjrtniular  form. 

The  two  forma  of  proliferation  of  the  conjunctiva  sometimes  occur 
separately.  In  the  great  majority  ()f  cases,  lujwever,  both  are  found  at 
the  same  time  in  the  same  eye,  and  so  distributed  that  iu  the  conjunc- 
tiva of  the  lids  the  most  prominent  feature  is  the  proliferation  of  pa- 
pilla*, in  the  fold  of  tnmsition  it  is  the  formation  of  trachoma  granules 
(Fig.  19  A).  The  conjunctiva  of  the  eyeball  is,  in  light  eases,  un- 
altered, l)ut  when  the  irritation  is  mtjre  intense  shows  a  coarsely  reticu- 
late injection.  The  conjunctiva  discharges  a  purulent  secretion,  the 
quantity  »tf  which  is  more  abundant  in  the  fresh  cases  and  those  at- 
tended with  uiiirkcd  syniploms  of  irritation.  In  older  cases,  on  the 
contrary,  and  in  tliose  which  run  a  more  sluggish  course,  it  is  verv 
scanty. 

The  disturbance  of  sight,  of  which  many  patients  complain,  is 
founded  upon  a  complication  affecting  the  cornea,  and  uppttiring  under 
two  different  forms,  pannus  and  ulceration,  whicli  very  frerjueutly  occur 
together. 

Pannus  *  trachomatosus  consists  in  the  deposition  upon  the  surface 
of  the  cornea  of  a  newly  formed,  brawny,  vtis<'ular  tissue,  which  pushes 
its  way  from  the  edge  toward  the  center  of  the  cornea.  At  the  spot 
where  the  pannus  is  located,  the  surface  of  the  cornea  is  uneven  and 
studded  with  fine  projections,  and  there  is  a  gray,  translucent,  super- 
liciully  situated  cloudy  mass,  which  is  traversed  by  numorous  vessels. 

*/bnnu8,  a  cloth. 
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The  latter  spring  from  the  vosseis  of  the  conjunctiva,  wliich  pass 
over  ihp  limbiia  and  out  ii^wn  the  cornea,  and,  iifter  arriving  within 
the  pannns,  branch  in  an  arborescent  fiusiüon.  The  j)annu8  ordi- 
nnril.v  begins  ita  development  at  the  npj)er  margin  of  the  coniea,  and 
cover  first  the  upper  half  of  ilie  latter  (/>,  Fig.  10  A).  Quite  often 
it  tt'rminiiles  below  in  u  shar]i,  straight,  horizontal  bonier.  Aftor- 
WATil  pannu8  develops  at  other  ]iortions  of  the  corneal  margin,  until  at 
length  tlio  entire  cornoa  is  covered  by  it.  When  panuus  is  pretty  fully 
developed,  the  iria  likewise  participates  in  the  inflammation  (iritis). 
Disturbance  of  vision  set«  in  as  soon  a.«5  tlie  jütnnus  has  advanced  into 
the  pupillary  area  of  the  cornea — that  i^s,  in  that  region  of  the  hitter 
which  lies  directly  opposite  the  pupil.  If  this  region  is  entirely  cov- 
ered by  pannus,  vision  is  reduced  until  it  is  limited  to  the  recognition 
of  large  objects,  or  eveu  to  the  mere  ability  to  distinguiäh  between 
light  and  darkness  ((juantitativc  vision). 

Tho  ulcers  of  the  cornea  either  develop  at  a  spot  that  is  otherwise 
normal,  or  they  occur  in  connection  with  pannus.  In  the  latter  caw 
they  are  found  principally  at  the  free  border  of  the  pannns,  more  rarely 
within  the  latter.  Since  their  character  agrees  with  that  of  ulcers  of 
the  cornea  generally,  a  more  detailed  account  of  them  will  be  given 
under  the  latter  hoiul  (gg  34  et  seq). 

Course. — This  is  of  the  following  character:  The  hypertrophy  of 
the  conjunctiva  graduidly  incresises,  growing  steadily  greater,  until  it 
has  TWiched  a  certiiin  height  which  is  not  the  same  in  all  cases.  Then 
it  di8ttpi>ear3  again,  step  by  step,  while  a  cicatricial  state  of  the  cou- 
juncti\'a  with  contraction  takes  it'*  jtlace.  In  this  way  the  trachoma 
is  cured  in  tlie  sense  that  the  speeiüc  moihitl  process  has  cotno  to  an 
end.  Nevertheless,  the  conjunctiva  has  not  become  normal  again  by 
any  means;  on  the  contrary,  it  bears  u])on  it  lasting  marks  of  the 
disease  that  has  pa.st,  naniely,  the  signs  of  a  cicatricial  contraction 
which,  in  maiky  instances  entails  other,  a<lditional  consequences,  such 
H3  we  will  group  together  under  tho  phrase  "the  state  of  scquelaj  of 
trachoma,"  Tho  more  considerable  the  degree  which  the  hypertrophy 
of  the  conjunctiva  attains,  tho  greater  and  more  striking  is  the  con- 
traction of  the  latter,  and  the  longer,  too,  is  the  duration  of  the  disease, 
which  in  most  ca«es  is  counted  by  years.  Accordingly,  there  is  a  direct 
projiortiou  between  the  severity  of  the  disease  and  its  duration,  as  well 
as  Ü»e  .severity  of  it»  later  sequela«.  The  ohjfct  of  the  treatment,  there- 
fore, must  consist  in  checking  the  hypertrophy  of  the  conjunctiva 
while  it  is  developing,  as  thus  both  the  duration  of  the  disease  is  short- 
ened an<l  itü  evil  conse^pietices  also  are  rciliict-d  to  a  smaller  amount. 

In  the  conjunct irit  tarsi,  the  beginning  of  i\w  formntiitn  of  cica- 
trices is  betokened  by  a  few  narrow,  whitish  Striae  (fine  cicatricial  bands), 
which  we  boo  emerging  in  the  midst  of  tlio  i*oddened  and  thickened 
conjunctiva.    These  stride  gradually  become  more  numerous  and  unit« 
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to  form  a  deliciiito  network,  the  mpshes  of  wliirli  arc  oeciipiei!  by  reel  inl- 
auds — that  is,  by  those  portions  of  (he  conjunctiva  whicli  lire  still  liyper- 
lemic  and  hyperirophied.  Little  by  little  the  cicutrieial  linos  grow  etead- 
ily  broader  and  the  islands  that  they  inclose  steadily  narrower,  until  at 
longth  tliat  condition  is  produced  in  which  the  conjunctiva  of  tlie  tarsus 
has  l>ocome  perfectly  pulf ,  thin,  and  smooth.  The  cicatricial  condition 
of  tho  conjunctiva  corresponds  in  extent  and  intensity  to  the  anwuntof 
hypertropliy  that  has  ])reueded  it.  In  lho.se  cases  in  which  the  hyi)er- 
trophy  of  the  fonjnnctiva  ha.s  attained  a  considerable  height  iu  certain 
spots  only,  it  is  also  only  at  these  spots  that  deep  cit;atrices  remain 
aftor  the  trachoma  has  run  its  course,  while  those  parts  of  the  conjnnc- 
ti\*a  which  were  simply  infiltrated,  or  were  hypertrophic  to  only  a  very 
slight  degree,  return  to  the  normal  state. 

In  the  conjKucfivu  of  the  fornix,  the  same  conversion  of  hyper- 
trophy into  cicalrioial  contra(!tion  takes  place.  Only,  the  external 
phenomena  are  somcwhiit  different.,  in  conformity  with  the  different 
character  of  the  conjunctiva  in  this  situation.  Hero  we  do  not  see 
any  whili.sh  bands,  but,  avc  find  that  the  thick  swellings  which  are 
formed  by  the  hypertrophic  fold  of  transition  are  becoming  gradually 
thinner  and  Ratter.  Associated  with  this  process,  and  proceeding  with 
it  step  by  step,  is  a  condition  of  contraction  taking  place  in  the  con- 
junctiva, a  condition  which  steadily  increases  until  even  the  folds  that 
in  live  normal  eye  are  present  in  the  fornix  are  smoothed  out  and  dis- 
appear (Fig.  ID  B  at/J.  The  conjunctiva  has  grown  pah»,  aiul  a  deli- 
cate bluish-white  coating  is  witness  to  the  cicatricial  character  of  its 
superficial  layers. 

Pannus,  provided  that  further  changes,  such  as  will  be  described 
hiter,  have  not  occurred  in  it,  is  capable  of  complete  retrogression,  so 
that  the  cornea  can  reacqitire  its  normal  transparency.  Ulcers  heal, 
leaving  beliind  them  cloudy  spots,  the  influence  of  which  upon  vision 
is  dependent  upon  the  degree  of  their  opaqueness  and  also  upon  iheir 
situation  within  ttie  jvupillary  area  of  the  cornea. 

The  morbid  changes  in  the  conjunctiva  and  cornea,  which  are 
chamcteristic  of  trachoma,  vary  so  greatly  in  their  intensify  that  it  M-ill 
be  necessary  to  distingui.sli  the  cases  into  those  that  are  light  and  those 
that  are  severe.  In  the  lightest  cases  the  hyijcrtrophy  of  the  conjunctiva 
is  small  and  the  cicatncial  formation  that  succeeds  it  is  correspondingly 
insignificant ;  so  much  so,  perhaps,  that  it  may  scarcely  be  possible  any 
longer  to  make  the  diagnosis  of  trachoma,  if  some  lime  has  elapsed  since 
it  oiXiurred.  When  once  the  cornea  has  become  inijjlicated,  the  case 
must  always  be  characterized  as  severe.  It  must  bo  remarked  how- 
ever :  (I)  Tluit  the  .\vmptoms  of  irritation  do  not  always  by  any  means 
bear  a  fixed  proportion  to  the  objective  changes;  cases  with  very  great 
hypertrophy  of  the  conjunctiva  and  thick  pannns  often  rnnnin,g  their 
course   without  infknimatory  accidents,  and   vice   versa.     (2)   That 
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Bimilarly  no  fixed  rclatiou  exists  between  the  changes  iu  the  conjano- 
liva  of  the  lids  and  those  of  the  cornea.  We  see  cases  with  very  pro- 
nonneed  proliferation  of  the  palpebral  conjunctiva  without  putnms, 
and,  on  the  other  hand,  cases  with  panniis  and  ulcers  associatüd  with  a 
trttling  affoction  of  the  conjunctiva.  (3)  In  one  and  the  same  case 
tho  course  is  often  very  variable,  in  that  sometimes  iutormissions  or 
jven  s|>ontaneous  partial  recoveries,  sometimes  relapses  and  exacerba- 
ions,  occur.  The  latter  are  surely  to  be  exjiected  if,  in  a  case  that  has 
been  improved  by  treatment,  treatment  is  too  soon  discontinued  ;  but 
^^t  is  noticed  that  they  also  occur  without  any  known  cause  under  ap- 
^K>ropriutc  treatment  properly  carried  out.  Thus  a  suddenly  oecurrinw 
^Kupplemoutal  attack  of  pannus  can  in  a  short  time  annihilate  the  results 
^"of  months  of  treatment. 

It  is  not  only,  however,  with  regard  to  the  intensity  of  the  morbid 
changes,  but  also  with  regard  to  tlie  .«?r//V«ftv.*  with  which  they  take 
placv  that  such  groat  variety  jirevails,  and  the  same  is  true  of  the  as- 
sociated symptoms  of  irritation,  which  are  usually  the  more  consider- 
able the  more  rapid  the  progress  of  tlie  disease.  In  the  majority  of 
caset»  the  disease  sets  in  with  nK«lerate  symptoms  of  irrJttition — photo- 
phobia, lachrynuition,  pain — which  augment  with  the  increase  in  the 
^objective  changes.  Not  infrequently,  however,  trachoma  develops  so 
idiously  that  for  a  long  time  those  whom  it  has  attacked  are  not 
of  it.  Such  persons  sometimes  do  not  have  their  attention 
led  to  their  disease  until  the  pannus  as  it  covers  the  cornea  begins 
disturb  their  sight.  These  cases  belong  as  a  rule  to  the  gniuulur 
form  of  trachuma.  When  the  jieople  living  in  barracks,  schools,  etc., 
,lhat  are  infected  with  trachoma  undergo  medical  examination,  there  is 
Iways  found  a  number  of  inmates  who  do  not  complain  of  any  troubles 
rhatever  and  who  regard  themselves  as  perfectly  healthy,  while  esain- 
liation  shows  in  the  folds  of  transition  a  very  consideraltlc  devclop- 
lent  of  trachoma  granules.  In  contrast  with  cases  running  this  in- 
IdtouB  course  are  the  cases  of  what  is  called  acute  trachoma.  In  these 
disease  begins  with  very  violent  inflammatory  accessories ;  the 
letmi  of  the  lids,  tho  great  swelling  of  the  conjunctiva,  the  profuse 
»rulent  secretion  would  almost  IcAd  us  to  imagine  the  case  to  be  an 
jute  blennorrho'a.  The  correct  diagnosis  can  be  made  as  a  rule  by 
finding  the  conjunctiva  studded  with  numerous  trachoma  granules, 
if  these  are  absent  during  the  first  days  of  illness,  or  if,  because  of 
le  great  swelling  of  the  conjunctiva,  they  are  not  apparent,  the  subse- 
|neut  course  of  the  disease  may  be  the  only  thing  that  can  clear  up  the 
iture  of  the  latter ;  which  it  does,  since  the  hyiM?rtrophy  of  the  con- 
inetiva,  that  is  characteristic  of  trachoma,  soon  develops.  Such  acute 
occur  chiefly  during  the  prevalence  of  an  epidemic  of  trachoma; 
py  are  dangerous  to  sight  not  »o  much  on  account  of  pannus  as  of 
>rDeal  ulcers,  tlmt  nuike  their  ap[)earance  during  the  acute  stage. 
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15.  Stage  of  Sequel EB  of  Trachoma.— It  is  only  the  liglitest  cases,  or" 
those  tlmt  vonie  aii'ler  trt'utmt'Lit  early,  that  are  coiiipletcly  curcch  In 
other  cases  there  are  left  sequelae,  which  are  acrompanied  by  a  per- 
mauent  impHirmeiit  of  tlje  eye.  These  aJTect  either  tlie  lids  and  con- 
junctiva or  the  cornea.     They  are  as  follows: 

1.  Didurtion  (if  the  lidn  w'xüx  faulty  disposition  of  the  cilia.  The 
distortion  is  produced  by  the  cicatricial  contraction  of  the  conjunctiva 
and  the  turijiis,  as  a  result  of  which  the  tarsus  bends  in  such  a  way  as 
to  1)6  convex  antenorly.  This  distortion  is  recognizable  even  from  an 
inspection  of  the  Uds  while  in  situ,  from  ihe  fact  that  they  bulge  more 
tlian  usual.  It  appears  still  more  clearly  on  everting  the  lids,  especially 
in  the  npper  lid,  in  which  the  distortion  is  always  more  pronounced. 
\\\}  tiiid  the  conjunctival  surface  of  this  lid  traversed  by  cicatrices, 
among  wliit-h  one  that  is  particularly  striking  is  a  cicatricial  band 
which  runs  in  the  form  of  a  narrow  vvliite  line  two  or  three  millimetroa 
above  the  free  edge  of  the  lid  and  parallel  with  it.  Along  this  line 
there  is  a  furraw-liko  depression  ]>roduced  by  the  drawing  in  of  the 
conjunctiva  and  tljc  tarsus.  On  everting  the  lids  we  feel  that  this 
spot  corresponds  to  an  angular  bend  of  the  tarsus  (/,,  Fig.  19  li),  which 
lies,  therefore,  in  the  neighborhood  of  the  free  border  of  the  lid.  From 
this  bending  of  tlie  tarsus  the  whole  lid  acquires  a  boat-like  or  bowl- 
like shape. 

The  cause  of  the  distortion  of  the  tarsus  lies  partly  in  tlie  cicatricial 
contraction  of  the  conjunctiva;  for,  as  the  conjunctiva  grows  shorter 
upon  the  posterior  surface  of  the  tarsus,  it  tenuis  to  bulge  the  latter 
forward.  But  the  distortion  is  mainly  produced  by  changes  in  the 
tarsus  itself.  The  latter  is  as  much  the  seat  of  inflammatory  infiltra- 
tion in  severe  cases  of  trachoma  as  the  conjunctiva  itself.  It  is  hence 
increased  in  size  and,  when  we  evert  the  lid,  we  feel  that  it  is  tliicker, 
wider,  and  at  the  same  time  less  pliable,  so  that  soinetiniea  the  eversion 
of  the  lids  is  rendered  consiilerably'nwre  ditlicult.  From  such  a  state  of 
things  the  experienced  observer  wonld  infer  that  he  has  to  fear  a  sub- 
sequent distortion  of  the  tarsus  with  its  consequences.  The  infiltra- 
tion and  thickening  of  the  tiirsns  are  greatest  near  its  lower  margin, 
along  the  line  at  which  the  blood -ves.sels  passing  to  the  conjunctiva 
from  in  front  perforate  the  tarsus  (see  page  3G  and  Fig.  H3,  rp). 
There  is  no  doubt  hut  that  it  is  rhiolly  along  these  vessels  that  the  in- 
flammatory infiltration  makes  its  way  from  the  conjunctiva  to  the  tar- 
sus. Hence,  cicutriciaJ  contraction  which  succeeds  the  infiltration  and 
which  makes  tlie  whole  tarsns  thinner  and  narrower,  is  greatest  at  this 
spot  and  produces  there  an  angular  bending  of  tlie  tarsus,  correspond- 
ing to  which  is  the  cicatricial  line  that  is  seen  running  horizontally 
upon  the  conjunctiva  tarsi,  and  the  jiosition  of  which  accordingly  agrees 
in  general  with  that  of  the  sulcus  subtarsalis  present  in  the  normal  lid. 

The  immediate  consequence  of  the  distortion  of  the  lid  is  an  altera- 


I 


DISEASES  OP  THE  CONJUNCTIVA. 


C5 


lion  in  the  position  of  its  free  border  and  of  the  cilia  springing  from  it. 
In  llu*  iipppr  lid  the  frei'  border  no  loiigiT  looks  straight  downward,  but 
downward  and  backward  (inward).  The  internal  margin  of  the  lid, 
which  in  tbf  healthy  state  is  sharp,  bcfomes  rounded  off  ("■  shaved  off '") 
and  is  no  longer  to  be  recognized  with  distiuclnesa  (Fig.  19  /?,  r,), 
this  being  due  partly  to  the  way  in  which  it  is  drawn  by  the  contract- 
ing conjunctiva,  partly  to  the  pressure  of  the  eyeball  upon  it.  By  the 
turning  inward  of  the  free  border  of  the  lid  the  direction  of  the  cilia 
{c^)  i»  changed,  so  that  they  now  no  longer  look  forward,  but  look 
doiroward  and  backward,  and  touch  the  surface  of  the  cornea  (in'rhi- 
ojrü).  Another  factor  besides  the  distortion  of  the  tarsus  that  con- 
tributes to  this  false  position  of  the  cilia,  is  the  tension  which  the  con- 
tracting conjunctiva  exerts.  This  tends  to  draw  the  skin,  and  with  it 
the  cilia,  over  the  free  border  of  the  lid  and  up  upon  tlio  posterior 
garface. 

If  the  distortion  of  the  lid  progresses,  the  entire  border  of  the  lid 
tnrna  backward  and  entropion  is  produced.  In  trichisisis  and  entrojiion 
alike  there  is  a  permanent  condition  of  irritation,  whicii  is  excited  and 
niaintainetl  in  the  eye  by  the  constant  contact  of  the  cilia  with  the 
ooruea;  if  this  condition  lasts  any  length  of  time,  diseases  of  the  cornea 
make  their  appearance  as  a  consequence  of  the  raeclianical  injury  pro- 
duced by  the  cilia  (see  §g  36  and  4G). 

The  opposite  kind  of  anomaly  of  position  of  the  lid — that  is,  its 
turning  outward,  or  ectropion — also  «)ccurs  as  a  result  of  trachoma.  The 
cause  of  this  is  that  the  conjunctiva,  when  it  is  thickened  and  has  uu- 
detgone  grejit  proliferation,  crowds  the  lid  away  from  the  eyeball ;  the 
contraction  of  the  muscular  tibers  of  the  orbicularis  then  suffices  to 
complete  the  eversion  of  the  lid.  This  kind  of  ectropion  i»  usually 
found  only  in  the  lower  lid  (see  §  IVi). 

'•I.  Symblepharon  Pnsteriun. — When  the  cicatricial  contraction  of 
the  conjunctiva  reaches  a  high  degree,  the  folds  of  the  region  of  tran- 
sition flatten  out  comjdeiely;  the  conjunctiva  passes  directly  from  the 
lid  to  the  eyeball  (/,,  Fig.  19  B).  If  the  lower  lid  is  drawn  dowu  with 
the  finger,  the  conjunctiva  stretc:hes  tightly  in  the  form  of  a  vertical 
fold  between  the  lid  and  the  eyeball,  and,  if  the  lid  is  drawn  down  still 
farther,  the  eyeball,  being  fastened  tightly  to  it  by  the  conjunctiva» 
roust  follow.  This  condition  is  characterized  as  symblcphurnn  pos- 
terius (see  8  25).  In  particularly  severe  cases  the  lower  half  of  the 
conjonctival  sac  is  reduced  to  a  shallow  groove  between  the  lid  and  the 
«yeball. 

3.  A'eroHta  Conjunctival, — When  very  greatly  contractc«!,  the  con- 
junctiva loses  its  power  of  contributing  through  its  own  special  secre- 
tion to  the  moistening  of  the  eyeball.  A  feeling  of  dryness  develops 
in  the  eye;  the  scanty,  rauco-purulent  secretion  shows  a  tough,  sticky, 
\i8cid  character.    Subsequently  there  appear  ou  the  conjunctiva  tarsi 
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several  drv-Iooking  places,  to  wliich  the  lachrymal  fluid  cau  not  adhei 
anymore  thim  if  they  were  smeared  with  greHse.  This  condition  ten 
to  spread,  until  finally  the  einjunctiva  may  be  affected  by  it  through- 
out its  whole  extent.  The  conjunctiva  in  that  case  looks  dry  and  brit- 
tle; the  laehrvmal  fluid,  which  is  secreted  in  less  amount  than  usual, 
does  not  adhere  to  it.  The  cornea,  which  as  a  rule  has  become  jmrtly 
cicatricial  from  previous  panuu»  and  ulcers,  likewise  suffers  from  tlie 
deficient  moistening  ;  its  epithelium  becomes  thicker,  epidermoid,  dry 
upon  the  surface,  and  hence  opaque.  Thus  is  produced  that  melan- 
choly condition  which  is  called  xeruphlhalmus  and  which  forms  the 
worst  termination  of  trachoma :  the  eye  is  rendered  incurably  blind,  is 
disfiguring  to  its  possessor,  and  in  addition  keeps  torturing  him  with  a 
constant,  very  tormenting  souse  of  dryness  (see  §  26,  xerosis  conjunc- 
tivae). 

4.  Corneal  Opacities. — These  are  after-effects,  both  of  ulcers  of  the 
cornea  and  of  pauuus.  A  recent  paunus,  it  is  true,  can  disappear  com- 
pletely by  a  process  of  resorption,  so  thiit  the  cornea  reucquires  its  nor- 
mal transparency  But  often  further  changes  take  place  in  the  pannus, 
which  render  its  complete  disappearance  impossible.  Among  them  is 
to  be  reckoned  in  the  first  ])lace  («)  the  tranx/oniutfion  iuf»  connective 
tissue^  which  the  pannus  undergoes  if  it  lasts  for  a  long  time.  In  this 
the  same  change  takes  place  in  the  pannus  as  in  the  trachomatous 
conjunctiva,  a  portion  of  tlio  round  celli?  of  which  the  pannus  is  com- 
posed growing  into  spindte-cells  and  liiutlly  into  connective-tissue 
fibers.  As  a  consequence  of  this  the  pannus  becomes  thinner,  its  sur- 
face grows  smooth,  the  vessel*  with  a  few  exceptions  disappear,  and  at 
length  the  pannus  is  transformed  into  a  thin  nienibnine  of  connective 
tissue  which  covers  the  surface  of  the  cornea.  This  connective  tissue 
no  longer  admits  of  resorption.  In  cases  in  which  the  pannus  is  quite 
thick  and  succulent  and  covers  the  whole  cornea,  {b)  ectasia  of  the 
cornea  sometimes  results.  That  is,  as  the  tissue  of  the  pannus,  which 
is  soft  and  abounding  in  cells,  penetrates  more  deeply  into  the  cornea, 
the  tissue  of  the  latter  softens  and  gives  way  before  the  intra-ocular 
pressure  (keratectasia  e  pan  no).  Such  a  cornea  never  becomes  perfectly 
clear  again.  The  same  thing  is  true,  finally,  of  those  cases  in  which 
(r)  pannus  is  eomplicate-J!  with  it/rers  :  the  regions  wliich  are  occuj)ied 
by  the  latter  likewise  have  permanent  opacities  left  upon  them. 

Trachoma,  then,  is  a  disease  which  is  distinguished  by  its  duration, 
extending  over  years,  and  which  in  many  cases  renders  those  who 
are  attacked  by  it  half  or  wlmlly  blind.  If  we  add  to  this  the  fact 
that  because  of  its  infections  nature  it  is  exceedingly  apt  to  spread,  we 
shall  understand  how,  for  those  regions  in  which  it  is  endemic,  it  is  a 
veritable  scourge. 

16.  Etiology. — Trachoma  originates  exclusively  in  infection  pro- 
ceeding from  another  eye  affected  with  trachoma.      Infection  takes 
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place  by  transfer  of  the  secretion ;  contagion  by  means  of  the  atmos- 
phere, the  existence  of  which  wjw  formerly  accepted,  seems  not  to 
«MX'ur.  In  all  probability  the  secretion  owes  its  infectious  character 
to  a  micrococcus,  in  regard  to  whose  nature,  however,  investigations  so 
far  have  led  to  no  concordant  results.  Since  it  is  the  secretion  alone 
tliat  tninsraits  the  infection,  the  danger  of  infection,  which  any  given 
caso  carries  with  it,  is  in  direct  proportion  to  the  amount  of  the  secre- 
tion ;  the  more  profuse  the  latter,  the  greater  being  the  danger  of  those 
in  the  immediate  neighborhood  of  the  patient.  The  transfer  of  the 
secretion  from  one  eye  to  another  getiemlly  takes  ])l:ice  indirectly 
through  the  medium  of  the  finger  or  chicily  through  the  medium  of 
certain  articles  of  the  toilet,  like  sponges,  towel»,,  handkerchiefs,  etc., 
which  are  brought  iuto  contuet  witli  the  eyes.  A  apot-iul  opportunity 
for  this  to  ocrur  iü  afforded  when  a  pretty  large  number  of  people  have 
their  sleeping-apartments  in  common,  and  so  make  common  use,  too, 
of  the  articles  above  mentiüiied.  Hence,  trachoma  sprejids  most  exten- 
Mvely  in  barracks,  ]ic'nal  fstahlishn^etits,  poor-houses,  or]ihaii-asylums, 
boarding-schools,  and  indeed  schools  of  all  kinds,  etc.  Moreover,  out- 
side of  mch  institutions  the  same  factor  asserts  itself,  since  trachoma 
preferably  att^icks  poor  people  who  live  crowde<l  close  together  and 
bestow  little  care  upon  cleanliness.  Moreover,  the  fact  that  in  many 
countries  the  Jews  are  special  sufferers  from  trachoma  is  to  be  attrib- 
nl«d  to  the  same  cause.  Trachoma,  finally,  varies  in  its  geographical 
distribution.  It  is  most  frequent  in  Arabia  and  in  Egypt,  which  is 
regarde<l  as  its  j»roper  home  (ophthalmia  ^'Egyptiura,  Egyptian  oph- 
thalmia). In  Europe  it  is  much  more  exteusively  distributed  in  the 
east  than  in  the  west.  Elevated  lands  (Switzerland,  Tyrol)  are  almost 
entirely  free  from  it,  while  it  is  very  frctjucntly  found  in  the  low  lands 
(IVelginm,  Holland,  Hungary,  and  tlie  whole  region  of  the  lower 
hanube). 

Therapy. — The  treatment  of  the  trachomatous  coujuncdva  has  a  two- 
fold object  in  view  :  on  the  one  hand  it  seeks  to  do  away  with  the  inflam- 
matory complications  and  the  increase  of  secretion,  which  is  associated 
with  them ;  on  the  other  hand,  to  further  the  disappearance  of  the  oon- 
'iiMi  tival  liy]>ertrophy.  In  this  way  it  is  most  likely  that  the  process  of 
liking  in  the  conjunctiva  will  be  restricted  as  much  as  possible, so  as 
Ti'  :i\ert  the  evil  consequences  resulting  from  its  cicatricial  cnutraction. 
Wo  attain  both  objects  by  the  proper  employment  of  caustics,  of  which 
two  are  almost  exclusively  in  use  :  nitrate  of  silver  in  two-per-cent  solu- 
tion and  siilphate  of  copper  in  the  form  of  a  stick.  The  silver  has  the 
fecbloc  action,  and  is  therefore  home  better;  cojvper,  Ijcing  applied  in 
eubatancc,  has  a  correspondingly  stronger  cauterant  action,  but  also 
(*auae6  more  irritation.  These  remedies  are,  as  a  rule,  applied  once  a 
day,  it  beitig  only  in  severe  cases  that  they  arc  used  twice  a  day.  The 
indications  for  the  two  remedies  are  as  follows :  Nitrate  of  silver  is  em- 
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ployed  in  all  recent  cases  with  viüleut  inflammatory  gyraptoms  and 
great  secretion.  It  can  also  be  tisfd  when  there  are  ulcers  upon  the 
cornea  that  are  still  in  the  progressive  stage,  if  we  take  care  that  none 
of  the  solution  conies  into  contact  with  the  cornea  itself.  Copj>er 
Bulpliate  is  suitablu  for  thoge  cases  in  wliirh  tlie  iiiilaramatory  eyinj)- 
toms  are  siiiali,  and  its  chief  use  is  in  removing  the  hypertrophy  of  the 
conjunctiva.  For  thi.s  purpose  it  acts  muck  more  energetically  than 
the  silver  solution,  and  shoul  1,  therefore,  be  used  iu  preference  to  it  in 
all  those  cases  in  which  its  appliwition  is  allowable  at  all.  Great  in- 
llauimatory  irritation,  but  most  of  all  the  presence  of  ulcers  of  the 
cornea  in  a  state  of  active  jirogross,  contru-indicate  the  use  of  the  blue- 
stick. 

From  these  indications  it  follows  that,  as  a  rule,  we  treat  a  recent 
case  with  the  silver  solution  until  the  inflamniatory  symptom«  have  disap 
peared  and  the  si'cretion  has  diminished.  As  soon  as  this  has  occurred 
— and  several  weeks  are  generally  sufficient  for  the  purpo.se — we  replace 
the  silver  solution  by  bluestoue.  At  any  rate,  we  must  avoiil  using 
the  silver  solution  for  too  long  a  time  on  account  of  the  argyrosis 
which  may  develop  as  a  result  of  it.  The  copper  is  now  to  be  used, 
the  ap[)licatinn  of  it  b*'iiig  made  stronger  or  weaker  according  to  the 
degree  of  hypertropln  ;  and  is  to  be  kept  up  for  months  and  even 
years,  until  every  trace  of  h^'jiertrophy  has  vanished  and  the  conjunc- 
tiva has  become  free  from  congestion  and  smooth  throughont.  At  first 
the  ai>plicatiou  is  made  every  day;  but  when  only  slight  remains  of  the 
hypertrophy  exist,  it  is  sufficient  to  make  the  ap|>ltcatton  every  other 
day,  and  8ubse<)uently  every  third  day.  Moreover,  the  application  should 
be  made  less  and  less  energetically  all  the  time,  until,  iinally,  when  the 
cure  of  the  trachoma  is  complete,  the  apjilication  is  entirely  suspended. 
Ill  these  later  stages  of  the  disease  we  can  instruct  the  patient  how  to 
evert  the  lid  himself  and  touch  it  with  the  bluestone,  so  that  he  need 
not  come  so  often  to  the  physician.  Or,  we  can  prescribe  for  him  an 
ointment  of  copper  sulphate  (one  half  to  one  percent),  which  he  himself 
can  nib  into  the  conjunctival  sac.  When  there  is  great  cicatricial  con- 
traction of  the  conjunctiva  it  is  not  applicable  at  all,  and  must  be  re- 
placed by  the  use  of  ointments.  A  one  or  two  per  eent  ointment  of 
white  or  yellow  mercuria!  precipitate  (the  latter  acts  more  energetically) 
may  be  rubbed  into  the  conjunctival  sac.  In  relapses  with  great  in- 
flammatory irritation,  such  as  often  occur  in  the  course  of  the  treat- 
ment, the  copp<:T  is  always  to  be  replaced  for  a  short  time  by  the  silver 
solution.  If,  however,  the  symptoms  of  irritation  are  very  violent,  tiio 
silver  solution  itself  can  not  always  be  borne,  and  must  then  be  re- 
placed for  some  time  by  milder  remedies  such  as  instillations  or  com- 
preii.«es  made  with  weak  solutions  of  corrosive  sublimate  or  boric  acid. 

The  treatment  of  trachoma  must  be  kept  up  until  the  hypertrophy 
of  the  conjunctiva  is  completely  done  away  with,  as  otherwise  relapses 
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are  to  b«  look^  for  sooner  or  later.  The  chief  difficnlty  in  the  treat- 
ment Ik«  in  its  grt-at  length,  it  often  requiring  many  niontiis  fur  a  oom- 
pWle  eure-  Thost'  patients  who  Imve  not  the  endurance  or  the  means 
iteoeesary  for  such  a  course,  give  up  treatment  as  soon  as  their  subjeci- 
ITC  troitblea  have  disappeared,  without,  however,  being  completely  cured. 
Then  wo  commonly  see  them  returning  after  some  time  with  a  relapse, 
which  is  often  more  severe  tliau  the  disease  for  whieh  we  originally 
traitcd  them.  This  lack  of  completeness  in  the  treatment  is  the  reason 
why  the  disease  with  many  men  drags  on  through  their  whole  life. 

The  treatment  of  I'tnnplications  affi'cting  the  cornea  is  conducted  on 
the  principle  that  the  affections  of  the  cornea,  caused  by  a  conjum^tival 
trouble,  are  best  cured  by  the  treatment  of  the  conjunctival  trouble 
itadf.  Hence,  ror«/"/;/  ulrerx  and  pannus  oi-curring  in  connection  with 
iracbomu  are  not  combuteti  diretjlly,  but  Inivo  their  cure  brought  about 
by  mean.*?  of  appliontions  made  to  the  conjunctiva.  The  only  limita- 
tion to  tliis  is  that,  where  there  are  corneal  ulcers  in  active  progress,  the 
silver  solution  is  demanded  and  tlio  bluestone,  ou  the  other  hand,  is 
contra-indicuted,  an<l  further,  that  contju't  of  the  caustic  with  the 
corner  should  l»e  avoiilc<l  a«  far  as  possible.  For  the  iritis,  which  is 
not  rarely  assot-iated  with  ulcers  of  the  cornea,  atropine  in  one-per-cent 
eohitiun  is  instillwl.  In  other  respect«,  ulcers  of  the  cornea  are  to  be 
treateil  according  tt»  the  ruK-s  whii-ti  are  in  genenil  applicable  to  them 
(see  §  3»5).  It  mnst  only  be  noietl  that  bandaging,  wliich  is  gener- 
ally indicated  in  the  case  of  ulcers  of  the  cornea,  should  be  avoided  as 
far  as  possible  when  trachoma  is  present,  because  by  the  closure  of  the 
rye  the  sr-rretion  is  rctniiied  in  the  conjunctival  sac,  and  thus  both  the 
Conjun<'tival  and  the  corneal  troubles  are  aggravated. 

Pnnnu*,  in  recent  cases,  disappears  of  itaelf,  simply  from  applica- 
tions being  made  to  the  roujunctiva.  If  the  pannus  is  unusually  dense, 
it  ia  allowable  to  make  careful  applications  of  the  caustic  to  the  pannus 
itaelf.  Since  pannus  is  often  associated  with  slight  iritis,  atropine 
»hnuld  l>e  instilled  from  time  to  time,  in  ortlür  to  keep  the  pupil  diluted 
and  prevent  the  formation  of  posterior  synechias.  Very  old  pannus, 
which  already  is  jurtly  made  up  of  connective  tissue  and  has  lost  all  Imt 
a  few  of  its  vosfcoU,  requires  special  treatment.  Experience  has  shown 
that  further  resorption  can  bo  obtained  in  such  a  pannus  by  exciting  a 
violent  inllammation  in  it,  and  so  producing  an  increased  succulence 
nnd  a  greal<^r  vasmlarily.  For  this  purpose  we  make  use  of  the  je- 
qnirity  treatment  (De  Wecker).  We  here  employ  a  three  to  five  i)er 
cent  infusion  of  jo(juirity,  which  is  prepared  by  steeping  the  ground 
jequirity-beans  for  twenty-four  hours  in  cold  water.  With  this  infusion, 
which  is  to  be  prepared  fresh  every  day,  the  conjunctiva  of  the  everted 
lida  is  painted  very  thoroughly  two  or  three  times  a  day.  The  inflam- 
nwtion  that  is  thus  produced  reaches  the  desired  height  on  the  second 
or  third  dav,  when  the  lids  arc  reddened  und  are  swollen  with  oedema, 
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the  conjunctiva  is  strongly  injected  and  covered  with  a  croii^ 
mcmbrauc,  and  slight  Chemosis  is  often  present.  This  inliammalion 
we  designate  iis  je(|uirity-o]»hthahni;i.  As  eoon  a.«?  it  hit«  attained  the 
height  just  des<.;ribed,  the  fui'tlier  application  of  the  remedy  is  discon- 
tinued, as  otherwise  we  should  make  the  inflammation  increase  to  tlie 
point  where  it  would  cause  a  nocrotic  disintegration  of  the  conjunc- 
tiva and  cornea.  We  now  allow  the  inflammatiou  to  run  its  course, 
simply  keeping  the  eye  clean;  when  the  inflammation  has  completely 
subsided,  the  cornea  id  found  to  have  gained  in  transparency  as  com- 
pared with  its  fornjer  state,  und  ßoinetimes  to  a  very  considerable  ex- 
tent. This  very  energetic  treatment  is  adapted  only  to  those  old  casea 
of  trachoma  in  which  the  more  pronounced  symptoms  of  inflanimatioD 
are  wanting,  the  conjunctiva  is  in  great  part  eiaitricial,  and  the  cornea 
is  entirely  covered  by  old  panniis. 

Of  the  sequeJw  of  trachoma,  trichiasis  and  entropion  demand  opera- 
tive treatment  (see  the  section  on  operations,  §g  lü8  and  171).  The 
Symblepharon  posterius,  which  is  pro<hu;ed  by  the  shrinking  of  the 
conjunctiva,  is  amenable  to  no  treatment.  Xerosis  of  the  conjunctiva 
is  also  incurable,  so  that  treatment  must  be  limited  to  the  amelioration 
of  the  patient's  sufferings.  To  diminish  the  sense  of  dryness,  frequent 
instillations  of  milk,  glycerin,  or  mucilaginous  substances  (e.  g.,  the 
mucilago  peminum  cydoniorum),  niay  be  made. 

in  addition  to  tlie  foregoing  measures  for  the  treatment  of  tracho- 
ma, it  is  self-evident  that  care  must  be  taken  to  keep  the  eye  clejin, 
for  which  purjiose  avo  may  prescribe  weak  antiseptic  sohitions.  The 
patient  should  have  a  nourishing  diet;  he  ought  not  to  be  kept  in  his 
room,  but,  on  the  contrary,  should  be  made  to  go  out  in  the  open  air 
and  take  exercise,  and  perhaps  may  be  directed  to  engage  in  some  light 
out-of-door  work. 

With  a  disease  of  this  infectious  character,  its  dissemination  should 
be  checked  by  suital>le  prnphijUixiH.  The  physician  must  set  a  gootl 
example,  and  must  cleanse  his  hands  very  carefully  after  touching  a  tra- 
chomatous eye.  lie  tuust  call  the  attention  of  the  patient  affected  with 
trachoma  to  the  iiifectiouH  nature  of  his  disease,  lie  must  teach  him 
how  to  protect  from  infection  the  other  eye  which  may  be  still  liealthy, 
and  how  to  avoid  spreading  the  disease  among  those  m  his  immediate 
neighborhood,  his  fumily,  his  feUow-workmeii,  etc.  For  securing  the 
latter  object,  the  prime  rerjuisite  is  that  the  patient  should  have  his 
own  washing  materials,  linen,  bed,  etc.,  and  should  keep  them  for  his 
own  individual  use. 

The  ]iiru\ention  of  epidemics  of  trachoma  in  public  establishments, 
such  as  barracks  and  institutions  and  schools  of  every  sort,  constitutes 
an  important  duty  of  the  oflicials  in  charge  of  such  j>laces.  These  offi- 
cials sliould  take  care  that  the  membera  of  tlieir  community  have  separate 
washing-nmterials,  linen,  etc.,  for  their  use.     They  should  bo  kept  ap- 
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of  the  presence  of  any  trftchonuitnus  piitients  by  moans  of  fre- 
<|aent  medical  in8j>ection,  and,  as  soon  a^  siiuh  a  patient  is  found,  ho 
)uld  be  immediately  removed  from  the  community;  for,  where  no 
tnohomatouB  patieut  is  found,  no  exteusion  of  the  disease  is  possible. 

TItcrc  is  no  duease  of  the  eyfs  in  regard  to  which  such  a  mass  of  literature 
ttMB  bevn  reared  in  the  course  of  the  a^'cs  iw  in  rc-p«rd  to  tniclioma.  Neverthe- 
Ims,  wc  arc  to-day  still  fur  from  a  clear  understanding  of  the  nnatter,  or  from 
•nj  unity  of  view»  in  regar«!  to  it.  Tlie  uiiiny  people  who  have  worked  uj>od 
tbe  BObject  have  given  us  n  grt-nt  iiuuilier  of  diviKions  uf  (he  disease  and  varioua 
naiaes;  and  the  confusion  has  been  carried  so  tar  that  for  almost  every  desig- 
nation that  we  employ  wc  must  give  a  descri{)lion,  too,  in  order  to  make  clear 
to  our  audience  what  we  mean. 

It  was  at  the  commencement  of  our  own  century  that  trachoma  began  to 
attract  the  attention  of  physicians  to  any  great  degree.  It  was  then  tlrut  (ho 
di^caae  first  showed  itself  us  an  rpiiUmic  annmg  the  Eurnpeuii  armies  (oplithiil- 
tnia  militarist  People  were  of  the  opinion  that  it  hud  been  idtrtxlucod  into 
KurrjfH'  from  Egypt  (hence  ophthalmia  K^gyptiBca)  by  Najtoleoii  I.  For  when 
the  latter,  in  July,  17118,  landed  in  Egypt  will»  an  army  uf  ihirty-iwo  thousand 
men,  most  of  the  soldiers  were  very  soon  attacked  by  a  violent  ophtlmlmia, 
and  these  were  supposed  to  have  brought  vvith  them  upon  their  return  to  Europe 
discttM  which  was  formerly  confined  to  Egyj)t.  Bul>se4|uent  historical  re- 
ihe*» however,  have  shown  that  the  disease  had  already  been  endemic  iu 
Europe  since  antiipiity.  Gelsus  mentions  the  ilisease,  and  gives  a  goo«l  de- 
wription  of  tbe  roughness  of  the  lids  anfl  the  [Mirtilent  discharge  that  it  wca- 
aiooa.  For  treatment  the  ancients  emi^oyeil  scarification  of  the  conjunctiva, 
which  ia  still  to-day  made  use  of  by  some,  and  which  wjis  accom])li&hed  both 
by  mcanä  of  varioua  instruments  and  also  by  friction  with  fig-leaves. 

From  time  immemorial,  then,  trachoma  has  existed  in  Europe  ils  an  endemic 
di;9e«><e.  But  when,  by  rea.«on  of  the  Na|K>le«ntc  wars  (lie  armies  came  so  re- 
pait4;dly  in  contact  with  eacli  other  and  with  the  civil  ]Mi|H)lati<:iii,  the  disease 
became  more  widely  disseminated  ami  ticcuired  in  ejiideniiis.  In  some  coun- 
tries it  l>ecame  frightfully  prevalent.  In  the  English  army,  during  the  year 
1818.  there  were  more  thim  5,(XK>  on  the  invalid  list,  who  had  been  rendered 
blind  aa  a  coiLsequence  of  trachoma.  In  the  Prussian  army,  from  1813  to  1817, 
20,000  to  30,000  men  were  attacked  with  it ;  in  the  Russian  army,  fmm  1818  to 
1839,  70,811  men  were  subjects  of  the  disease.  In  Belgium,  in  1840,  one  out 
of  evrry  five  soldiers  was  affected  with  trachoma.  The  French  army,  whicli 
was  supposed  to  form  the  starting-point  of  the  disea^e,  was  just  the  one  that, 
relatively  8]ieaking,  was  least  attacked.  The  armies  disseminated  tntclumia 
among  the  civil  population  through  the  discharge  of  soldiers  affected  with  eye 
I  diseMHcvs  through  the  quartering  of  tnx)])s,  etc.  When  they  had  so  many 
trachomatous«  soldiers  in  the  Belgian  army  that  they  did  not  know  what  to  do, 
the  Guvemmrnt  applied  to  Jdngkeu,  who  was  at  that  time  a  celebrated  oph- 
lhalmologi4  in  Berlin.  He  recommended  I  hem  to  dismiss  the  trachomatous 
soldiers  to  their  homes.  By  means  of  this  fatal  meiwure  trachoma  .soon  became 
diffused  ia  Belgium  to  an  extent  which  bas  been  observed  in  no  other  European 
sUte. 

Among  the  rhil  population  trachomn  finds  a  favorable  soil  for  its  dissemina- 
In  places  where  many  men  dwell  together,  hence  among  the  poorer  elajwes, 
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but  particularly  in  large  public  asylums.  If  trachoma  hn»  made  its  way  into 
such  an  establishment,  anti  no  mcasuro«  arc  taken  against  its  spreading',  eoon 
ft  great  number  or  even  uH  the  inmates  will  be  attacked  by  it.  In  a  pau]X'r 
school  at  Ilolborn,  the  whole  five  huiulred  children  suffered  from  trachoma 
(Bader).  Ilairion,  in  lö40,  found  in  an  orjihan  ii.'-ylum  at  Mecheln  »ixty-four 
out  of  sixty-sLx  orjihan  girl»  affected  with  tnichoma;  in  Mona,  seventy-one  out 
of  gcventy-four  orphan  girls  were  suffering  from  the  disease.  In  the  wnrkhooe« 
at  Dublin,  no  less  than  184,888  i>erson.H  were  attacked  by  trachoma  from  IM\) 
to  1854.  On  Jmard  «hips,  where  the  crew  live  ho  clotiely  crowded  together, 
trachoma  can  spread  very  «piiikly.  Mackenzie  tells  the  story  of  the  epidemic 
which  nigeil  upon  tlit-  Fniicli  slave-ship  Ilodiur  in  the  year  1810,  The  difK?aäo 
broke  out  during  the  voyage,  and  first  among  the  negroes  who,  to  the  numUr 
of  IHOj  were  crowded  togetlier  in  the  hold.  When  they  took  the  unfortunate 
people  up  on  deck,  becauste  the  fresh  air  seemed  to  have  a  favorable  influence 
on  the  ophtlialmia,  many  threw  themselves  overboard,  8<i  that  they  had  to  desist 
from  doing  this.  Soon  one  of  the  sailors  also  was  attacked,  and  three  days 
later  tlie  captain  and  ulnio.>tt  the  whole  crew  were  taken  down  witij  the  disease, 
so  that  it  wa-s  only  with  llie  greatest  difficulty  that  the  ship  could  Ije  brought 
to  its  destination. 

According  to  the  descriptions  of  that  time,  trachoma  then  ran  a  very  acute 
course,  and  was  attended  with  profuse  secretion,  circiiiiiHluuces  which  explain 
the  rapidity  with  which  the  disease  spread.     It  seoms  that  they  then  had  to 
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Fio,  SO.— C»oa»-«K?no(i  THuoroH  thk  TRArnoKATors  Cosmvuctiva  or  Tnc  Uwtb  Lid, 

Maokified  iUx}. 

Both  mnaJI  im|>(11»p.  P.  P.  P.  «ml  X&rfy  oni»«.  /»,,  f*,.  are  found.  Thp  former  ntand  side  by  «lile 
Jikf  th(»  pifk^-ts  i>f  a  ruiUMaih» ;  llie  (leprt-ssloiw.  t.  t.  t,  l.viiiB  between  Ihem  and  eriated  with 
ptiitbi'liiitii.  l<M>k  Ilk*  rlij*  nibiil«»mvf  eliindH.  Tiw  larpe  'pnpMlie  (MUl«in  trni-honm  in'anulf«, 
T.  T,.  which  arf  not  Mhftr|)l.v  titnft«-«!  and  do  not  iiowm'mi!  a  cbimmIh.  Thv  epitlwliuin  of  the 
conjiinctlvft  i«  in  many  place«,  e.  e,  thlckt'iir*!,  Thf  inu<.x>U(«  (.■ofti  i»  in  n  ponditiim  of  cellular 
inflJtraUan,  u,  wbicli  m  ai|iecUIIir  markMl  In  tlie  vk'lnlty  of  the  blood-vessels.  ii,g, 

deal  with  the  acute  form  of  tmchoma,  which,  now  that  epidemica  have  ceaaed, 
has  become  rare.  At  present  tnithonia  exists  in  many  countries  as  an  endemic 
disesse,  but  mostly  occurs  under  that  chronic  form  nnder  which,  with  scarcely 
any  exceptions,  we  now  sec  it. 

The  different  forms  under  which  trarhoma  shows  itself  nowadays  are  re- 
garded by  wirtu-  as  distinct  d i-Heasc.-*.  In  order  to  discover  the  relation  exiütinß- 
between  these  forms,  we  nuist  study  first  of  alt  tlie  anatomical  »Uenitiona  which 
belong  to  the  different  forms. 

T\\t  papillary  growth»  whicli  impart  to  the  conjunctiva  its  velvety  or  rasp- 
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appearance  are  caused  hy  an  increase  in  size  of  the  surface  of  the 

trophic  conjunctiva.    The  latter  is  thrown  into  folds,  between  which  cor- 

•pondingly  deep  clefts  are  formed;  then  on  cros»-f*ection  the  folds  ap|)ear 

\iift  ilic  form  of  papitlm  (Fig.  20,  /*  and  f\).    Thr*  connective  tissue  forming 

111«-  pApilhc  is  stuffed  full  of  round  cells;  the  surface  of  the  papilliE  is  covered 

rilli  a  viTV  much  lhickenc<l  epithelium  (c,  «•),  which,  of  course,  i»  continued  on 

ito  the  flcpn*.'<<*ions  (/,  0  that  exist  between  the   pnpilhe.     Thc-w  <3epres«ionfl 

U'Dce   have   in   microwuipical  cross-section  the  appeiirance  of  a  narrow  canal 

with  epithelium,  and  were  accordingly  regarded  at  one  time  as  tubular 

Is;  and  hence  the  formation  of  new  glands  was  alleged  to  occur  in  traclio- 

That  this  in  fact  doea  sometimes  occur  can  not  be  abstolutely  denied,  for, 

though  tlie  depresssjuns  between  the  pnpilla^  are  not  glands,  yet  tubes 

coated  with  epithelium  grow  out  from  them  and  extend  into  the  tissue  of  the 

)  conjunctiva,  and  these  tubes  arc  then  in  no  respect  dLstinguisha)>le  from  true 

fland». 

Papillary  hyi>crtrophy  of  the  conjunctiva,  however,  is  by  no  mcHUH  a  char- 

tcristic  feature  of  trachoma,  in  the  sense  of  being  limited  to  it  nlone.     In  a 

invked  degree  it  is  fomid  in  eonnectioo  with  every  long-continued  irrila- 

lof  the  conjunctiva,  a»  in  chronic  catarrh;  in  conjunctivitis  lyniphatica  that 

hated  a  long  time;  in  ectropion,  uiwn  the  portion  of  the  conjunctiva  that 

i»  exposed  to  the  air,  etc.     Papill»,  that  are  large  but  compressed  and  flnt,  are 

distinguishing  mark  of  vernal  catarrh  (<|  20).     Still  more  intense  degrees  of 

T 
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Tut.  tl-— TiucTtoMATor«  QiuNnATioN  PBOM  rtn  Fold  or  TaAMmoK.    M^kaxiFiXD  «»l, 

TW  tmehorr  ■        T  iin«hr«i  up  lh<>  onnjunotiva  In  th>'  form  of  an  elevation,  luid  is 

Int-kiiWil  ki-nnl  ('•>niii'oUv«^  tlKsii<>.  Ihf  •>a|Hiiile,  k.     The  cojijiinrtlv«  Im  iii- 

nitratnl  ^  ....  ....     ii  il«  u)jp<.-r  Indent,  n.  ami  iLlimj?  the- vwtwb.g  :  the  <-|]itheUuin.  r, 

■boir«,  alaivr  (lie  t>lit«.v  itiitrketl  u,  hrlgltl  «pntii  «rliieh  i«nTv«pond  to  the  got>let-ct41«  ;  at  d 
It  hot*  ooc  ot  IK-iite'»  glAnits. 

papillary  growth  are  observed  after  acute  blennorrhea,  whenever  the  ao-ealled 
chronic  btennorrha'a  dcvclitpn  from  it.  For  this  reason  many  authors  call  all 
caf*<«  of  papillary  trachoma  chronic  bleniiorrh<en,  even  though  tliey  have  not 
Ik-ch  pn"cc'de<l  by  acute  blennorrhu^a.  Others  call  the  paj»illary  fonn  ophthal- 
mia pumlenta  chronica,  others  conjunctivitis  gnmulosji  or  granulations,  becaus«; 
the  papilhe  of  the  conjunctiva  have  a  resembhknce  to  the  grantilations  of  a 
wound.  This  resemblance,  however,  is  a  purely  external  one,  since  the  hyper- 
trophied  conjunctiva  doe»  not  have  a  raw  surface,  but  is  covered  with  epithe- 
lium; besides,  by  such  a  desigmiliou.  a  confusion  would  necessarily  be  produced 
with  the  granular  form  of  trachoma. 

The  fninular/orm  is  characterized  by  the  pre9(.'QCc  of  trachomatous  granu- 
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lation.  These,  in  microscopic  cross-section,  appear  as  a  rounded  aggregation 
of  hinph-corimsclfs,  forming,  iis  it  were,  a  little  Iviiiphatic  gland  or  a  l\nii>li»tic 
foUiclf,  (inulogrtus  to  those  which  compose  Fever's  |)utchf'H.  The  trachomatous 
granulatiou  either  passes  without  any  slisirji  line  of  tlvniiirkation  into  the  sur- 
rounding tisane,  which  is  also  very  rich  in  cells  (Fig.  20,  J' and  Ti),  or  it  has 
a  8ort  of  incomplete  capsule  of  connective  tissue  (Fig  21,  T),  This  capftule 
(Fig.  21,  i").  accordiag  to  Ruehlmann,  is  developed  only  in  trachomatous  granu- 
lations which  have  cxJHtcd  for  a  pretty  long  time. 

The  gnmuhir  form  is  called  trachoma  vennn,  tnwhoma  Arlti.  and  trachoma 
foUiculare  (tlorricr).  Many,  in  view  of  the  trachomatous  granulatitms  (gran- 
ules) [jresent,  give  this  form  the  name  of  granulation«,  wlüle,  as  has  been  isaid 
above,  others,  on  the  contrary,  use  just  this  expression  for  the  papillary  form; 
hence  the  confu-^iou  that  exi-ists. 

The  mixed  form  (trachoma  mixtum,  according  to  Stellwag),  which  clinical 
observation  has  already  shown  to  be  the  most  frequent,  ia  proved  by  micro- 
scopical examinati^m  to  be  almost  the  only  une  that  occurs.  That  is,  even  in 
those  ca-ses  in  which  pujiilhe  ahme  apiicar  to  the  naked  eye  to  l:>e  present, 
trachomatous  granulations  are  found  iu  cross-sections  examined  under  the  micro- 
scope, cither  lying  within  iSu-  papillae  themselves,  or  imbedded  in  the  deeper 
portion:«  of  the  mticiMis  merabrune.  In  the  former  ca.se  the  pajnllte  have  a  par- 
ticularly broad  or  even  kuü1>-sluiped  ajipearauce  (Fig.  20,  Pi),  la  the  second 
CBBC  the  trachomatous  granulatioiia  are  concealed  by  the  papillary  bodies,  Ik'- 
neath  which  they  lie;  then  we  often  «ee  them  coming  into  view  afterward,  when 
the  papillary  growths  have  disupijcared,  as  the  result  of  a  prolonged  course  of 
treatment. 

By  tniehtttna  dijft/mim,  Stellwag  understands  a  pretty  high  degree  of  devel- 
opment of  mixed  trachomii,  in  which  large  growths,  which  sometimes  project 
like  a  cu^^k's  comb,  ci*ver  the  tarsal  conjunctiva.  Tht:  ftfutnii/  tniehnmit  of  Stell- 
wag  represents  a  later  stage  of  mixed  trachoma,  in  which  the  [)apillary  excres- 
cences have  ili.sappr-arcd,  and  t\\nn  the  surface  of  the  conjunctiva  has  become 
pretty  smooth;  but  the  lymphoid  intiltration  in  the  deeper  part.B  ha^  persisted, 
or  us  a  result  of  rclajises  has  even  increased.  We  have  in  that  case  a  conjunc- 
tiva which  is  tliickened,  ssmoolh  on  the  surface,  yellowish,  and  of  bniwu-like 
transluceiicy. 

The  transformation  of  the  conjunctiva  into  rietttrirwl  fistiur  proceeds  as  fol- 
low.«*:  A  part  of  the  nuraeroiui  cells  which  are  eoutaiiicd  in  the  conjunctiva,  and 
which  are  either  luiifonnly  tw^'attered  through  it  or  occur  iu  circumscrilwd  ac- 
cumulations (trachonmtous  granulation.s),  diaa[>i>ears  by  resorption  ;  another 
part  gradually  grows  into  spindle-Bba])ed  cells,  and  linally  into  connective- 
tissue  fibers*.  This  uew-fornied  connective  tissue  slirinks,  and  to  such  a  great 
extent  that  the  conjunctiva  contracts  and  becomes  Ihinner  and  of  tendinous 
character.  We  have  here  a  process  similar  to  that  which  occurs  in  cirrhosis  o( 
the  liver — i.  e..  the  shrinking  of  a  new  connective  tissue  which  has  developed 
out  of  an  inflammatory  infiltration.  It  would  be  a  mistake  to  .«uppose  that  in 
the  trachoaiutous  conjunctiva  there  are  raw  sj^ts  which  become  covered  with  a 
cicatrix — a  mistake  into  which  we  might  be  more  apt  to  fall  becau.se  of  the  term 
granulations.  What  we  cull  granulations  in  trachoma  have  nothing  at  all  in 
common  with  the  granulations  of  wounds,  except  their  extemat  appearance. 

Pannn*  proves,  upon  histological  examination»  to  be  a  layer  of  new-formed 
ti^uc,  which,  starting  from  the  lirabus,  spreads  over  the  cornea.     It  con.sist8  of 
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•oft  tissue,  cxtR-mely  rich  in  cell«,  wliicli  -jrcjitly  resembles  the  infiltrated 
L;homutou.s  conjunctiva.     This  ti^ue  ai>uunclü  in  vcHself,  and  occiirii  in  alter- 
[^If  thickrr  aud  thinner  layers,  for  which  rciison  the  ptiunus  looks  uneven 
Oodulat«d<     Pannus,  when  it  bei^^ins,  insinuaU's  itM^lf  between  Biiwtnan's 
itMvne  (Pig.  23,  B)  and  the  epithelium  (Fig.  22,  A'),  the  latter  being  thus 
titftrd  off  from  Bowman's  Diembrane  and  made  to  cover  the  punnus.     The  jw- 
r«'tu-hyiiia  pnipor  of  the  cornea  is  jjrotected  by  the  still  intact  Bowman's  mem- 
brane and  »uilers  no  ciiseuti."d  chang«.     Hence  it  is  poasible  for  the  cornea  to 
,  rfgain  completely  its  normal  structure  and  transparency  aft«r  the  resorption  of 
(the  {KUiDUs,  aiace  then  the  epitliclium  is  once  more  directly  applied  to  Bowman's 
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imaoooR  THB  BLkRoiM  or  a  Cornea  ArrRCTEO  wrra  Pakm*». 


IteoMiLh  Uif<  ppittiellum,  K.  E,  tu  the  limbus.  £,.  ereatly  thickened  bj  o>llular  Infiltration  ;  froot 
II  chfi  iHUiiiuft.  r.  ill  which  am  perct- iveil  the  erom-tectiona  of  oeveral  vmavl«.  extendu  b&- 
twwn  the  v^ibtfUuin  and  Bomuao'a  mvinbraue,  B,  over  Lbe  uomea,  C.    &',  sclera. 

lembrane.     But  this  is  possible  in  recent  ca.<ie8  only  of  panmi3;  later  Bowman's 

'^Biembranc  vjets  to  be  destroyed  in  places,  and  the  jmnnus  then  penrtrales  into 

the  corneal  tiMsiie  prop-r,  the  superficial  layers  of  which  consexjm'ntly  an'  also 

destroyed  in  8|>ot*.     Then  the  com])lete  restoration  of  the  transparency  of  the 

^cornea  has  become  impoHsiblc. 

For  some  forms  and  stages  of  panniis  Riy?cial  names  are  in  use.     A  rccimt 
Bus,  which  has  not  yet  become  thick,  is  cfllled  pannus  teniais,  and,  if  it  is 
^•ry  vascular,  pannus  vasculosus.     If  the  pannus  has  anifuircd  a  considerable 
thlolUieiB,  it  is  then  known  a«  pannus  crassus  or  pannus  carnosus.     Sometimes 
th4»  pannus  is  so  bi^  that  one  mijihl  inuiif^ine  that  he  was  looking  at  exuberant 
j^ranulations  ("proud  flesh")  U|K>n  the  affected  region  of  the  cornea.     This 
pannus  sarcomatosus.     This  adjective  is  also  a]iplied  to  the   ]iroIiferating 
«njunctiva,  as,  for  example,  in  tlie  expres.sion  ectro|H(m  sarcomatosum.      It 
|wauld  l>e  best  to  discard  these  antiquated  expressions  altupether,  and  es|)ecially 
Fthe  de!<>ignntinn  sarcomatosus,  which  can  give  rise  to  confusion  with  neoplasms 
-sarcomata.     An  oltl  panuus,  composed  of  connective  tissue  and  pour  iu  ves- 
ts a  pannus  siccus. 
"What  are  the  emuet  of  pannus  in  trachoma  ?     Some  see  in  pinnus  a  direct 
[transfer  of  the  inflammatory  process  from  the  conjunctiva  of  the  ret^ion  of  transi- 
lon  to  the  cornea.    Against  the  occurrence  of  any  such  transfer  jier  coatiuuitatem, 
It  luu  been  urged,  and  with  justice,  that  that  p«irtion  of  the  conjunctiva  which  is 
iterposed  lictween  the  fold  of  transition  and  the  rim  of  the  cornea,  namely,  the 
conjunctiva  buibi,  takes  little  or  no  part  in  the  trachomatous  process.     Another 
sxplauation  starts  from  the  fact  that  pannus  in  trachoma  as  a  rule  begins  in  the 
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upper  half  of  the  cornea,  and  under  ordinnry  circumstances  has  coverc<l  this 
portion  entirely,  before  the  lower  hnlf  hits  been  sttucked  at  all.  TIiih  would 
indieate  that  the  upper  hii,  by  rensou  of  the  roughness  of  its  conjunctival  sur- 
face, cause.»»  nieeiianieally  iin  irritation  of  the  U[i[ier  half  of  the  cornea,  and  thus 
gives  rise  to  inflrtmmation  in  it.  It  i.-^  not  to  be  doubted  that  this  factor  doe» 
come  into  play  in  tlie  prodtution  of  pnonus,  but  it  can  not  be  the  only  nor  even 
the  most  imjiurtant  causw  of  piinnus;  for  we  often  find  the  greatest  rougime^  of 
the  palpebral  conjuueliva  without  paunus,  and  conversely  find  pannu»  in  caNcs 
in  which  the  palpebral  conjunctiva  is  almost  perfectly  smooth.  At  the  present 
time  we  can  merely  say  that  aaatomicnlly  paniiu.«*  is  analogous  to  trachoma  of 
the  palpebral  eonjunctiva;  that  it  is  a  tniehoniatous  affection  of  that  part  of 
the  conjuneliva  w  hieb  covers  the  cornea — i.  e.,  of  the  conjunctival  layi-r  of  the 
cornea.  That  this  part  of  the  conjunctiva  becomes  diseased  in  tnichoma  as 
readily  as  the  conjunctiva  of  the  lids  or  of  the  fold  of  transition,  should  not 
excite  our  wonder;  ou  the  contrary,  it  is  more  difficult  to  understand  why  the 
remainder  of  the  conjunctiva,  the  conjunctiva  sclene,  doe.»  not  take  a  more 
active  part  in  the  trachomatous  process.  Perhaps  the  folhtw  iiig  explanation  is 
the  correct  one.  Fig.  22  sliows  that  Ihe  infiltration  of  stnall  cells  is  particularly 
marked  in  the  limbus  of  the  cornea  {L},  and  jj^radually  diniiuishes  as  it  extends 
from  the  latter  over  the  cornea  itself.  So  also,  where  we  make  a  microscopical 
inspection,  we  find  the  limlm«,  at  the  spot  where  a  paunus  is  on  the  jKiint  of 
developing,  intensely  reddened  and  so  greatly  swollen  that  sometimes  it  forms 
quite  a  thick  outgrowth.  Hence  the  impettis  to  the  formation  of  n  imnnus 
seems  to  be  given  by  the  trachomatous  affection  of  the  limbus.  Now,  then,  we 
must  ]iropound  the  following  tjuestiuns:  1.  Why  is  it  thiit  the  limbus  in  par- 
ticular is  affected  so  inten.«iely  in  trachoma  't  and.  2.  Why  does  the  imflamma- 
tiim  pas.s  from  the  limbus  to  the  cornea  and  not  in  the  opjxwite  direction — i.  e., 
to  the  scleral  conjunctiva  ?  The  first  (jue.stion  must  find  its  explanation  in  the 
fact  that  the  limbus  is  by  far  the  most  vascular  portion  of  the  bulbar  conjunc- 
tiva, and  hence  the  part  that  is  the  mo^t  apt  lo  be  iufliime<l.  That  the  inflam- 
mation spreads  from  the  limbus  in  a  centrijietal  direction — that  i«,  uimn  the 
cornea,  and  not  in  a  centrifugal  direction  ujwn  the  conjunctiva  sclera!,  agrees 
with  what  we  have  Ijeenable  to  ob.scrsv  in  other  ailect ions  of  the  limbus  and  of 
the  adjacent  portions  of  the  cornea.  We  are  actjuainted  with  many  diseases  in 
which  inflammatory  infiltrations  or  vessels  push  their  way  inward  from  the 
lim>>us  into  the  cornea.  Probably  this  dc[>ends  upon  the  ccntriju-tal  direction  of 
the  circulation  of  the  blood  in  the  seiend  conjunctiva.  The  arterial  vessels  run 
from  the  periphery  toward  the  liuibus,  where  they  fonu  a  dense  network  of  capil- 
lary loops.  At  this  jwint,  where  the  centrij^tal  stream  of  blood  ßnds  its  limits, 
a  circulation  of  lymph  iK'gins,  which  is  directed  in  the  same  sense  and  which 
enters  the  cornea;  and  it  is  in  the  same  direction  that  the  inflammatory  prod- 
ucts advance,  and  that  the  blood- vessels  which  jut  out  from  the  marginal  loof» 
of  the  cornea  tend  to  make  their  way.  Finally,  it  still  remains  to  be  explained 
why  pannus  generally  Ijegins  at  the  lipper  m.irgin  of  the  cornea,  or  why,  in 
other  words,  the  limbus  is  first  nffecteti  at  this  point.  If  an  eye  is  infected 
with  trachoma,  the  ctmjunctiva  is  not  attacked  by  the  infection  in  its  whole 
extent  alike,  but  the  infective  matter  adheres  first  to  some  circumscril>ed  por- 
tion of  the  conjunctiva — generally  to  the  conjunctiva  of  the  tarsus  or  of  the 
fornix,  which  is  particularly  apt  to  l>e  affected  with  trachoma.  Now,  there  are 
two  ways  in  which  the  affection  can  spread  from  the  portion  of  conjunctiva 
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thtt  is  first  attacked  to  ntiicr  partH,  namely,  by  continuity,  in  which  cnae  it 
extend?«  gradually  uver  llii<  ni-i^hboriii^'  parts  ;  and,  by  cuutiguity,  in  which 
owe  thnju^'li  contort  with  the  diMctused  coiijunctivu  tarsi  there  is  uu  infection  of 
those  i>«)rtJons  of  the  cuiijiiDctivii  Imlbi  thut  lie  opposite  the  former,  and  espe- 
cially of  the  limhiui,  which  i*  esjKeiiUly  predisposed  to  iiifeciioii.  Now,  it  is 
preeW-iy  ut  the  upf>er  margin  of  the  cornea  timt  the  /iinbu.s  18  in  contact  with 
ihc  conjunctiva  of  the  upper  liil,  and  that,  too,  not  uuiy  at  night,  but  also  uli 
tl>y,  while  the  «yo  is  open,  since  normally,  even  when  the  eye  is  o]>en,  the  upper- 
moat  part  of  the  cornea  is  covered  by  the  upper  lid.  Here,  therefore,  the  con- 
«t*Qt  conyict  that  exists  is  mo»t  favorable  to  an  infection  of  the  limbus  by  the 
diacnised  c<jnjuuetivu  of  the  lidx.  Tlmt  the  rough  condition  of  the  latter  os^ImIs 
in  the  production  of  thi'<  infection  i«  likely.  Such  a  condition  ucLh  partly  its  a 
111.  I  h^nical  irritant,  jtartly  by  piving  an  im{>etu.s  to  infection  thmngh  the  pro- 
duitionof  i^niall  multiple  lesion»  of  the  conjunctival  and  corneal  epitheliuim 
(Th»t  infection,  by  the  contact  of  opposed  surfaces,  which  is  m>  frequently  ob- 
s*Tve<l  in  the  skin  and  other  organn,  may  also  occur  in  the  conjunctiva,  is 
prove«!  by  the  case  of  vernal  catarrh,  adduced  in  the  note  to  ^  20.} 

Wbut  rvlatfHi  do  the  separate  fijrnis  of  trachoma  bear  to  each  other  ?     Is 

trmcboma  papilläre  (blennurrhu?a  chronica,   etc.)   a  diHea.se  perfectly  distinct 

from  trnchoma  granulosum  (trachoma  verum,  etc.),  or  are  both  mercdy  different 

forms  of  llie  same  process  ?     Anatomy  «»hows  that  in  the  enormous  majority  of 

OMM  the  changes  that  are  ehnracteriatic  of  the  two  forms  (|>iipillary  growths  and 

gtnpHomatous  gntnulations)  are  found  simultaneoui^ly,  ho  that  scarcely  any  un- 

lixetl  cn**s  of  either  form  are  left.     This  speaks  decidedly  for  the  unitary  theory 

the  t^iwianiii     We  arrive  at  the  same  result  if  we  follow  out  the  etiology  of  the 

CmmM«  observed  in  which  one  individual,  alfected  with  one  of  the  two 

in«,  infect»  other  person»,  in  some  of  whom,  thereupon,  the  same  form,  in  others 

Jti-  other  form,  develoj»«.     Piringer,  moreover,  by  his  inoculations  experiment-tlly 

stablixhed  the  fact  that  the  secretion  from  one  and  the  .lanie  cjise  produced  the 

.form  in  one  individual,  the  second  form  in  another;  indeed,  in  one  and  the 

person  there  waa  once  produced  by  inoculation  with  the  same  secretion 

form  in  one  eye,  the  other  form  in  the  other.     We  may,  therefore,  be  quite 

jaatifled  in  regarding  the  two  forms  of  grauular  and  pa]iillary  trachoma  as  onu 

•nd  the  same  disease. 

Does  any  connection  exist  between  trachom.i  and  acute  blennorrhoea  ? 
rh<*>»e  two  diwAses,  which  both  originate  in  infection,  are,  of  course,  in  their 
fpicul  fom»  very  different  from  each  other.  Nevertheless,  the  chronic  bleunor- 
,  which  develops  from  un  acute  blennorrha>a  is  so  similar  to  the  papillary 
.  of  Irachomu  that  the  two  can  not  be  distinguished  from  each  other  with 
ertainty  ritht-r  by  the  clinical  examination  of  the  eye  or  by  anatomical  dissection. 
,in»y  odvance  I  he  following  hypothesis:  Recent  acute  blenn(»rrh<i'ti  when 
ferred  to  another  eye  pro<luces  acute  blennorrhcra  in  the  latter  al.'»t>.  But, 
'  the  acute  blennorrhoea  has  already  pas'ied  into  the  chronic  form,  it«  transfer 
another  eye  no  longer  excites  an  acute  but  a  chronic  inflammation,  which 
liter  is  trichoma.  Diff'Tent  observations  speak  for  the  possibility  of  such 
mctho<i  of  origin  of  trachorna.  Goldz-ieher  rep<jrts  an  epidemic  of  tTUchoma 
the  schi»ol  for  the  blind  at  Budu-Posih,  an  epidemic  which  had  Imm'h  intro- 
luce<l  by  a  new-comer,  u  boy  who  had  lost  his  wight  from  acute  blonnorrhopa. 
lirough  him  all  the  male  and  rno«tof  the  female  scholars  beciime  affected  with 
iicboma,  all  possible  forms  of  which,  including  the  pure  papillary,  the  pan 
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grnnuliir,  and  the  mixed,  could  be  reco<rnized.  Sattler  has  observed  the  fol- 
lowing case  :  A  molluT,  who  wsli  affetted  with  leucurrlJuMi,  ynve  birtii  to  a 
child  having  nciite  bleniiorrhu'u  of  modi-nitf  ik'j^nx'.  The  mother  iicquired  ii 
genuine  tnichoma  by  infui-tinn  from  ])i'r  child.  As  shf  lived  in  a  rt-jfion  per- 
fectly free  from  truchoma,  infection  from  any  oilier  source  was  excluded. 
Against  such  a  conut-etion  between  chrouic  blennorrhtea,  following  the  iicitte 
form,  and  trachoma,  the  objection  has  been  raifwd  that  in  the  former  disease 
granuhitions  (lymjdiutic  follicles)  have  never  been  observed.  But  thi.H  is  not 
always  the  caw.  In  Üiv  tuitumn  of  1887  two  girls,  sisters,  were  admitti^  to  my 
clinic,  the  elder  of  wlioni  Imd  actjiiiri-d  an  acute  Ijknruirrhaja  of  the,conjunc- 
tiva  of  both  eyes  a«  ii  result  of  her  own  leucorrha'a.  The  younger  sister  had 
caught  the  infection  Irom  the  eyes  of  the  elder,  and  Jikewiiie  acquired  acute 
blennorrha?a  of  both  eyes.  In  her  case  this  wa.t  not  (juite  so  severe  in  its  onset, 
and,  after  tlie  greateat  violence  of  the  inflammation  had  abated,  papillary  out- 
growths develojied  on  the  conjunctivii  tarsi  and  numerous  granulations  in  the 
fold;«  of  trunsition,  so  that  there  was  preseiiti-d  a  perfect  picture  of  mixed 
traeluima.  In  many  other  cases  besides  this  I  have  been  able  to  observe  the 
developuH-'Cit  of  granulations  in  the  fohls  of  transition  after  acute  blennorrhwa, 
and  still  more  frequently  have  been  able  to  prove  their  existence  by  the  micro- 
Hcopical  examination  of  excised  portions  of  the  conjunctiva, 

From  what  has  preceded  we  draw  the  following  conclusions:  There  is  but 
one  kind  of  trae.honui,  ithich,  hoiferrr,  uppenrg  utuler  r^rioug  form*.  Tile  ulti- 
mate origin  of  the  disease  is  probably  referable  to  the  secretion  of  genitals 
affected  with  gonorrhrea.  This  secretion  [iroiluccs  in  the  human  conjunctiva 
acute  blennürrha?a,  which  pn.sses  into  chronic  blennorrha'.a.  The  secretion  of 
the  latter  produces  in  a  healthy  eye  directly  a  chronic  inflamraation,  trachoma, 
which  then,  by  a  repeated  jrrocess  of  transfer,  spreads  of  itself. 

It  still  remain«  to  sjwak  of  the  position  of  Jhllkular  eonjiinrtiritU  with  re- 
gard to  trarhoma.  The  former  is  found  chiefly  in  young  people,  while  tracho- 
ma, on  the  contrary,  is  very  seldom  met  with  in  children.  The  two  diseases 
are  Very  similar,  in  that  lynijih-follioles  occur  as  characteristic  formations  in 
both.  In  ftillicular  catarrh  they  arc  Hmaller.  arc  more  sharjily  limited,  and  pro- 
ject farther  abuve  thu  surface  of  tlic  conjunctiva;  in  trachoma  they  arc  larger, 
destitute  of  »harp  outlines,  and  less  prominent.  Follicles  proper  are  often 
oblong-oval  fcylindrical)  and  placed  side  by  aide,  in  a  i-ow  like  a  string  of 
pearls,  while  trachomatous  granulations  are  round  and  more  rarely  present  any 
such  arrangement  in  rows.  But  these  characteristics  arc  sometimes  so  obscured 
that  even  experts  can  not,  in  many  cases,  make  tlie  diagnosis  with  certainty, 
and  the  subscijiienJ  course  of  the  discas«-  alone  affords  the  desired  information. 
Even  in  the  histological  structure  no  thorough-going  distinction  can  be  found 
between  follicles  and  trachomatous  gninulations,  A  further  resemblance  l>e- 
tween  follicular  cutarrli  and  tnit-homn  consists  in  the  fact  tliat  they  both  chiefly 
occur  among  b^>die3  of  men  who  are  confined  in  a  small  space.  It  is,  therefore, 
easy  to  undcrstanil  that  thesi>  two  diseases  have  repeatedly  been  confounded  with 
each  other;  and  a  numlier  of  authorsi.  in  fact,  explain  folUntlnr  catarrh  as  lieing 
a  kind  of  Iniclioma  ilistinguished  by  its  mildness  and  freedom  from  danger. 
But  to  such  n  view  the  following  olijection  must  be  raised:  It  is  not  yet  certain 
whether  follicular  catarrh  occurring  among  confined  bodies  of  men  is  propa- 
gated by  infection  like  trachoma,  or  is  merely  a  result  of  the  contamination  of 
the  air  by  du8t,  exhalations,  etc.     On  the  other  hand,  it  is  quite  stitlsfaetorily 
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iahrd  that,  under  certain  cirrumatnnccn,  follicular  catarrli  can  arise  with- 
^kay  inft'ction  whatever.     This  is  tlie  c»»e  after  the  pruloiisreil  instillation  of 
atropine,  whicli  in  followed  in  tüuriy  person»  by  the  dfvelnpiiicnt  of  a  tjpictil 
>llirulttr  catarrh  with  very  numerous  follioles.     Rut  (raclKunii  ojin  never  arise 
ithout  infection.     A  furtluT  and  more  important  distinction  between  the  two 
1  the  course.      Follicuhir  catarrh  is  not  assoriatetl,  or  i.s  associated  to 
jconstidenible  decree,  with  papillary  hypertrophy  of  tlie  conjunctiva; 
nerrr  h-ad«  to  shrinking  of  the  conjunctiva,  to  jiannus,  or  to  any  of  the  other 
f«iuelw;  it  is  a  disease  jicrfectly  devoid  of  clantjer,  one  which,  even  witliout 
uy  treatment,  ßnally  getd   well  and  Ieave3  no  trace  behind;  so  that  on  this 
ccount  al»ne  the  differentiation  of  the  two  dlaeaaea  is  not  only  theoretically, 
it  also  practically,  of  preat  importance. 

pvTh*?  quesitiiiu  with  rejjard  to  the  relations  of  the  different  forms  of  hlennor- 

trachoma,  and  follicular  conjunctivitis  to  each  other,  will  first  reeeive  » 

tßnitive  solution  through  the  medium  of  bacteriology.     At  present  only  the 

licrococcu«  of  acute  blcnnorrhcpa,  the  gonococcus,  ha«  been  satisfactorily  de- 

(miined.     In  conjunctival  di.scanes,  which,  like  trachoma  and  follicular  catarrh, 

■uociated  with  the  formation  of  granulations,   several  ol>server»  (Leber, 

Wt,  Koch,  Michel,  Poncet,  Schmidt,  Kucharsky,  Studeriui,  Goldschmidt, 

■nd  other»)  have  also  proved   the  e.\isteiicp  of  micro-organisms,  some  of  which 

ty  closely  resemble  the  gonococcus  without  lieing  identical  with  it.     8<j  fur, 

liowcrcr,  the  observation»  of  individual  investigator  are  not  sufHcuMitly  accord- 

iC  for  U8  to  be  able  to  formulate  any  definite  conclusions.     Probably  we  must 

ml  the  formation  of  granulations  composed  of  adenoid  tissue  not  a«  any- 

ting  at  all  specific,  but  only  as  a  particular  form  of  reaction,  which  the  con- 

inctiva  of  the  eye,  like  other  mucous  membranes,  exhibits  toward  many  dif- 

erent  sorts  of  irritant».     These  irritants  can  be  of  a  bncterial  nature,  as  in 

;homa  and  in  follicular  c^Htarrh.     Then  there  are  cases  of  tuberculosis  of  the 

jnjunctiva  (see  ?  23),  which  begin  witlv  an  abundant  development  of  gninu- 

Itions,  quite  as  in  trachoma;  of  these  Hhcin  has  described  some  examples,  and 

myself  have  seen  one.     Again,   OoldKieher  and  Sattler  have  seen  c<isea  in 

rhich  there  was  an  abundant  formation  of  granulations  in  a  conjiunctival  nffec- 

>n  which  they  regarded  iw  syphilitic.     In  ngard  to  the  follicular  catarrh  j)ro- 

by  atropine,  it  is  not  yet  determined  whether  the  irritation  Ls  a  chemical 

is  dependent  ujwn  S<"hizomycctes,  which  may  chance  to  have  developed 

in  the  atropine  solution. 

The  trfjtmmt  of  trachoma  encounters  ita  greatest  difficulty  in  the  length  of 
ic  that  it  n-quires.  With  the  view  of  abbreviating  this,  nltenipts  of  the 
post  varying  nature  have  Xxen  made  to  attack  directly  the  outgrowths  upon 
conjunctiva  (papilbo,  granulations)  and  destroy  them.  These  measures, 
rhich  in  part  were  already  employed  in  ancient  times,  consist  in  scarific4»tion 
[the  conjunctiva,  excision  and  expression  or  nipturc  of  the  trochouiatous  granu- 
tions,  their  cauti»riz;ition  with  a  pointe<l  cautery-irf>n  or  with  a  galvano-cau- 
Srr  point,  excision  of  the  fold  of  transition  which  lodges  the  granulations, 
iy,  even  the  excision  of  the  conjunctiva  tarsi,  together  with  the  tarsus.  I 
iro  myself  tried  most  of  the^e  methi>ds,  which  are  constantly  coming  into 
»giic  again  and  being  extolleil  anew.  In  order  to  subject  them  to  a  positive 
t,  I  cho«c  for  the  trial  cases  in  which  trachoma  existed  in  tlie  same  degree  in 
sth  ryes.  Then,  as  one  eye  wji»  treated  in  the  ordinary  way  and  the  other 
CTdaton  of  the  conjunctiva  or  by  destruction  of  the  isolated  granulations, 
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it  wfis  possible  for  me  to  draw  a  tlcicisive  comparison  between  tlio  various  pn>». 
ccdures.  In  this  way  I  hfivo  found  that  even'  procosa  for  directly  desiruying 
tho  conjunct ivii  renders  the  dhriiikiiiijf  of  the  hitter  only  so  much  the  gn-ater 
and  docs  not  cure  the  truelitmm  iiiiy  more  quickly,  iusismuch  us  we  can  not 
remove  all  the  diseased  )>ori:iona  of  the  conjunctiva.  I  can  not,  therefore, 
recommend  these  j)rocedures  except,  perhaps,  for  those  rare  cases  in  which  the 
portions  of  the  conjunctiva  that  are  affected  with  trachoma  are  quite  circum- 
scribed, and  can,  therefore,  be  completely  removed. 

For  getting  rid  of  ii  thick  pannus  many  employ  peritomy.  This  is  the  opera- 
tion of  dividing  the  conjunctival  vessels  nmnin/j  to  the  ]iannus,  cither  by  simply 
making  an  incision  round  the  cornea  through  the  conjunctiva,  or  by  excising  a 
narrow  annular  strip  of  the  lalter. 

In  order  to  miike  an  old  pannus  transparent,  it  was  formerly  the  practice  to 
deliberately  make  an  iuoculatton  of  acute  blennorrhoeo,  because  it  had  Im-cd 
found  by  experience  that  an  eye  witli  pannus,  which  ia  accidentally  attacktnl 
by  acute  blenuorrhum.  instead  of  losing  its  cornea  by  suppuration,  ha»  it«  paonus 
made  actually  jnore  Ininspiirent.  This  prtKrediire  is,  at  the  present  time,  re- 
placed liy  the  treiitinent  with  jcijuirity,  which  accomplishes  the  eame  thing 
without  cxpoüing  the  eye  of  Hio  other  side,  or  the  eyes  of  other  pcrgoiis,  to  the 
danger  of  blennorrlm-nl  infection. 

Jequirity  (the  seeds  of  ihc  Abrus  precatorius)  \\i\s>.  for  a  long  time  been  in  use 
in  Brazil,  where  trachoma  i.s  cpjdennc,  as  a  }KipuIar  remedy  for  tliis  disease. 
To  Be  Wecker  is  mainly  due  the  credit  of  having  subjected  this  remedy  to 
»rientific  examination  and  of  having  introduced  it  into  Euro]».  The  action  of 
je(]uirity  does  not  depend  upon  the  presence  of  micro-organisms  in  the  infusion, 
ftS  was  originally  bflicved,  but  upon  an  unorganized  ferment  which  is  cxctss- 
ively  puiionous  (Hippel,  Neisser,  Saloiuonseu,  Veuneman). 


V.    CoSJUNCTIVITIfi   Dll'HTIlEKITICA. 

17.  Conjunetivitis  dJplitluM'iticu,*  liku  acuto  blennorrhcra  and  tra- 
choma, la  n  purulent  inflammation  of  the  conjnnetiva,  which  spreads 
by  infection,  und  the  soeretion  of  wliich  is  cont!i!:;ious,  But  the  con- 
tagium  ia  a  specific  one,  different  from  that  of  tlic  other  two  disease». 
It  haa  the  property  of  e.Kcitirig  in  the  ti.ssue  of  the  conjunctiva  a  pro- 
fuse exudation,  wliiclj  liaa  a  great  tendency  to  coagulule,  and  thus 
leads  to  tlie  necrosis  of  tlie  infiltruted  tissue. 

Symptoms  and  Course.— Tlie  YvU  of  the  affected  eve  are  swollen, 
reddened,  liot,  and  painful  to  tlie  touch.  The  swelling  is  generally 
very  considerable ;  sometimea  the  lids  are  of  board-like  hardness,  so 
that  it  U  iin|iosaible  to  evert  thorn,  atul  scarcely  jMissible  even  to  o]>en 
the  palpebral  fissure.  The  conjunctiva  as  a  whole  is  greatly  swollen 
and  reddened;  in  contrast  with  this  general  character  are  one  or  two 
places  which  arc  pomewhat  depres.scd,  emootli,  and  of  a  grayish-yelhiw 
color,  and  often  contain  a  few  dirty-red  speckled  markings  (ecchvmo- 
ses).  Such  places  are  characteristic  of  diphtheria;  they  are  the  spots 
where  the  exudate  deposited  in  the  tissues  is  so  excessive  that  it  com- 

*  From  ivpfiipa,  a  membrane. 
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le  vessels,  and  ao  makes  the  tissue  bloodless  and  pale.    Ao- 
''to  the  extent  to  which  these  spots  are  distributed  we  dis- 
'tinguiab  two  degrees  of  the  disease.     The  lighter  Ciiscs  are  those  which 
wo  call  partial  diphtheria  {liiphtheria  en  jdaqncs).     In  this  we  find 
the  diphtheritic  spots  in  the  conjunctiva  (especially  the  palpebral  con- 
junctiva), under  the  form  of  more  or  less  big  islands,  between  which 
lie  tlie  less  alTected  portions  of  the  membrane,  which  latter  are  merely 
,rnuch  reddened  and  swollen  and  blecfl  readily,  and  are  not  gray  and 
)lüodle8s.    In  the  severer  cases,  on  the  other  hand,  the  diphtheritic 
foci  increase  rapidly  in  size  and  coalesce,  so  that  the  conflttent  form  of 
[diphtheria  is  produced.     In  tliis,  thei»,  either  a  very  large  portion  of  the 
)njunctiva,  or  even  its  entire  surface,  is  uniformly  gmy  and  hard,  just 
lit  is  after  being  intensely  cauterized,  e.  ff.y  by  the  action  of  quicklime, 
1A  thin  liquid  like  whey  flows  off  from  the  pali>ebral  fissure.     Small- 
%zed  diphtheritic  patches  aro  frequently  found  at  the  edges  and  angles 
)0f  the  lids,  the  nostrils,  and  the  angles  of  the  mouth ;  sometiraca  there 
ijs  also  a  fully  devclo{>ed  pharyngeal  or  nasal  diphtheria.     The  little 
Mtionts  (fur  the  disease  attacks  children  almost  exclusively)  have  a 
ligli  fever  and  are  greatly  prostrated. 

The  condition  just  described,  which  develops  rapidly  after  a  short 
period  of  incubation,  is  called  the  first  stage  of  the  disease,  or  stage  of 
infiltration.  It  keeps  ap  for  from  five  to  ten  days,  according  to  the  ex- 
?nt  of  the  diphtheritic  process  upon  the  conjunctiva.  Then  the  spots 
)f  diphtheritic  infiltration  begin  gradually  to  disappear.  Where  tho 
Infiltration  is  not  so  very  dense,  resorption  of  the  exudate  occurs,  but, 
those  spots  from  which  the  circulation  has  been  altogether  cut  off 
by  the  infiltration,  and  the  tissue  lias  consequently  mortified,  tho 
lecrotic  portions  slough  away.  Thus  are  produced  losses  of  substance 
I  the  conjunctiva,  which  soon  become  covered  with  granulations  such 
NDover  a  raw  surface.  Meanwhile  the  secretion  has  become  more 
ibnndant  and  more  puruleiit,  for  which  reason  this  second  stage  is 
thnracterized  as  the  stage  of  blrnnorr/iopa.  Tlie  tliird  stage  is  that  of 
icatrizalion,  in  which  the  granulating  surfaces,  that  are  produced  by 
he  filoughiug  off  of  tho  gangrenous  portions  of  the  conjunctiva,  grad- 
lly  grow  smaller  and  are  covered  over  with  a  new  epithelial  lining. 
}tnce  the  lattei  change  is  effected  by  the  drawing  in  of  the  neighbor» 
ig  conjunctiva,  the  conjunctival  sac  as  a  whole  is  contracted;  fro- 
juently,  too,  in  single  spots  adhesions  are  produced  between  the  con- 
lunctiva  of  the  lid  and  that  of  the  eyeball  (Symblepharon).  The  more 
extended  the  diptheritio  process,  the  more  striking  is  the  subsequent 
ticatricial  contraction  of  the  conjunctiva. 

Diphtheria  is  pre-eminently  dangerous  to  the  eye  from  the  fact  that, 
I  all  severe  cases,  there  is  a  simultaneous  affection  of  the  cornea.    This 
ifleclion  appears  in  the  guise  of  u  purulent  inflammation  of  the  cornea, 
'occurring  under  forms  like  those  whicli  have  been  already  described 
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under  the  head  of  acute  blüunorrhtTa  (page  51).  The  greaiur  tut 
tcusiou  of  the  diiihlheritio  process  upon  the  conjunctivu,  the  more 
certain  is  corneal  supiniration  to  occur.  Indccil,  in  the  confluent  form 
of  diphtheria,  the  cornea  is  always  irretrievably  lost.  In  less  severe 
cases,  the  cornea  may  escape  with  a  few  opacities  or  even  be  quite  un- 
injured. The  prognosis,  therefore,  in  respect  to  the  preservation  of 
sight  in  diphtheria  of  the  conjunctiva  is  always  serious ;  even  as  re- 
gards life  itself  it  is  sometimes  unfavorable.  Weakly  children  not  iu- 
frequeutly  succumb  to  the  sevority  of  the  general  disease  and  to  the 
high  fever.  Special  danger  springs  from  the  fact  that  the  diphtheritic 
process  may  develop,  either  at  the  same  time  or  subsequently,  in  the 
mucous  membrane  of  the  nose,  the  throat,  or  the  larynx,  and  can  thus 
cause  the  child's  denth. 

Etiology. — Diphtheria  of  the  conjunctiva  as  a  rule  attacks  children, 
and  most  frequently  those  between  the  second  and  eighth  year  of  life. 
Adults  are  only  exceptionally  attacked,  and  then  generally  to  a  less 
marked  degree.  In  its  nature  diplithcria  of  the  conjunctiva  is  identi- 
cal with  diphtheria  of  other  mucous  membriuies ;  all  kinds  owe  their 
origin  to  contagion.  Accordingly,  conjunctival  diphtheria  is  cliieÖy 
observed  at  times  wlicn  an  epidemic  of  pharyngeal  diphtheria  is  pre- 
vailing. Hence,  too,  it  is  found  pre-eminently  in  those  countries  where 
diphtheria  of  all  sorts  is  a  frequent  occurrence,  it  being  thus  especially 
prevalent  in  North  fJermany.  Thus  it  is  that  we  are  indebted  for  the 
first  exact  descrij>tion  of  the  disease  to  Von  Graefe,  who,  in  Berlin,  had 
an  opportunity  of  observing  many  eases  of  diplitheria  of  the  conjunc- 
tiva. In  lands  where  diphtheria  prevails,  this  disease  appears  cither 
sporadically  or  as  an  epidemic.  Moreover,  at  the  time  of  an  epidemic 
of  diphtheria,  other  violent  inflammations  of  the  conjunctiva  show  a 
tendency  to  assume  all  at  once  a  diphtheritic  character.  In  Austria* 
severe  cases  of  conjunctival  diphtheria  are  n  rare  occurrence. 

Treatment. — In  the  first  stage  of  the  disease  we  must  chiefly  limit 
ourselves  to  careful  cleansing  of  the  eye,  for  which  purpose  the  best 
thing  for  us  to  employ  is  a  weak  antiseptic  liquid  (solution  of  corro- 
sive sublimate,  salicylic  acid,  or  potassium  permanganate).  Cold  com- 
presses, which  would  seem  to  be  indicated  by  the  great  swelling  and 
redness  of  the  lids,  must  be  applied  with  much  c^iution,  so  as  not  to 
depress  still  further  the  conjunetivnl  circulation,  already  seriously  em- 
barrassed by  the  diphtheritic  inßltnition.  Ilence,  we  very  soon  change 
these  for  warm  compresf5.es,  which  accelerate  the  resorption  of  the  in- 
filtration as  well  as  the  separation  of  the  slough.  As  soon  as  the  second 
stage  declares  itself  by  its  abundant  purulent  secretion,  we  begin  the 
application  of  a  nitratc-of-silver  solution  to  the  conjunctiva,  in  order 
to  limit  the  secretion  and  bring  the  swollen  conjunctiva  back  to  its 


DISEASES  OP  THE  CONJUNCTIVA. 


normul  state.  In  so  doing  vre  must  tit  first  proceed  with  great  caution 
and  list'  pretty  weak  ftolutious  (one  half  to  one  per  cent).  In  no  caae 
should  such  an  application  bo  made,  as  long  as  any  gray  spots  of  diph- 
theritic infiltration  ai"e  anywhere  to  be  seen,  since  the  necrosis  of  the 
tiisiie  would  be  i>romoted  by  the  silver-nitrate  solution.  It  would, 
therefore,  be  a  gross  mistake  to  apply  the  silver  solution  in  the  first 
stage  of  the  disease. 

We  keep  on  making  the  applications  to  the  conjunctiva  as  long  as 
tb«  latter  is  red  and  swollen  and  discharges  a  copious  secretion-  Dur- 
ing the  subsequent  period  of  cicatrization  we  try  to  oppose,  as  far  as 
possible,  the  formation  of  a<lhesionä  between  the  lids  and  the  eyeball 
(doing  this  by  frequently  drawing  the  lid  away  from  the  eyeball,  or  by 
laying  a  pledget  soaked  in  oil  between  the  two) ;  for  adhesions  once 
formed  can  be  removed  only  by  an  operation.  Complications  atfecting 
the  cornea  are  to  be  treated  according  to  the  rules  that  will  bo  given 
further  on  for  purulent  inflammation  of  the  cornea  in  general. 

All  operative  procedure«,  whether  u^xin  the  cornea  or  upon  the 
lids,  should  l>e  avoided  in  the  first  stage,  »is  the  wounds  thus  produced 
generally  become  dii>htheritic  too.  Besides  treating  the  eye,  every 
attention  should  evidently  be  paid  to  the  severe  disturbance  of  the  gen- 
eral condition  ;  especially  is  it  incumbent  upon  us  to  keep  up  the  little 
pitticnt^s  strength  in  every  possible  way. 

In  consideration  of  the  very  infectious  character  of  diphtheria,  our 
special  aim  must  be  prophylaxis.  While  acute  blennorrhipji  and  tracho- 
ma exert  an  infectious  action  only  through  a  transfer  of  the  secretion, 
infection  in  diphtheria  can,  in  all  probability,  occur  simply  by  means 
of  tlio  air,  without  any  direct  transfer.  Accortliugly,  wc  remove  from 
the  vicinity  of  the  patient  all  persons  who  are  not  indigpensably  neces- 
sary for  purj)oses  of  nursing ;  but  most  of  ull  wo  insist  upon  the  removal 
of  children,  who  are  j)articularly  susceptible  to  infection.  If  diphtheria 
has  attackinl  only  one  of  the  patients  eyes,  the  other  must  be  protected 
against  infection  by  a  carefully  applied  occlnding  bandage,  just  as  in 
acute  blennorrha^a. 

The  persona  who  have  the  care  of  the  patient  must  be  particularly 
charged  to  cleanse  the  hands  carefully  after  touching  the  diseased  eye, 
to  destroy  at  once  the  materials  employed  in  cleansing,  etc. 

Croup  and  diphtheria  are  anatomical  term»  denoting  definite  forms  of  in- 
fl*nunatioo.  Croupoai  inflammation  is  characterized  by  the  deposition  of  an 
cxtidate  upon  the  surface  uf  a  tissue,  where,  by  coairiiiation,  it  hardens  into  a 
Dcmbrooe.  The  essence  of  the  diphtheritic  iuHammntion,  on  the  contrary,  coq- 
rints  in  the  exudation  of  a  grt-al  mass  of  material  within  the  tissue  itself,  together 
with  consecutive  necroaisof  the  latter.  These  two  varictica  of  iotlammation  can 
\tc  produced  in  different  ways— that  i.s,  either  by  external  irritants  (mechanical, 
chemical,  or  thermic)  or  by  the  action  of  a  special  contagium.  The  former  act 
by  setting  up  an  inHtimmation  of  a  high  degree  uf  severity.    Thu8,  by  frequently 
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repeated  cauterization  with  tlie  nitrato-of-silver  solutjon,  we  can  produce  a  croup- 
ous layer  uprm  the  conjunctiva,  and,  by  still  stronger  applications,  we  can  cicitc 
a  diphtheritic  inflammation  with  necrosis  of  the  tissue  in  spots.  Tlie  repeated 
application  of  the  jeijuirity  infusion  produces  first  a  croupous,  afterward  a  diph- 
theritic, iniflammation  of  the  conjunctiva.  These  processes  throughout  their 
course  are  altogether  local,  and  do  not  implicate  the  rest  of  the  organism.  Eli- 
ologically  they  are  perfectly  distinct  from  the  true  dijththerin  of  mucous  nieni' 
brancs,  which  m  produced  only  by  a  definite  contsij^-iuni.  This  form  of  diph- 
theria lias  associated  witli  it,  besidcn  the  local  infliinimation,  severe  poisoniag 
of  the  whole  body,  to  which  the  patients  may  succumb,  even  when  the  local 
symptoms  are  very  trifling,  Hence,  to  the  same  anatomical  form  of  mucous- 
membrane  iuflammatiorv  correspond  two  groups  of  diseases,  which  are  etiologi- 
cally  quite  distinct,  ami  which  can  not  be  too  sharply  differentiated,  the  more 
so  as  mistakes  can  easily  be  made  on  account  of  their  external  similarity  of 
appeanmce.  I  once  saw  a  young  man  whose  palpebral  conjunctiva,  besides 
marked  inflammation,  showed  very  extensive  diplitherltic  intiltration;  a  clever 
ophthalmulogist  had  declared  it  to  be  true  diphtheria,  ami  had  given  an  ex- 
tremely seriouH  prognosis.  But  a  precise  inquiry  into  (he  history  of  the  case  soon 
elicited  the  fact  that  excessive  applications  to  the  conjunctiva,  made  by  a  coun- 
try doctor,  had  set  up  this  inflammation,  which,  when  the  applications  were 
discontinued,  very  soon  subsided. 

As  regards  croupous  conjunctivitis,  it  is  due  to  a  contagium  which,  in  opiio- 
sition  to  that  of  di]>htheria,  causes  &  purely  local  inflammation,  and  is  probably 
identical  with  the  infectious  agent  that  produces  simple  conjunctival  catarrh. 
Croup  of  the  conjunctiva  has  nothing  in  common  with  croup  of  the  larynx, 
which  is  regarded  by  many  authors  as  a  form  of  diphtheria  jieculiar  to  the  air- 
passages.  Di|>]itheria  of  the  conjunctiva,  on  the  other  hand,  is  undoubtedly 
an  inflammation  caused  by  the  diphtheritic  contagium,  ami  is  analogous  to 
diphtheria  of  the  pharynx.  A  child  with  pharyngeal  diphtheria,  brought  into 
a  ward  of  a  children's  hospital,  has  been  known  tn  prniluce  a  pharyngeal  diph- 
theria in  lib  right-hand  neighbor,  and  a  conjunctival  diphtheria  in  his  neigh- 
bor on  the  left.  Arit  reports  the  case  of  a  phyMician  into  whose  eye  some  se- 
cretion spurted  while  he  was  examining  a  t'hild  sick  with  pharyngeal  diphtheria; 
the  eye,  in  spite  of  being  immediately  washed  out,  was  destroyed  by  dipiitheria 
of  the  conjunctiva.  Conversely,  a  diphtheritic  affection  of  the  nose  and  throat 
can  be  induced  in  the  case  of  a  child  with  conjunctival  dii)htheria,  a,s  a  result 
of  the  latter.  The  tears  secreted  by  the  diseased  eye  carry  the  contagium 
through  the  lachrymnl  duct  into  the  nose,  and  from  there  may,  by  being  swal- 
lowed, arrive  in  the  throat  and  the  stomach,  and  set  up  diphtheria  in  these  locali- 
ties also.  A  common  contagium  lies  at  root  of  all  these  a£fection8 — a  conta^um 
which,  perhaps,  is  to  be  looked  for  in  Löffler's  Biicillua  Diphtherim. 

The  granulations  developing  after  the  separation  of  the  diphtheritic  sloxigh 
are  true  granulations  growing  out  of  the  losses  of  substance  in  the  conjunctiva. 
They  should,  therefore,  not  be  confounded  with  the  so-called  granulations  of 
trachoma,  which  arc  simply  overgrown  conjunctiva  still  coated  with  epithe- 
lium. Hcucc,  too,  the  subsequent  cicatrization  in  diphtheria  must  be  conct-ived 
of  as  something  different  from  that  of  trachoma.  In  the  former  case  we  have 
to  do  with  cicatrization  in  the  ordinary  sense — that  is,  with  the  formation  of  a  pel- 
licle over  a  wound  ;  in  the  latter  ease,  with  t!ie  gradual  contraction  of  a  ntucoua 
membrane,  which  has  never  had  a  wound  upon  its  surface.     This  fact  does  not 
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prareDl  the  subsequent  resultä  of  cicatrization  in  tbc  two  cases  from  being  poi- 
lähij  the  same  in  both  cases ;  trichiasi'«,  cicatricial  entropion,  even  xerophthal- 
mas  itMlf,  arc  observed  after  diphtheria. 

Id  place  of  the  simple  expectant  treatment  of  <liphtheria  in  the  first  utage, 
Ficuxal  ha£  recommended  an  a^'tive  form  of  treatment,  consisting  in  the  appli- 
fction  of  l«mon-juice  to  tlie  conjunctiva ;  and  Leber  has  recommended  the  ap- 
Uon  of  a  onc-per-cent  soUttion  of  corroäivo  sublimate. 


VI.  Conjunctivitis  Lymphatica  (Scrofülosa,  Phlyct- 
^nulosa). 

18.  Sjrmptoms. — Tn  its  simplest,  typical  form,  conjunctivitis  lym- 
)halica  presenta  the  following  picture :  A  little  red  eminence,  of  about 
the  size  of  a  millet-seed,  develops  at  some  point  upon  the  limbus  of 
le  conjunctiva.     Tliis  is  the  efflorescence.     In  tlic  beginning  it  is  coni- 
it«  apex  being  covered  by  the  epithelium  of  the  conjunctiva.     In 
l^diort  time  the  epithelium  at  the  summit  of  the  efflorescence  sepa- 
rates, and  the  tissue  that  lay  beneath  it  breaks  down,  so  that  the  apex 
)f  Iho  cone,  so  to  s])eak,  melts  away;  and  the  cone  itself  bears  on  its 
>p  a  minute  gray  ulcer,  which  thus  lies  above  the  level  of  the  neigh- 
)ring,  healthy  conjunctiva.     By  a  continuation  of  the  breaking-down 
)rocess  the  cone  at  length  disjippears  entirely,  the  ulcer  sinks  to  the 
level  of  the  conjunctiva,  and  speedily  becomes  clean  and  then  covered 
rith  epithelium.     Thus  the  ulcer  heals,  without  a  visible  mark  being 
•ft  upon  the  conjunctiva.     The  whole  process  is  completed  in  eight 
fourteen  days. 

As  the  eflloresceuce  springs  up,  the  adjacent  part  of  the  conjunc- 
liTft  becomes  hyperaemic,  tlie  injected  vessels  being  directed  from  all 
kidefl  toward  the  little  nodule.  Hence,  the  reddened  portion  of  the 
)njunctiva  shows  the  form  of  a  triangular  sector,  the  apex  of  which 
lies  in  the  limbus  and  corresponds  to  the  nodule.  The  remainder  of 
Iho  conjunctiva  is  perfectly  free  from  congestion. 

The  simplest  type  of  conjunctivitis  lymphatiou,  therefore,  consists 
In  the  formation  of  a  sharply  circumscribed,  nodular  exudate,  to  which 
lere  corresponds  an  injected  district  of  the  conjunctiva.  Conjunc- 
Uvitia  lymphatica  is  hence  a  focal  affection  of  the  conjunctiva  of  the 
Byeball,  and  is  thus  distinguished  from  all  the  varieties  of  conjunctival 
itlamniation  hitherto  de.'W^ribed,  which  are  diffused  inflammations,  in 
that  they  extend  in  a  uniform  fashion  over  large  sections  of  the  con- 
In  net  iva. 

The  clinical  pictures  which  conjunctivitis  lymphatica  actuallv  ex- 
iibits  present  modifications  of  the  type  above  described,  which  differ 
fmost  widely  from  each  other.    These  mollifications  concern — 

{a)  The  manbcr  of  the  efflorescences.  It  is  rare  that  we  find  but 
»no  of  these ;  generally  there  are  several,  and  not  infrequently  a  good, 
many,  present  at  the  same  time.   The  fewer  they  are  the  larger  they  gen- 
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eraUy  grow ;  iu  rare  cases  they  almost  attain  the  size  of  a  lentil.  When 
there  are  many  nodules  present  they  are  small ;  often  we  find  the  entire 
limbus,  or  even  the  cornea  itself,  covered  with  very  minute  eminence«, 
so  that  the  surface  of  the  eyeball  looks  as  if  fine  sand  had  been  strewn 
over  it.  Such  very  small  nodules  commonly  disappear  in  a  few  days 
by  resorption,  without  any  prcHminary  disintegration.  When  multi- 
ple efflorescences  are  present,  the  injected  portions  of  tlie  bulbar  con- 
junctiva belonging  to  the  separate  nodules  become  confluent,  and  the 
conjunctiva  tlien  appeara  reddened  all  over,  so  that  the  focal  character 
of  the  disease  is  obscured,  and  declares  itself  only  by  the  presence  of 
separate  nodular  exudates.  So,  too,  when  the  inflammation  is  great, 
the  palpebral  conjunctiva  also  participates  in  the  injection,  so  that,  in 
that  case,  conjunctivitis  lymphatica  is  no  longer  an  affection  limited  to 
the  bulbar  conjunctiva. 

(//)  The  niHv  of  the  efflorescences  may  be  not  only  in  tlie  limbus 
itself,  but  also  exterior  to  the  latter,  in  the  anterior  segment  of  the 

bulbar  conjunctiva,  and  like- 
wise interior  to  the  limbus, 
in  the  cornea  itself.  In  the 
latter  are  situated  small  gray 
nodule.%  which  consist  of  an 
accumulation  of  round  cells 
superficially  disposed  between 
Bowman's  membrane  (Fig. 
23,  B)  and  the  epithelium 
(Fig.  23,  E},  whirh  is  bulged 
forward  by  them.  By  the 
breaking  down  of  the  nodule 
there  is  produced  in  the  cor- 
nea a  loss  of  substance,  which 
is  quite  shallow,  affects  mere- 
ly the  epithelium,  and  heals 
without  leaving  a  permanent 
opacity.  Often,  however,  the  affection  assumes  a  more  serious  form, 
from  the  fact  that  the  exudations  have  a  tendency  to  spread  farther  in 
the  cornea,  extending  either  into  the  depth  of  the  latter  or  along  its 
stirfacc.  If  the  infiltration  extends  tlirough  Bowman's  membrane  into 
the  parenchyma  jiroper  of  the  cornea,  an  ulcer  is  produced,  when  it 
breaks  down,  which  penetrates  more  deeply  and  can  even  perforate 
the  cornea.  In  that  case,  aft^r  the  ulcer  heals,  a  permanent  opacity 
remains. 

(c)  The  corneal  ulcers  which  result  from  the  efflorescences  may 
assume  a  serpiginous  character — that  is,  they  may  spread  by  a  sort  of 
creeping  process  along  the  surface  of  tlie  cornea.  In  this  way  is  pro- 
duced the  vascular  fasciadus  (Fischer),  which  is  also  called  keratitis 


Fla.    SB.— EP^UIRJEitOE.NCE    O.V    THe    COR-VrX    IM    CON- 
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oloi,  JC,  up  to  the  Qodula. 
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[iascicularis,  or,  according  to  Stellwag,  tlio  herpetic  bridge.    This  affec- 
tioa  begins  by  the  devi'lopment  of  a  small  ulcer  out  of  an  efflorescence 
at  the  rim  of  the  cornea.     After  some  days  this  ulcer  becomes  clean  in 
[its  peripheral  half — that  is,  in  the  part  turned  toward  the  corneal  rim. 
At  the  same  time,  in  accordance  with  the  ordinary  behavior  of  regress- 
ive corneal  ulcers,  blood-vessels  develop,  which  run  from  the  limbus  to 
it  edge  of  the  ulcor  that  is  healing,  and  which  serve  to  keep  up  the 
fproo^s  of  cicatrization.     But,  in  the  mean  time,  that  margin  of  the 
juicer  that  is  toward  the  center  has    remained  infiltrated   and  gray, 
llnaämuch  as  at  this  place  the  infiltration  and  the  subsequent  pnrulent 
|<lisintegration  keep  on  citending,  the  ulcer  constantly  advances  toward 
|.the  center  of  the  cornea,  while  on  its  })criphcral  side  it  heals  equally 
and  draws  the  blood-vessels  nfter  it.     The  vascular  fasciculus 
rdiugly  appears  as  a  narrow  red   band  formed  of   blood-vessels 
lence  the  name),  and  extending  from  the  corncul  margin  some  dis- 
jtance  into  the  cornea.     At  its  apei  it  bears  a  small  gray  crescent,  the 
linöltrated,  advancing  margin  of  the  ulcer.    The  arrest  and  recession 
[of  the  process  first  oceur  when  the  ulcer  is  completely  healed.     Until 
has  taken  place  the  vascular  fasciculus  can  advance  far  into  the 
>roea,  to  its  center  or  even  beyond  it.    The  small  ulcer,  however, 
tlways  remains  superficial,  and  a  perfomtion  of  the  cornea  due  to  it 
never  been  observed.     When  the  vascular  fasciculus  has  at  length 
|\iD<#ftandstill,  the  vessels  gradually  disappear  from  it,  and  there 
flyTpmains  a  superficial  opacity  of  the  cornea,  which  corresponds  in 
lupc  to  the  long-drawn-out  form  of  tha  vascular  fasciculus.     This 
sity  never  clears  up  again  completely,  and  hence,  when  found  at 
iy  time  during  the  whole  subsequent  life  of  the  patient,  enables  us 
to  diagiiosticate  the  previous  existence  of  a  vascular  fasciculus. 

(r/)  The  severest  c;ises  of  conjunctivitis  lymphatica  are  those  in 

dueh  the  exudation,  starting  from  in   front,  makes  its  appearance 

the  deep  layers  of  the  cornea  as  a  diffused  deep-lying  infiltration. 

[We  then  find  the  cornea  occupied  to  a  considemble  extent  by  an  opac- 

of  u  uniform  gray  or  yellowish  color,  becoming  fainter  toward  the 

This  opacity  is  situated  in  the  deep  layers  of  the  cornea;  and 

»  «nrfftce  of  the  cornea  over  it  is  dotted  with  minute  spots.     In  the 

cases  the  infiltrate,  originally  gray,  becomes  more  and  more  yel- 

[Jow,  and  finally  breaks  down  into  jnis,  so  that  an  extensive  loss  of  sub- 

itance  is  produced  in  the  cornea.     In  the  benign  cases,  on  the  contrary, 

tho  infiltrate  gradually  disappears  again  by  resorption,  and  the  cornea 

[regains  its  transparency  either  wholly  or  in  part.     It  is  astonishing  to 

rhat  an  extent  even  extensive  infiltrates  can  undergo  resolntion. 

(«)  Instead  of  appearing  as  separate  circumscribed  foci,  the  exndate 
may  occur  under  tlie  form  of  a  continuous  new  formation  of  tissue 
npon  the  surface  of  the  cornea — that  is,  under  the  form  of  pannu$. 
This  is  called  panuus  scrofulosus,  to  distinguish  it  from  trachomatous 
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pannu8.  It  does  not,  like  tljo  latter,  show  a  predilection  for  the  upper 
part  of  the  cornea,  but  develops  from  any  spot  whutover  upon  the  cor- 
neal margin.  It  is  ordinarily  thin  and  nut  very  vaaculur,  and  is  quite 
disposed  to  undergo  complete  resolution. 

ConjunctiviLii*  lymphatica  is  generally  accompanied  by  abundant 
lachrymation.  Mucous  or  muco-puruleut  secretion,  on  the  contrary, 
such  as  occurs  in  catarrh,  is  not  present  as  a  rule;  hence  the  lids  do 
not  ordinarily  stick  together  in  the  mornings.  The  only  exception  to 
this  is  formed  by  thos«  old  cases  in  whieli  the  inflammatory  process 
has  passed  over  to  the  palpebral  conjunctiva,  and  has  thrown  it  into  a 
state  of  concomitant  catarrhal  inflammation. 

The  subjective  symptomn  consist  of  photophobia  and  spasm  of  the 
lids  (blepharospasm).  Slight  in  some  cases,  in  others  they  reach  an 
extraordinary  pitch ;  children  creep  into  a  dark  corner  of  the  room, 
bury  their  face  in  their  hands,  and  struggle  so  violently  against  any 
attempt  at  opening  their  eye.s,  that  the  examination  on  the  part  of  the 
physician  is  conducted  under  great  difficulties.  The  intensity  of  these 
symptoms  bears  no  dolinito  relation  to  the  severity  of  the  disease;  in 
fact,  it  is  precisely  in  that  form  of  corneal  affection  which  spreads 
more  extensively  and  penetrates  more  deeply,  that  the  evidences  of  irri- 
tutioTJ  are  often  pretty  .«light.  The  annoyance  suffered,  contrary  to 
what  takes  jylace  in  conjunctival  catarrh,  is,  generally  speaking,  greater 
in  the  morning  than  in  the  afternoon  and  evening. 

Course  and  Prognosis. — A  single  typiwd  efHorescence  upon  the 
limbus  passes  through  all  its  phases  up  to  complete  subsidence  in 
eight  to  fourteen  days.  If  several  cffiorescences  are  present,  the  pro- 
cess of  cure  requires  a  proportionately  longer  time.  Nevertheless,  the 
disease  would  not  hist  so  very  long  if  it  limited  itself  to  a  single  attack. 
Tliis,  however,  is  but  r.-xrely  the  case.  Usually,  after  a  period  of  quies- 
cence, or  even  before  the  first  attack  of  inflammation  has  quite  run  its 
course,  the  eye  becomes  red  again,  and  new  nodules  shoot  np  in  or  near 
the  limbus.  Thus  the  disease  may,  with  longer  or  shorter  intermis- 
sions, last  on  for  months  or  years.  Its  beginning  occurs  in  childhood  ; 
the  separate  attacks,  however,  are  often  protracted  until  the  time  of 
puberty  or  sometimes  even  later;  the  affection  being  situated  now  in 
one  eye,  now  in  the  other,  then  in  both  at  the  same  time.  Finally, 
the  attacks  become  less  and  less  frequent,  and  at  length  ceiise  alto- 
gether. 

The  constant  wotting  of  the  lids  by  the  tears  frequently  leads  to 
blepharitis,  to  eczema  of  llio  skin  covering  the  lids,  an<l,  as  a  conse- 
quence, to  ectropion  of  the  lower  lid.  Excoriations  are  frequently  pres- 
ent at  the  external  angles  of  the  lids,  and  blepharuphimosjs  often 
develops  later  on. 

The  joro^nOÄ IX  of  conjunctivitis  lymphatica  is  favorable,  in  so  far  as 
the  eye  is  but  rarely  rendered  entirely  bliuil  by  it.     Sujierficial  ufflores- 


DISEASES  OF  TOE  CONJUNCTIVA. 


89 


ippear  without  leaving  a  trace  behind ;  ulcers  which  penetrate 

ito  the  parenchyma  proper  of  the  cornea  leave  permanent  opai-ilits, 

rhich.  however,  are  in  most  cases  thin  and  superficial  (niaculoo  of  the 

>rnoa).     In  persons  who  have  gone  through  with  many  recurrences  of 

>njunctivitis  lymphatica  the  corneae  of  ten  bear  quite  a  uuniberuf  such 

^ula»  as  signs  of  past  attacks.   Thus  tlje  sight  is  impaired,  the  ])atients 

ping  often  incapable  of  doing  fine  work.     In  addition  to  this,  chil- 

in  consequence  of  the  frequently  repeated  inlluuimations  of  the 

fall  behind  in  their  physical  and  mental  development.     So,  even 

if  conjunctivitis  lymphatica  only  in  exceptional  cases  leads  to  blind- 

P88,  it  nevertheless  does  so  much  harm  to  those  who  are  attacked  by  it, 

lAt  we  ought  to  strive  to  combat  it  with  every  means  in  our  ix)wen 

19.  Etiology. — Conjunctivitis  lymphutica  ia  one  of  the  most  fre- 
|«ent  of  eye  diseases,  and  it  has  its  origin  in  the  scrofulous  diathesis. 
^ike  the  latter  it  is  a  disease  of  childhood  and  youth.  In  very  young 
hildrcn — those  under  the  age  of  one  year — it  occurs  but  seldom,  and 
\i  generally  ceases  at  the  time  of  puberty.  Adults  are  attacked  by  it 
ily  ia  case  they  have  carried  the  disease  along  with  them  from  their 
lildhood.  The  enormous  majority  of  children  affected  with  conjunc- 
ivitia  lymphatica  belong  to  the  poorer  classes.  Such  diildren  receive 
icient  and  unsuitable  nourishment,  live  in  damp,  poorly  ventilated 
lings,  and  are  kept  constantly  dirty.  Other  children  affected  are 
those  who,  though  once  healthy,  have  become  run  down  as  a  result  of 
»thcr  diseases  (scarlet  fever,  measles,  typhoid  fever,  whooping-cough, 
to-).  Such  children  as  these  look  either  pale  and  tliiu,  or  bloated  and 
tbby  like  a  sponge.  Tlie  glands  at  the  lower  jaw,  in  the  neck,  and 
front  of  the  car.  are  swollen.  Partly  as  a  result  of  the  sujipuration 
these  glands,  and  partly  as  a  result  of  the  breaking  duwn  of  the 
ilous  infiltrations  in  tho  ekin,  ulcers  and  fistulous  passages  are 
liicod,  which  require  months  and  years  for  their  cure,  and  leave 
laractcristic  and  disfiguring  scars  behind.  Patches  of  moist  eczema 
ir  at  various  spots  upon  the  body,  moat  frequently  upon  the  face ; 
the  constiint  coryza,  from  which  many  of  these  children  suffer,  is 
be  attributed  to  an  cczematous  affection  of  the  nasal  mucous  mem- 
In  the  lids  we  find  blepharitis.  The  nose  and  the  upper  lip 
prendered  thick  by  frequently  recurring  attacks  of  inflammation. 
Tore  profound  affections  that  occur  are  caries  of  bones  (caries  of  the 
Hrous  bones  appearing  under  the  form  of  an  otorrhcea  being  frequent), 
tuberculosiis,  and,  in  girls,  delayed  and  irregular  menstruation. 

Some  one  of  tho  above-mentioned  symptoms  of  scrofula,  and  often 
reml  of  them  at  once,  accompany  most  cases  of  conjunctivitis  lym- 
phatic^ Sometimes,  though  rarely  in  comparison  with  the  other 
PS,  the  disease  is  observed  in  an  individual  who  otherwise  is  quite 
leahhy,  just  in  the  same  way  that  other  indications  of  scrofula  also 
occur  at  times  as  altogether  isolated  phenomena. 
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Therapy. — h\  the  lighter  cases  the  local  treatment  consists  in  the 
appliwition  of  irrituuts,  of  wliiuli  calomel  and  the  yellow-precipitate 
ointment  (Pagenstecher's  ointment)  arc  most  in  use.  The  calomel  in 
a  finely  poHdercd  state  is  sprinkled  in  a  thin  layer  upon  the  conjunc- 
tiva of  the  lower  lid  by  means  of  a  camers-hair  brush  ;  the  precipitate 
ointment  (0-05  to  Ü'15  of  yellow  precipitiite  to  5"00  of  fat),  on  the  other 
hand,  is  introduced  into  the  conjanctival  sae  by  means  of  a  glass  rod 
or  u  brush,  and  is  then  rubbwl  about  with  the  lids,  so  as  to  be  dis- 
tributed over  the  whole  conjunctiva. 

Both  remedies  are  irritant  in  their  action  \  the  precipitate  ointment 
more  bo  than  the  calomel.  Ilence,  in  the  beginning  of  the  disease, 
where  the  eyes  are  in  a  marked  state  of  irritation,  it  is  best  to  employ 
calomel;  and  subsequently,  when  the  inllammutory  symptoms  are 
diminishing,  to  replace  this  by  the  yellow  ointment.  The  remedies 
mcutioucd  are  to  be  applied  only  once  a  day.  Both  find  a  centra-in- 
dication in  the  presence  of  recent  infiltrates  or  progressive  ulcers  in 
the  cornea.  In  such  cases,  before  having  recourso  to  irritant  remedies, 
we  must  wait,  meanwhile  employing  atropine,  until  the  process  of  in- 
filtration has  subsided  or  the  ulcer  has  become  clean.  Pannus  und 
vascular  fasciculi  do  not  contra-iiidieati3  calomel  or  the  yellow  oiutmeut. 
If  under  their  use  the  vascular  fasciculi  can  not  be  brought  to  a  stand- 
still, wo  cauterize  the  advancing  edge  of  the  ulcer  with  the  point  of  a 
delicate  cautery-iron  (or  with  a  galvano-caulery  or  thermo-cautery 
point).  In  the  case  of  idcers  of  larger  size  covered  with  exudation,  as 
well  as  in  the  case  of  deep  infiltration  of  the  cornea,  moist  and  warm 
compresses,  applied  several  times  a  day  for  one  or  two  lioiirs  at  a  time 
over  the  closed  eyes,  prove  most  clTicient.  With  regard  to  the  treat- 
ment of  deep  ulcers  and  of  the  cicatrices  that  follow  ulcers,  the  general 
rules  set  forth  under  the  head  of  affections  of  the  cornea  are  applica- 
ble. A  bandage  shouUl  be  applied  only  in  case  of  imperative  necessity 
(e.  g,,  when  there  are  ulcers  penetrating  deeply  into  the  cornea);  other- 
wise its  use  had  better  be  avoided.  It  hinders  the  ready  escape  of  the 
tears  which  are  so  copiously  secreted,  and,  as  it  very  soon  becomes  wet 
through  with  the  secretion,  it  is  liable  to  set  up  eczema  of  the  skin  of 
the  lids. 

In  conjunctivitis  lymphaticji,  general  treatment.,  conducted  with  due 
regard  to  the  etiology,  is  of  especial  importance.  The  child's  nourish- 
ment shouhl  be  strengthening  and  administered  at  regular  hours. 
Care  must  be  taken  that  the  dwelling-jdace  be  dry  and  well  ventilated, 
and  the  child  sliouUI  be  sedulously  kept  out  in  the  open  air,  irrespect- 
ive of  any  photophobia  that  may  exist.  Indeed,  in  any  case,  wo  must 
not  yield  too  much  to  this  symptom  of  photophobia,  and  it  would  be 
quite  a  mistake  to  keep  children  in  a  dark  room  just  because  they  shun 
the  light.  As  invigorating  measures,  spongings  with  cold  water  are  of 
service ;  also  a  sojourn  in  the  country,  especially  at  the  mountains  or 
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the  sea-Bhore.  After  the  acuto  inflammation  has  rnn  its  course,  tho  use 
of  brine-baths  or  of  sea-baths  is  of  great  service  in  preventing  relapsc^s. 
Unfortunately,  tho  carrying  out  of  all  these  regulations  is  only  too 
often  frustrated  by  the  force  of  circumstances  and  by  the  poverty  of 
the  jvationts. 

The  medicinaf  treatment  of  scrofula  consists  in  the  administration 
of  cod-liver  oil  and  of  the  preparations  of  iodine,  iron,  arsenic,  and 
quinine.  The  sort  of  remedy  employed  and  its  dose  must  be  adapted 
to  each  individual  case.  Furthermore,  tho  cure  of  the  eye  disease  is 
favorably  influenced  by  treating  any  coexisting  scrofulous  affections, 
especially  blejiharitis,  and  also  eczema  of  the  face  and  of  the  nasal 
mucous  membrane.  In  these  affections  the  application  of  white-pre- 
cipitate ointment  (one  to  two  per  cent)  does  good  service.  In  blepha- 
ritis this  ointment  is  smeared  at  night  over  the  closed  palpebral  fissure, 
Eczematous  spots  upon  tho  face  arc  covered  with  a  pledget  of  linen 
emcarcd  with  tho  ointment,  and,  to  relieve  eczematous  coryza,  the  oint- 
ment is  iutrodaced  from  the  anterior  nares  a«  far  into  the  nose  as  pos- 
»ible  and  rubbed  in.  For  relieving  moist  eczema  of  the  face,  wo  can 
also  employ  with  great  advantage  a  five  to  ten  per  cent  nitratc-of-silver 
eolutlon,  applied  with  the  brush,  after  removal  of  the  crusts,  to  the 
raw  cutaneous  surface,  which  thus  becomes  cuvered  with  a  thin  eschar, 
uuder  which  the  raw  spots  heal  rapidly.  This  apjdication  must  be 
repeated  at  first  daily,  afterward  at  intervals  of  several  days,  and  bo 
kept  up  as  long  as  crusts  continue  to  form. 

Conjunctivitis  lymphutica.  like  trachoma,  rejoices  in  quite  a  number  of 
[»fnonymotu  tiiUs,  such  as  conjunctivitis  phljctsenulosa,  Conjunctivitis  pustulosa, 
^herpes  ronjunctivos  (Stcllwag),  conjunctivitiä  exanthcmatica  (seu  cczcmatosa), 
(Desmarres,  Uorner,  Michel).  Most  of  these  designations  originate  from  tho 
view  that  the  efflorescence  on  the  conjunctiva  or  cornea  is  a  hollow  vesicle  filled 
•with  fluid  (^Xtcraiya  [bladder],  pusttila,  herpes-vesicle).  But  the  efflorescence 
i*  in  reality  ncvor  a  vesicle,  but  a  solid,  though  soft,  projection,  "which  is  formod 
chiefly  by  an  accumulation  of  lymphoid  cells  (Fig.  28).  The  softening  and 
liquefaction  of  this  cellular  mass  du  not  begin  in  the  interior  of  tho  projection, 
but  at  its  apex,  so  tliat  there  is  no  formation  of  a  cavity  (vesicle  or  pustule), 
but  a  loss  of  substance  (ulcer)  occurs,  lying  upon  tho  free  surface  at  the  apex. 
The  name  herpes  corneae,  moreover,  can  give  rise  to  a  confusion  with  true  herpes 
come«!  (herpes  febrilis  and  hcqies  zoster,  see  §  42).  The  term  conjunctivitis 
fssnthematica  or  conjunctivitis  eczematosa  is  based  upon  the  notion  that  con- 
junctivitis lymphatics  is  an  affection  of  the  cornea,  annlogous  to  eczema  of  the 
(»kin.  Even  if  it  is  not  to  Iw  denied  that  this  is  possibly  thf  case,  nevertheless 
no  far  no  certain  proofs  have  been  forthcoming  for  this  assumption,  so  that  up 
to  the  present  time  at  leaat  there  is  no  warrant  for  de«ignating  the  two  diseases 
by  a  common  name.  Perhaps  it  will  not  be  possible  to  assign  conjunctivitis 
lymphntica  it«  profier  jjIhcc  with  certainty  until  a  micro-organism,  which  ia 
characteristic  of  it,  sliall  have  been  found;  and  already  several  düTcrcnt  «v 
IMarchrs  have  been  made  in  this  direction  (Oifford,  Burchardt). 

The  authors  separate  the  lymphatic  affections  of  tho  conjunctiva  from  those 
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of  the  cornea ;  they  speak  of  eonjunctivitiä  and  of  kcratitLs  phlvcts^nulosa,  of 
herpes  of  the  conjunctiva  an(]  of  tlie  corncti,  nccordlng  as  the  efflorescence  ia 
located  upon  the  conjiinetivu  iir  the  cornea.  In  this  way,  for  mem  love  of  sys- 
tem, a  picture  of  disease  that,  cliuically  speaking,  is  a  perfect  whole  is  torn  in 
two.  In  fact,  we  hiive  here  really  but  one  sinfjle  disease,  which  is  localized 
sometimes  in  one  place,  scimetimes  in  another.  Frequently  enough  we  find  in 
the  same  eye,  at  the  same  time,  an  efflorescence  in  the  conjunctiva ;  u  second  in 
the  liinbua,  lialf  in  the  conjunctiva  and  half  in  the  cornea;  and  a  third  upon  the 
cornea  itself.  Hence,  in  the  forciroing  dc.scri]ttion  of  tlie  diseiLse,  the  expression 
conjunctivili.H  Ij'iuphatica  isi-miiloyed  for  the  disea-'^e  in  general,  no  matter  u]K>n 
what  part  of  the  «urfacc  of  the  eyeball  it  is  localized.  This  can  bo  done  with- 
out doing  violence  to  anatomy,  inasnnicli  as  the  uppermost  layer  of  the  cornea 
must  be  looked  upon  as  the  continuation  of  the  conjunctiva  over  the  cornea. 
Accordingly,  we  can  regard  the  involvement  uf  the  cornea  in  conjunctivitis 
lymphatiea  as  nn  involvement  of  the  "conjunctival  layer  "  of  the  cornea.  For 
the  same  reason  pannna  trachomatosus  we  regard  as  one  of  the  .symptoms  ol 
conjunctivitis  traehomatosa,  and  not  as  an  imiependcnt  affection  of  the  cornea. 

The  differential  ditnjuoitvi  between  conjunctivitis  lymphatiea  and  tiie  other 
affections  of  the  conjtiuctiva  and  cornei'  is,  as  a  rule,  ea-sily  made.  IIjc  char- 
acteristic mark  of  the  former  lie.«i  in  the  focal  character  of  the  affection  an  well 
08  in  it»  localization  «pon  and  immediately  about  the  cornea.  Only  one  other 
variety  of  conjunctivitis,  the  conjunctivitis  ex  acne,  shares  this  peculiarity  with 
conjunctivitis  lymphatiea;  but  that  diaeaso  is  readily  distinguished  from  the 
latter  by  the  accomi)anying  acne  ro.sacea  upon  the  face  (see  §  21).  In  vernal 
catarrh  (5  20),  in  wliich  also  little  tiodule«  occur  upon  the  limbus,  the  palpebral 
conjunctiva,  too,  is  di«eased,  aud  in  a  cliaractcristic  fashirin.  Of  the  diffuse 
inllammations  of  the  conjunctiva,  catarrh  might  be  confounded  with  conjunc- 
tivitis lymphatiea.  For,  in  intense  and  obstinate  cases  of  conjunctivitis  lym- 
pliatica  the  affection  spreads  to  the  palpebral  conjunctiva,  which  may  become 
very  much  reddened,  swollen,  or  even  velvety;  in  fliat  case  a  mucous  or  muco- 
purulent secretion  forms  upon  the  conjunctiva.  It  ia  often  difficult  to  dis- 
giiish  between  svich  ca.sps  and  catarrh,  especially  if  just  at  the  moment  of  exami- 
nation there  are  no  characteristic  efflorescences  present  upon  the  conjunctiva 
of  the  ej-eball.  Fortunately,  a  mistake  in  diagnosis  does  un  harm,  since,  with 
Buch  a  condition  of  the  conjunctiva  existing,  gentle  cauterization  with  the  ni- 
trate-of-silvcr  solution  Is  always  indicated,  no  matter  what  the  origin  of  the 
discKSC.  The  pustular  fonn  of  acute  conjunctival  catarrh  forms  a  sort  of  in- 
termediate stage  between  catarrhal  conjunctivitis  and  conjunctivitis  lymphatiea 
(iee  page  41). 

Scrofulous  pannus  i.s  to  be  chiefly  distinguished  from  pannu.s  tnichomatosu« 
by  the  fact  that  an  exact  examination  of  the  conjtmctiva  of  the  lids  and  of  the 
fold  of  transition  either  discloses  the  changes  of  trachoma  or  establishes  the  fact 
of  their  absence.  In  regard  to  corneal  ulcers,  which  have  been  preceded  by 
the  efflorescences  of  a  conjunctiviti.'«  lymphatiea,  it  is  sometimes  impos.«nble  to 
rtK:ogni;£C  the  fact  of  this  origin  with  certainty,  except  when  the  ulcer  is  located 
at  the  very  margin  of  the  cornea,  and  extends  into  the  limbus  conjunctivte; 
corneal  ulcers,  as  peripherally  situated  aa  thi?,  occuning  only  ia  connection  with 
conjunctivitis  lympkiitica.  The  vascular  fusriculus  can  readily  be  confounded 
with  an  ordinmry  corneal  ulcer,  to  which,  in  the  course  of  healing,  vessel.«'  have 
made  their  way  from  the  limbua  so  aa  now  to  form  a  reddish-colored 
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fn  the  limbua  and  the  ulcer.  In  such  n  casr  there  is  no  fear  ai  the  ulcer's 
iding  into  the  pupillary  urea  of  the  cornea,  and,  after  the  ulcer  iieaU,  only  a 
lall,  rounded  macula  is  left,  and  not  a  long,  ojmque  stria  as  in  the  case  of  tbo 
fasciculus.  The  distinction  Iwtwcen  these  two  affections  can  be  made 
i:  In  the  vascular  fasciculus,  the  advancing  margin  of  the  ulcer,  in- 
itiated with  gray,  in  reodily  visible;  the  blood-vcüscis,  as  they  run  over  the 
eornea,  lie  in  the  furrow  which  tlie  ulcer  ha»  channeled  in  the  course  of  itri  prog- 
ms — lie,  therefore,  at  or  below  the  level  of  the  corneal  surface.  In  the  case 
of  a  simple  ulcer  connected  with  which  there  has  been  a  development  of  ve«- 
bU,  this  furrow  and  the  ojwicity  corresponding  to  it  arc  wanting. 

la  the  treatment  of  conjunctivitis  lyraphatica,  enhmcl  plays  the  greatest 
Since  this  remedy  under  its  own  form  is  insoluhle  in  water,  it  was  nt 
tni  believed  that  a  purely  mechanical  action  should  be  «scribed  to  it  (a  scratch- 
ing open  of  the  efflorescences,  which  were  considered  to  be  vesicles).     But  o|>- 
poaed  to  this  view  i.i  the  fact  that  indifferent  powders,  for  inslance,  finely  pul- 
Verizieil  glass,  which  were  also  employed  for  inspersions,  did  not  develop  the 
fliuno  action.     More  recent  investigations  have  proved  that  the  action  of  calomel 
is  a  chemical  one.     The  calomel  powder,  when  sprinkled  into  the  eye,  remains 
B  long  time  in  the  conjunctival  bac;  minute  quantitie»  of  it  are  transformed  by 
[the  sodium  chloride  contained  in  the  tears  into  corrosive  sublimate,*  which  is 
lus  continually  being  formed  in  tmall  quantities,  and  exerts  a  steadily  con- 
tinued action  ufMjn  the  conjunctiva.     ÄCTordiiig  to  others,  calomel  itself  is,  to 
«mall  extent,  soluble  in  a  salt  solution  such  aa  the  tears  represent,  and  is  hence 
efficient  under  its  own  form.     If  we  undertake  the  inspersion  of  calomel  in  pa- 
licntä  to  whom  at  the  same  time  iodine  is  being  aduiinistered  Internally,  wc  not 
ifrcquently  observe  a  strong  corrosive  action  from  the  calomel;  for  the  latter 
foruw  N»  ith  the  iodine  excreted  in  the  tears  the  very  corrosive  mercuric  iodide 
l(Sthläfke).     Tliesc  two  remedies,  therefore,  ore  incompatible  with  each  other. 
A  .«ymptom  that  is  CRpccially  tormenting  for  the  patients  is  i\\c  phoro]th<tfiia, 
•o  often  connected  with  conjunctivitia  lymphatica.     In  m:tny  cases  this  i)enii8t8 
^obstinately  for  months.     The  parents  then  bring  the  children  to  the  j^hysieian, 
tlie  sljitemenl  that  thoy  have  been  "blind"  for  such  or  such  a  number  of 
Tlie  children  offer  the  greatest  resistance  to  the  forcible  opening  of  tlie 
pccially  when  there  are  excoriations  at  the  external  commissure,  which 
h,  and  are  prone  to  bleed  when  the  lids  arc  separated.     Hence,  in  such 
the  paljx'bral  fi.'^sure  is  to  be  opened  cautiously  and  not  too  wide,  so  as  to 
making  the  struggles  of  the  children  still  greater.     The  lids,  and  espe- 
cially the  upper  lid,  arc  rendered  (rdcmatous  by  the  constant  blepharospasm, 
because  the  veins  of  the  lid^,  which  pass  between  the  fibers  of  tlie  orbicularis, 
compressed  by  persistent  contraction  of  this  muscle.     Furthermore,  a  state 
'of  inversion  of  the  lids  (entropion  s[Histicum)  may  be  induced  by  the  violent 
way  in  which  tl>e  eyes  are  screwe<l  together.    Finally,  CLses  have  been  descrihed 
^in  which  children  who  have  suffered  for  a  long  time  from  bli'pharosi>asrn  were 
erfectly  blind  after  the  disappearance  of  this  symptom  (V'on  tJraefe,  9c;hirmcr, 
^Leber,  Samelsohn,  Sile.t,  Fürstenhcira).     Such  blindness  is  transient.     As  in 
most  coses  no  objective  changes  were  demonstrable  as  the  cause  of  the  blind- 
aeM,  DO  positive  explanation  for  this  can  yet  be  assigned. 


[•  Acoonling  to  some,  however,  calomel  can  remain  in  contact  with  tear-fluid 
indefinite  time  without  change.— D.] 
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In  moet  cases  the  blepharospasm  soon  jiclds  if  the  conjunctivnl  trouble, 
%vhich  forms  the  bawis  of  it,  has  been  ameliorated  by  approi>riate  treatment. 
In  ease  the  qmsjn  of  the  lid  is  particularly  obstinate,  Arlt'a  ointment  (05  gmmme 
of  extract  of  iielbdonna  to  5*0  grammes  of  blue  ointment)  may  be  rubbed  into 
the  patient's  forehead  and  temples  two  or  three  times  a  day.  Instillations  of 
cocaine,  pretty  frequently  repeated,  or  douching  the  entire  surface  of  the  body 
with  cold  water  every  day,  are  also  frequently  of  efficacy.  Finally,  we  can 
even  perform  the  opcmtioa  of  splittiug  the  external  commissure  fcanthoplasty, 
sec  §  100),  especially  when  the  pulpubnd  fissure  Fias  been  abnormally  contracted 
by  reason  of  blepharojihimoäis. 

Herz  has  called  attention  to  the  fact  that  many  children  who  suffer  from 
conjunctivitis  lymphatif:ft  arc  infested  with  head-lice,  and  that  after  doing  away 
with  these  vermin  the  conjunctival  disease,  which  hitherto  may  have  been  ob- 
stinate, often  heals  with  surprising  rapidity.  He  concludes  from  this  tliat  the 
irritation  of  the  skin,  set  up  by  the  lice,  is  capable  of  exciting  and  of  keeping 
up  the  aflection  of  the  coujunctiva. 


VII.  Vernal  Catarrh. 

20.  Symptoms  and  Course. — Vernal  catarrh  (Sacmisch)  is  a  chronic 
disease,  persisting;  for  years  and  setting  np  very  charivcteristic  changes 
in  the  conjunctivjt,  both  of  the  tarsus  and  of  the  eyeball.  The  conjunc- 
tiva of  the  tarsus  is  covered  with  papilla?,  which  arc  broad  and  flattened, 
so  as  to  make  the  conjunctiva  appear  like  a  rougli,  irrc^gular  street- 
pavemeut.  Over  the  whole  lies  a  delicate,  bluiah-white  film,  as  if  a 
thin  layer  of  milk  had  been  poured  over  the  conjunctiva.  The  changes 
in  the  conjunctiva  of  the  eycliall  are  still  more  striking,  although  not 
so  constantly  present.  Growth.^  arise  from  tlie  limbusat  the  outer  and 
inner  side  of  the  cornea,  ander  the  form  of  brownish,  uneven,  hard 
notlules  of  gelatinous  appearance.  These  extend  partly  into  the  trans- 
parent cornea  for  a  short  distance,  and  still  farther  in  the  opposite  di- 
rection into  the  conjunctiva.  In  contradistinction  to  the  nodules  of 
conjunctivitis  lymphaticu,  which  break  down  so  speedily,  these  nodules 
never  ulcerate ;  on  the  contrary,  they  are  very  stable  bodies,  often  last- 
ing for  years  with  but  slight  variations  in  size. 

Quite  as  characteristic  as  the  changes  objectively  preceptible  are  the 
statements  given  by  tho  pationta  They  say  that  during  the  winter 
they  experience  little  cr  no  annoyance  from  their  eyes,  but,  as  soon  as 
the  first  warm  days  come  in  sjiring,  the  eyes  begin  to  grow  red  and  to 
water ;  the  patients  are  greatly  tormented  by  photophobia,  and  espe- 
cially by  a  constant  itching  in  the  eyes.  The  warmer  the  weather,  tho 
greater  the  intensity  of  the  subjective  troubles ;  conversely,  the  patient« 
feel  easier  if,  fur  instance,  there  occur  in  summer  a  series  of  cool,  rainy 
days.  In  autumn  the  troubles  onco  more  abate,  and  during  the  cold 
season  they  disappear  completely,  only  to  begin  anew  in  the  following 
spring.  The  difference  in  tlie  objective  condition  at  different  seasons 
of  the  year  is  considerably  less  tlian  one  would  suppose  from  the  great 
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ehanj^c  in  the  patient's  subjective  state,  and  cousists  principally  in  the 
oyejt  being  free  from  diacoloration  in  winter  and  injected  in  summer, 
while  the  growths  upon  the  conjunctiva  apjwar  but  slightly  fimallcr  in 
winter  than  in  summer. 

Vernal  catarrh  is  a  pretty  rare  disease,  chiefly  affecting  the  male 
MX  and  the  ages  of  boyhood  and  youth.  Almost  always  both  eyes  arc 
stlAcked  by  it  The  disease  generally  keeps  on  making  its  return 
annaally  for  three  or  four  years,  and  often  longer  still,  for  ten  or  even 
twenty  years,  until  finally  it  becomes  extinct,  without  leaving  any 
jnarked  traco-of  its  presence  behind.  The  prognosis  is  therefore  good 
as  regnrdfi  the  ultimate  outcome,  but  bad  as  regards  the  duration,  as 
up  to  the  present  time  we  know  of  no  remedy  for  curing  the  disease 
or  for  preventing  its  annual  return.  The  cause  of  the  disease  is  un- 
kuowo. 

Inasmuch  as  we  arc  unable  to  cure  the  disease,  the  trmttneut  must 
be  limited  to  the  amelioration  of  the  subjective  symptoms.  We  com- 
bat the  inflammation  with  the  remedies  used  for  acute  and  chronic 
oonjanrtival  catarrh.  For  the  itching  and  photophobia,  cocaine  in 
two-por-cent  solution  may  be  instilled.  If  the  growths  are  of  a  con- 
ndeniblo  size  they  may  be  removed. 

V«rnal  eat»rrh  is  not  a  catarrh,  as  the  not  altogether  suitable  name  chosen 
for  it  would  indicat«',  bnt  i»  a  diseB.se  sui  generis.  It  was  first  described  by  Arlt 
(1Ä4#>,  who  rej^rded  it  as  a  peculiar  varietj  of  conjunctivitis  lyinphatica.  8ul>- 
I]  '^marres  mentioned  it  under  the  title  "hypertrophic  p^rikd-ratique," 

>  »s  gpl.itiauu.H  thickening  of  the  limbua,  nirechlxTj^  as  phlyctsna 

pallida.  S«emi»ch  first  bronght  into  prominence  the  characteristic  cxncerba- 
tioo  of  tlie  disc«»«  during  the  warm  season,  and  therefore  called  it  verosl 
eatan*!!,  bjr  wliich  name  it  ia  at  present  commonly  designated.  Homer  discov- 
ctvd  tiM  pertdiar  character  of  the  tarsal  conjunctiva,  and  thu.s  completed  the 
plebue  of  the  disease. 

HW  CMse  of  the  disease  \a  nnknovm.  Perhaps  it  depends  upon  a  peculiar 
sort  of  ■iien>HM]gaaiiin,  for  which,  however,  I  like  others  have  looked  in  vain. 
BooMfeaiB  ago  I  nw  a  tea-vear-old  boy  who  exhibited  a  partirniarly  light  form 
of  UM»  diaeaae;  only  tlie  riglit  eye  was  affected,  end  in  it  there  was  only  one 
■nan,  though  riianctcristic,  nodule  in  the  limbus,  at  the  outer  margin  of  the 
«WW»*»  The  tanal  conjunctiva  of  the  upper  lid  waa  also  diseased,  but  only 
ia  out  aiagla  *pot,  and  tliat  at  the  place  which,  when  the  lids  were  closed,  came 
lato  coatact  with  the  nodule  upon  the  limbus.  Here  there  was  a  very  small 
area  eovvrtd  with  broad,  flattcDcd  papills,  with  dull,  bUiL<4i-white  surface. 
Wldl«  kmftJaif  at  thia,  one  could  not  get  rid  of  the  notion  tiiat  here  the  spot 
tkat  vaa  frst  diaeaanl  (ooajectarally  the  one  upon  the  limbus)  had  infected  the 
area  of  the  conjuactiva  tani,  which  lay  oppoidte  to  it,  and  with  which  it  came 
0OHlaBÜy  is  ooelaet — a  fiact  which  might  well  indicate  micro-organisma  as  the 
^  ■■It  tag  etoae  of  the  diaeaae. 

The  p^il»  oa  the  tataal  ooajaactrra  are  hard — sometime«  as  hard  as  car- 
tflagr.  I  feaad  tbrai  to  ooaaat  of  a  sort  of  areolar  connective  tissue,  with  a 
pawJitf,  hjaloid  dqfeBcntäoaof  the  edk  of  the  cooaectivc  tiaaae  and  of  the 
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vessels.  The  epithelium  covering  the  papiHse  is  thickened,  and  to  this  is  prob- 
ably due  the  imicroscopically  visible,  blubli-wliite  film  upon  the  surface,  which 
is  characteristic  of  the  disease.  The  growths  upon  the  limbus  consist  of  con- 
nective tissue,  wliich  is  provided  with  Vüry  many  cells  and  blood-vessels.  Here, 
also,  the  epithelium  i^  greatJy  thicküned,  and  in  places  penetrates  into  the  porta 
below,  under  the  form  of  solid  epithelial  plugs  (Homer,  Vetsch).  Tlie  growths 
are  separated  from  the  healthy  cornea  by  sharply  defined  borders.  In  the  cornea 
a  slender  gray  stria,  resembliü«^  the  arcus  senilis,  may  be  seen,  which  nins  parallel 
to  the  margin  of  the  nodule,  und  is  separated  from  it  by  a  slender  strip  of  trans- 
|)arent  cornea. 

In  the  lightest  cases,  the  growths  upon  the  lintbus  are  wanting,  the  changes 
upon  the  tar*!il  conjunctiva  alone  being  found.  The  latter  arc,  hence,  more  im- 
portant for  the  diaguusiä  of  the  diüease.  But  in  severe  cases  the  growths  upon 
the  lirabus  reach  a  considerable  extent.  They  sometimes  even  go  entirely  round 
the  cornea,  so  that  the  latter  is  encircled  by  a  high,  hard  wall.  In  two  cases  I 
have  seen  the  cornea  itself  quite  extensively  attacked  by  the  morbid  process. 
Tlie  first  case  was  that  of  a  sixtecn-ycar-old  boy,  iu  whom  a  layer  resembling  a 
paiinus,  but  pale,  gchitinou.s-looking,  and  devoid  of  vessek,  shot  out  over  the 
cornea  from  the  thickened  limbus.  In  epite  of  all  attempts  to  check  by  thera- 
peutic measures  the  progress  of  the  growth,  the  whole  cornea  was  ultimately 
covered  by  it,  and  remained  permanently  clouded.  In  the  second  case,  a  Greek 
of  thirty  years  of  age,  an  analogous  growth  took  place  on  the  cornea  of  both 
eyes,  although  it  did  not  cover  the  cornea  completely,  but  left  free  on  both 
Bides  a  small  central  area,  about  corresponding  to  the  size  of  the  pupil.  Accord- 
ing to  Van  MillJngen,  such  cases  not  infrequently  come  under  observation  in 
Conatantinoplc,  where  the  disease  appears  to  occur  m\ich  more  often  than  it 
does  here. 

The  second  case  is  also  of  interest  because  it  concerned  a  grown  man,  while 
the  disease  ordinarily  occurs  only  in  youth.  Quite  email  children  are  also 
exempt  from  it ;  there  is  only  one  instance  of  a  one-year-old  child  being  observed 
to  suffer  from  the  disease. 

The  growths  in  the  limbus  might  lead  to  a  confusion  of  vernal  catarrh  with 
conjunctivitis  lymphatica,  the  pripillio  upon  the  conjunctiva  tarsi  to  a  confusion 
with  trachoma.  The  growths  in  the  limlm.s  arc  distinguished  from  the  efflorca- 
ccuccä  in  conjunctivitis  li'mjjhatieii,  fip;irt  from  their  external  appearance,  chiefly 
by  their  unehaugeuble  character  duriug  even  a  prolonged  course  of  observation. 
The  papillary  outgrowths  are  most  of  all  distinguished  by  their  bluish-whit« 
coating,  which  ia  wanting  in  papillary  triichoraa.  The  history  of  the  ca«e  is 
also  of  8j)ecial  importance  in  making  the  dülerential  diagnosis.  The  extremely 
characteristic  statements  in  regard  to  the  fact  of  u  return  of  the  disease  every 
year  in  the  spring,  often  establish  the  correct  diagnosis  before  we  have  even 
looked  at  the  eye.  In  h.iy-fever,  to  be  sure,  there  is  also  generally  a  return  of 
the  conjunctivitis  every  year  in  the  spring  (see  page  41).  But  this  recurrence 
is  an  acute  one,  and  runs  its  course  within  a  few  weeks,  while,  on  the  contrary, 
the  Symptoms  of  vernal  catarrh  hi.st  during  the  whole  of  the  warm  season.  At 
this  time,  too,  the  objective  changes  are  at  their  nemo.  During  the  winter  the 
eye  becomes  free  from  discoloration,  and  the  growths  at  the  limbus  diminish 
somewhat  in  size — quite  small  growths,  indeed,  tUaappearing  completely.  On 
the  other  hand,  the  papilla?  of  the  tanal  conjunctiva  remain  pretty  nearly 
unaltered. 


I 


I 


DISEASES  OP  THE  CONJUNCTIVA- 


«T 


In  the  trvntment  of  vcrnul  catarrh  I  huve  found  the  instillation  of  a  Ihree- 
L  per-rt-nt  »«»lution  of  \H>nc  acid  and  the  inunrtion  of  a  one  to  two  per  cent  oint- 
P^Wcat  of  wliite  precipitutc,  as  recointneiided  by  Arlt,  to  be  the  most  efficient 
(  nifiin-«  for  ulK-vinlin^  tlie  patient'»  BufTcring^.  More  recently  1  have  employed 
with  surccj»  upon  Viin  Millinjrcn's  recommendation  dilute  acetic  acid  (one  drop 
of  iu:iduni  ncetirum  ditiitum  to  ten  to  twenty  jrnimnu's  of  water). 

Following  the  analoj^y  otTered  hy  tnichomii,  wjiiiu  have  tried  to  make  the 
gmwth«  of  the  conjunctiva  di.sitp[H?ar  by  daily  cnuterization  with  the  copper- 
stick.  This  attempt,  however,  ha,s  been  as  a  rule  unsuccessful.  Some  recom- 
Otcnd,  rombined  witii  the  local  treatment,  internal  treatment,  especially  with 
u^etiic  (ÜC  Wecker,  Homer). 

VIII.   Conjunctivitis  Exanthematica. 

21.  Conjunctivitis  exanthcrnalica*  is  a  collectivo  nninc  for  M  tboso 
iiifiaintnationa  of  the  coujuuetiva  which  accotnpaiiv  cxitiitheiuä  of  tho 
skin. 

Among  the  aruie  exantlwmaia^  measles  is  regularly  associated  wjtli 
a  coujutK'tivitis.  This  appears  under  the  form  of  an  acute  conjunc- 
tival catarrh  at  an  early  stage  (even  before  the  ernption  of  the  exan- 
ihein  upon  the  skin),  and  generally  disapjKfars  of  it-sclf  after  two  or 
three  weck^  In  variola,  small-pox  pustules  not  idfrcquently  develop 
uf»on  tlic  conjunctiva,  generally  upon  the  tarsal  conjunctiva  near  the 
inlerninrginul  line.  Sniall-pox  puülules  which  develop  upon  the  con- 
junctiva of  the  eyeball,  near  the  limbus,  are  dangerous  from  their  set- 
ting up  A  purulent  keratitis  in  the  adjacent  part  of  the  cornea — a  con- 
diti(»n  which  should  not  be  coiifoundeil  with  the  corneal  abscesses  that 
derelop  metastatic^tUy  in  8mall-|KiX  (see  g  38). 

Among  the  cfirotiic  ernnf/temnta,  sicne  rosacea  deserves  the  principal 
mention.  In  this  cutaneous  affection  the  conjunctiva  is  implicated  as 
follows:  A  minute  no'lule  forms,  with  moderate  symptoms  of  irritation, 
upon  the  linibus,  Thi.s  efflorescence  breaks  down  after  some  days,  and 
the  ultTr  thus  produced  heals  without  leaving  any  visible  cicatrix  behind 
(Arlt).  This  alTeclion  bears  the  greatest  resemblance  to  the  simple 
typical  picture  of  Conjunctivitis  lymphatica,  and  shares  with  the  latter 
it«  peculiar  tendency  to  frequent  recurrence.  On  this  account  it  is 
very  tormenting  to  the  patient.  It  is  possible  to  make  the  differential 
diagnosis  chiefly  from  the  fact  that  conjunctivitis  ex  acne  attacks  only 
adult«  and  those  who  are  at  the  same  time  affected  with  acne  rosacea. 
It  is  important  to  make  the  correct  diagnosis,  since  otherwise  we  might 
labor  in  vain  to  prevent  the  recurrences — a  thing  which  can  be  done 
'  ■  "  1  suitable  and  long-continued  treatment  of  the  acne  rosacea. 
I  J  inctivitis  itself  is  most  s(>eedily  cure<l  by  inspersions  of  calomel. 

The  cosjunctivitis  of  measles  «omctlmes  takes  on  a  blcnnorrhauil  or  even  a 
di{)hthcritic  aspect  (without  actuaUy  turning  into  tni«  blenuorrhoea  or  diph- 


*  Exanlkema,  from  (Utfat.  flower. 
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theria).  In  such  raises  the  conn?«  is  endnnrrerccl.  Diirins;  convalesCCTJwTS" 
Bomc  cases  of  nieusii's,  when  Ihf  cfuijunctivnl  iiillatnination  lias  already  become 
pretty  Blight,  I  have  ohst-rvcd  nuinernus  Jleibomian  glands,  Imth  on  the  u|>|H!r 
and  the  lower  lids,  liteoininfr  iiilisimed  and  »«ipjuir.-itin^'  (hordcf)la  meibomiana, 
see  §  109),  Tiie  jmrulent  ci  intents  were  evacuated  [lurUy  throufrh  the  orifices  of 
the  gland.^,  puitly  upon  liie  inner  surface  of  the  lid  after  breaking  through  the 
tarsus  and  the  conjunctiva. 

PEMPEiiuift  CoN.nrNrTrv/E.— In  this  disease  the  conjunctiva,  all hou^h  red- 
dened as  :i  whole,  disjiliiys  one  or  two  spotsi  that  are  dejirived  of  their  epithe- 
lium and  covered  with  a  ^ray  coating.  While  these  sput.s  are  slowly  undergoing 
cicatrization — a  process  iittended  with  .shrinking  of  the  subjacent  conjunciiva 
— other  s|Kils  of  the  saine  imture  ajipeiir  in  other  places.  TUuts  there  i-s  pnxluccd 
a  constantly  iurreasing  cicatricial  eontiuction  of  the  conjunctiva,  wlume  prog- 
ress, it  18  true,  is  very  slow  (cttending  over  months  and  years),  but  is  irresisti- 
ble. The  conjunctiva  becomes  whitish,  cloudy,  dry,  smooth,  and  tense.  First, 
the  folds  of  tninsitioij  vanish,  then  folds  make  their  apj)earan<e,  stretching  in  a 
vertical  dircctii>n  from  the  Vuh  across  to  the  eyeball.  The  corueu,  too,  b<>comea 
cloudy  and  dry  ui>on  its  Hurfiice.  In  the  hud  cases  the  lids  at  length  hiecome 
Cüm|iletely  adherent  to  the  eyeball,  so  that  the  cornea  is  pernnmeiitly  covered 
by  the  lids  and  the  eye  is  incurably  blind  (synddepharon  totale).  Hence,  the 
prognosis  of  pemphigus  i»  very  unfavorable — the  more  ao  ns  both  eyes  oreolwa^a 
attacked. 

Pemphigus  of  the  conjunctiva  is  generally  found  in  conjunction  with  erup- 
tions of  pemphigua  vulgaris  u|)on  the  »kin.  That,  with  rare  exception.^,  no 
bullai  arc  found  upun  the  eoiijunc-tiva  as  they  are  upon  the  skin,  is  ex])lninublc 
from  the  jiniitomieal  eharaeter  of  the  hitter.  Its  epithelium  is  .so  soft  and  deli- 
cate that  it  can  nut,  like  the  epidermis,  be  lifted  up  in  broad  layers  l)y  serous 
exudation,  but  ruptures  and  is  thrown  off  iu  the  form  of  shreds;  hence,  the 
raw  spots  upon  the  conjunctiva,  whicFi  soon  become  covered  with  a  gray  coat- 
ing, as  is  80  frequently  the  cuae  iu  wounds  of  mucous  membrnnes.  But  there 
Is  also  a  variety  of  peni[)higus  conjunctiva;,  in  vvhicli  the  skin  is  healthy,  while 
the  mucous  menibDUie  of  the  mouth  and  nose  is  aJTceted  with  [R-mphigus,  and 
pemphigtis  of  a  type  resendiling  that  of  the  e<injunctiva.  Finally,  there  are 
cases  in  which  a  conjunctival  lesion  of  the  kind  just  described  exists  without 
]K'mpliigus  being  pn-sent  elsewhere  in  the  body.  That  such  cases  as  these, 
which  were  first  described  by  Von  Oraefe  as  essential  phthi.iis  of  the  conjunc- 
tiva, are  also  to  be  «.scribed  to  petnpliigus,  is  not  certain,  thr>ugh  probable. 

Treatment  Jnis  no  power  to  restrain  the  process.  Arsenic  is  administered 
internally  for  the  pemphigus  ;  and  to  make  the  ]iatient  easier,  mucilaginous 
remedies  are  instilled  into  the  eyes  as  iu  xeroplvlhalmus  (sec  §  10).  Transplan- 
tation of  pieces  from  another  mucovis  memlmuic  into  the  conjunctival  sac  maj 
be  tried  in  order  to  replat e  the  cnnjunctivn  that  lias  been  destroye«!. 

Ltrpcs  CoN.irNCTiv.t:. — Lujms  of  the  ^kin  sometimes  is  continued  over  the 
edges  of  the  lids  u]Min  the  eonjuneliva.  In  this  situation  it  apjiears  as  an  ulcer, 
the  bottom  of  which  is  covered  with  granulations  in  which  tubercle  bucilli  can 
be  made  out.  Lu|)us  of  the  conjunctiva  mri.st  therefore  be  regarded  as  a  tuber- 
culous disease,  for  which  reason  reference  for  further  details  must  be  made  to 
the  article  on  tui>ercuJosis  of  the  conjunctiva  (§  2!J). 

In  the  case  of  other  exanthemata,  too,  for  instance  in  macular  and  papular 
syphilidcs,   in  pityriasis,  psoriajsi»,  herpes  iris,  lepra,   etc.,  llic  conjunctiva  is 


DISEASES  OP  THE  CONJUNCTIVA. 


90 


IM  chaTBCteristicHlly  implicated.     In  lepra,  nodules  generally  dovelup 

the  marccin  of  the  corneu,  and  subsequently  prow  down  into  the  subjncrnt 

[•cleni  and  also  upon  th«?  cornea;  when  upon  the  latter  they  not  infretiueiitly  huve 

]ihf  n|»f»ci»rjuire  of  a  new  growth.     There  is  iiu  nssociatcd  iritis  .somclimen  rom- 

'  bintnl  with  the  forinulion  of  lepra  nodules  in  the  iriis.     The  nodulcH  in  the  dif 

fercut  fHirt«  of  the  eye  finally  break  down,  and  the  eye  Is  loat. 

AMTtoiD  DKnENERATioN  OK  THE  CoNJ tiM-TiVA. — TliiH  ra«!  discftse  hiM« 
hitJ>rrtn  been  ob«crN'ed  only  in  Russia  and  tho  countries  »djneent,  and  wut<  tln»( 
drflcrilicd  by  Octtingen  in  DorjMt.  It  con.sislH  in  n  [Kiculinr  de^enerntion  of 
X\w  conjunctivB,  by  rea«on  of  which  the  Inlter  bcomc*  yellowish,  tranHhicent 
like  wax,  non<va«cular,  and  very  friable.  With  tliiü  there  is  u>wonntfd  a  con- 
.■iderabte  thickeninjij  of  the  membrane,  so  that  it  furmn  lar^e  swtllinjr»  which 
look  like  new  growths.  The  a£fection  begins  in  the  fold  of  tranHilion,  and 
from  thi«  passes  over  to  the  conjunctiva  of  the  eyeball  and  of  the  lids;  in  the 
Hdfi  tht.*  tarsus  also  is  subtioquently  implicated  in  the  degeneration.  In  n  cjut 
lliat  has  Uuted  a  long  time  the  following  clinical  picture  it»  found:  The  patient 
not  a{»en  the  eye  because  the  two  lids,  tmn.sformcd  into  large,  mlsKhnpm 
fellings,  cover  it  up.  If  the  lids  arc  dniwn  a.s  far  apart  as  poatible,  the  wax- 
tike  conjunctiva  is  seen  rising  up  under  the  form  of  a  rigid  prominence  all  nlRiut 
tlie  come*,  which  latter  is  either  clear  or  i»  coverc-d  by  pannus.  Thick  swell- 
^iotrs  belonging  to  the  fold  of  transition,  protrude  l>etwcen  the  lidn  and  the  eye- 
the  plica  semilanaris  also  is  enlarged  until  it  fonns  n  mis^ihnpcn  mawi. 
Tsrioos  Kwellings  arc  so  friable  that  they  often  tear  when  an  attempt  ia 
aimpiT  to  septtratc  the  lids  for  examination,  although  in  so  doing  they 
very  little.  The  diac— e  nms  a  very  chronic  course,  dragging  on  for 
without  anj  real  inlUininatofy  Symptoms,  until  at  length  the  ]Mitieot  is 
rircd  of  the  ue  of  hia  ejca  by  hia  ioaliility  to  open  the  misahaiien  lids. 
MieriMcnptc  exanijHtloa  baa  diowB  that  the  degeneration  of  the  conjme- 
,  originales  from  the  AibeoDJaacthral  celhilar  tiarae.  This  nt  first  is  fosad 
to  be  rtrj  ■bawiaallj  iaSItnted  with  cella  (adenoid  proliferation) :  then  byaltoe, 
ibUowed  by  aayloid.  degtacntioo  of  the  tivne  elements  nets  in  in  the  altered 
(BaehfaBaam).  In  doobtfal  cntes  the  chemicnl  rraetinn  of 
» tbe  ^a^matm  tttUäm.  Fimüly,  oücificatioB  or  «Moflatkn  may 
1  bImc  is  the  dncCMentai  Moooa  ncnbnuw. 

TIk  diHMK  wKMatk»  fffit  m  BÜddle  fife,  and  ofdhiarfly  both  eyca  a» 

■fleeled.     Tcrj  friifitly  wiiliiid  dggeueranion  ia  pnecdad  by  iradbooM  of 

eoajameüvm,  wbidi.  homv^n,  ritaoid  not  be  fcgwded  aa  the  ceaae  of  the 

IwmMKfe  m  tbe  leUer  eea  4e*e>pp  In  eyca  thnt  prevlonaty  «ere 

ty.    The  «■■!  €■■»  «f  tke  ^Batate  m  noC  tamni.     In  every  tnataacc  h  in 

Bfdy  lacnl  !••«■«,  Sar  the  iadmdaaia  atlaefccd  by  it  aw  aoond  aa  Car  aa  the 

;  of  th«  bm*t  b  mill  ■    I.  and  4e  wt  adfcr  tnm  asyloid  dtgcnMaUiwi  of 

iMMMl  mpmm»  «ilk  «Mcfe,  Cfcefcfeir,  aaylofid  dtgtauwütm  of  the  com- 
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IX.  Injuuies  of  the  Conjunctiva. 

22.  The  following  variptic-a  of  injuries  of  the  conjunctiva,  which 
are  of  suoh  frequent  occurrence,  are  obsei-ved  : 

(rt)  Forcit/n  liodies  in  the  conjunctival  sac.  Small-sized  foreign 
bodies,  like  grains  of  dust,  particles  of  coal  or  of  ashes,  which  so  often 
get  into  the  eye  during  a  railroad  journey,  the  wing-cases  of  small 
beetles,  etc.,  full  first  upon  the  surface  of  the  eyeball,  are  brushed  away 
from  this  spot  by  the  movements  of  the  upper  lid,  and  then  general! j 
fttick  to  the  inner  surface  of  the  latter  at  a  spot  not  far  from  it«  free 
border,  where  a  shallow  furrow,  the  sulcus  subtarsalis,  runs  parallel  to 
the  edge  of  the  lid  and  catches  the  foreign  body.  The  pain  which  such 
a  foreign  body  causes,  and  which  is  often  quite  considerable,  does  not 
originate  in  the  conjunctiva  itself,  which  has  very  little  sensitiveness, 
but  in  the  cornea,  inasmtich  an  with  every  movement  of  the  lid  the 
foreign  body  is  carried  over  the  cornea  and  scrapes  it.  Hence  the 
pain  is  absent  as  long  as  the  eye  is  kept  quietly  closed.  It  is  easy  to 
renujvt  the  foreign  body  after  the  lid  is  everted. 

In  other  cases,  small,  sharp-puinted  foreign  bodies  penetrate  into 
the  conjunctiva,  and  may  remain  there  a  long  time.  Grains  of  pow- 
der remain  fixed  in  the  conjunctiva  of  tlie  eyeball  without  giving  rise 
to  any  further  irritjition.and  may,  tlicrcfore,  be  left  in  the  coujuuetiva. 
Ijarger-sized  foreign  bodies  arc  retained  in  the  conjunctival  sac  o?ily 
when  they  get  into  the  upper  fold  of  transition.  In  this  spot  ihey  stay, 
remaining  still  even  during  the  act  of  winking,  cause  no  irritation  of 
the  cornea,  and  therefore  produce  but  little  trouble.  After  some  time 
has  elapsed  they  begin  to  excite  the  symptoms  of  chronic  conjunctival 
catarrh. 

(if)  SahtfioHS  of  co/itiniiitt/  of  the  conjunctiva  are  not  rare,  and 
often  associated  with  extensive  infiltration  of  blood  (ecchymosis).  If 
the  edges  of  the  wound  are  not  too  greatly  lacerated,  the  conjunctival 
wound  can  be  clo.sed  with  a  stitch. 

(f)  Bur/tfi  of  the  conjunctiva  and  injuries  hy  raustics  are  pretty 
frequent.  Burns  are  the  result  of  hut  water  or  steam,  hot  ashes  (espe- 
cially cigar-ashes),  exploding  powder,  fiames  striking  against  the  eye, 
molten  metal,  etc.  Of  the  injuries  by  caustics,  which  may  be  prodnced 
both  by  aciils  and  by  alkalies,  tliose  that  arise  from  the  action  of  lime 
are  the  most  frequent,  the  lime  getting  into  the  eye  usually  under  the 
form  of  tnortflr. 

The  action  of  burns  is  the  same  as  that  of  caustics;  the  conjunc- 
tiva at  tlie  atTected  spots  is  (k'stroyed  and  convertt-d  into  an  eschar. 
These  spots  stand  out  as  gray  or  white  patches  in  the  midst  of  the 
reddened  and  swollen  portions  of  the  conjunctiva  that  are  not  eschar- 
otic.  The  eschars  separate  in  consequence  of  a  delimiting  suppura- 
tion, and  the  resultant  granulating  losses  of  substance  in  the  conjunc- 
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tiv«  hpal  bv  a  drawing  in  over  them  of  the  neighboring  healthy  con- 
junctiv'iL.  The  final  result  is,  therefore,  always  tlie  forniiitiuu  of  a 
cicatrix.  This  cau  lead  to  a  diminution  in  size  of  tiio  conjunctival 
■M;,  or,  if  of  great  extent,  to  adhesion  of  the  lids  to  the  eyeball  (Sym- 
blepharon ). 

The  prognosis  of  an  injury  by  bums  or  caustics  with  regard  to  the 
preeervation  of  sight,  depends  primariiy  upon  the  condition  of  the  cor- 
uea,  which«  indeed,  is  always  simukaueuusly  atfected  when  there  is  an 
extensive  lesion  of  the  conjunctiva. 

Xfxt,  although  of  secondary  consequence,  the  losses  of  substance 
in  the  conjunctiva  itself  must  be  considered,  insismuch  as  the  adhesion» 
that  develop  from  them  may  cause  subsequently  more  or  less  disturb- 
ance of  the  function  of  the  eye. 

The  prime  therapeutic  requisite,  when  we  get  an  eye  under  treat- 
ment a  short  tirao  after  it  has  been  injured  by  caustics,  is  the  com- 
plete rpni<»val  of  any  corrosive  substance  that  may  still  be  present.  We 
remove  solid  particles  with  a  pledget  of  linen  or  with  a  forceps,  and 
then  wash  the  conjunctival  sac  out  thornnghly.  For  this  latter  pur- 
pose we  use,  as  far  as  possible,  such  sohilions  as  shall  neutralize  the 
oorrosive  substance  or  render  it  insoluble,  and  so  put  a  stop  to  its  in- 
jurious action.  In  the  case  of  caustic  alkalies  we  do  not  use  water,  but 
milk.  In  barns  produced  by  lime  our  k-st  plan  is  to  wash  the  eye  out 
with  oil  and  afterward  to  drop  in  a  concentrated  solution  of  sugar, 
sinoe  cane-sugar  forma  with  lime  an  insoluble  compound. 

In  the  further  course  of  an  injury  jjroduced  by  burns  or  caustics,  it 
is  incumbent  npon  us  to  restrain  the  subsequent  inflammation  by 
mean«  of  cold  compres.«es,  atropine,  the  application  of  a  bandage,  etc. 
After  the  separation  of  the  eschars,  our  nin»  must  be  to  confine  the 
rosuhing  adhesions  \vithin  the  smallest  |H)ssible  limits.  For  this  pur- 
|>ose  we  repeatedly  draw  the  lids  away  from  the  eyeball  in  order  to 
prevent  the  adhesion  of  the  two  op}M>8ite  raw  sui-face«.  If  the  loss  of 
substance  extends  so  far  as  to  implicate  the  fold  of  transition,  an  lulhe- 
sion  between  the  lid  and  eyeball,  starting  from  the  fornix  (Symble- 
pharon posterius),  can  not  in  any  way  be  avoided.  Such  an  adhesion 
must  be  removed,  as  far  as  can  bo  done,  afterward,  by  operative  meas- 
ures. 

Bometimes  foreign  bodies  are  introduced  into  the  eye  purposely.  Chief 
among  tlio«e  thus  oaed  are  what  are  called  crab's-eyes— the  lapidta  ranerorum. 
The«  are  flat,  olcareous  concretions  derived  from  the  stomach  of  the  crab^ 
which  are  ia  great  favor  nmoni;  the  laity  as  a  means  of  removing  foreign  bodies 
from  th^  eye.  Tbr  cnib'*-eye  i»  introduced  Iwtween  the  lid  and  llie  evebnll, 
■ad  tlien  b  pushed  acro«s  the  corse«,  carrying  with  it,  it  may  be,  mechanically 
aqj  lotoign  body  that  may  be  there.*    Sometimes  it  happens  in  the  perform- 


(*  In  tht«  cDoatTT  < 
IW  mxae  pvrpaac — D.] 


(the  flat  opemihi  of  certain  MotluM.iij  are  used  for 
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ance  of  this  manipulation  that  the  crab's  eye  slips  into  the  superior  fornix  and 
remaiu-s  there  unuoliceij.  We  miiy  then  liml  it  there  tnouths  or  even  yuar» 
aftcrwaril,  entirely  imbedded  in  llie  outgrowths  of  the  (tonjuiictivo,  which  has 
undergone  chronic  inliunmiatioii.  Fort'i^n  butlici«,  sue!)  us  iuind,  ashes,  and  the 
like,  arc  sihu  intentionaUy  intnxluceil,  for  the  purpose  of  Himuluting  an  eye  dis- 
ease, into  the  eye,  where  tliey  set  up  a  conjunetiviil  eaturrli. 

After  the  action  up<Mi  tlie  eye  of  tiTitaiit  8ubstunces,  consisting  either  of 
acrid  vapors  or  of  liquids  which  are  injectud  into  it,  an  acute  traunnitic  coii- 
junctivili.s  is  produced,  evidenced  by  intense  reddening  of  the  conjunctiva 
with  great  photophubia,  luchryniutiun,  and  pain,  with  which  is  associat«d  in 
violent  cmcs  an  (cdemalnus  swelling  of  the  lids.  A  similar  picture  is  presented 
by  that  variety  of  conjunctivitis  wliich  occur«  after  the  iictiou  of  intens«?  light 
u|>on  the  eye,  as,  for  ex:im)i!e,  after  dswwling  by  the  reflection  from  »now  («snow- 
bltudness),  or  by  the  clectnc  arc  light.  In  violent  cases  of  this  sort  there  are 
found,  besides  the  inflamniatiun  of  the  conjunctiva,  contraction  of  the  pupil 
and  also  slight  opacities  and  erosions  of  the  cornea.  These  syanptoms,  like  the 
erythema  of  the  «kin  occurring  as  a  rcsuU  of  insolation,  uro  produced  by  the 
action  of  the  ultra-violet,  chemically  active  light-rays  ( Widmark).  These  «iscs 
of  traumatic  conjunctivitis,  in  »pite  of  the  violent  symptoms  wliich  they  present 
in  their  beginning,  geacruUy  get  well  within  a  few  days  without  further  bad 
results. 

X,  Ulcers  op  the  Conjunctiva, 

23.  Among  the  morbid  processes  whioh  leud  to  the  formation  of 
uIcct'R  ui>oti  the  conjunctiva,  tiibcrcuhsif!  of  the  conjunctiva  requires 
apeciiil  mention.  Tuberculous  ulcers  are  located  as  a  rule  in  the  tarsal 
conjunctiva.  The  diseased  lid  even  on  external  ins])ection  looks  thick- 
ened. In  everting  the  lid  there  appears  upon  its  conjunctival  surface 
an  ulcer  which  is  either  covered  by  grajish-rcd  granulations,  or  has  a 
yollowish-red,  lardaceoiis-looking  base.  In  its  vicinity  small  gray  nod- 
ules (tuborclo  nodiitcä)  are  often  foutid  in  the  conjuvirtiv.i.  The  ulcer 
flhows  no  disfiosition  to  lieid ;  on  ihe  eoutrury,  it  spreads,  although  it 
does  so  very  slowly.  It  may  jiass  over  to  the  conjunctiva  of  the  eyo- 
ball ;  and  even  the  cornea  is  sometimes  covered  over  by  a  sort  of  pan- 
iius.  Ill  especially  severe  cases  the  ulcer  does  not  remain  confined  to 
the  conjunctiva,  but  cats  through  the  entire  thickness  of  the  lid,  so 
that  even  on  external  examiuation  a  deficiency  of  tissue  is  observable 
in  the  lid.  Quite  early  in  the  disease  tlie  lymphatic  gland  in  front  of 
the  ear  becomes  swollen  ;  afterward,  the  lympluitie  glands  about  the 
lower  jaw  and  in  the  neck  also  Ijecome  enlarg«!.  The  clinical  picture 
alTorded  by  the  disease  is  thus  pretty  characteristic,  although  the  diag- 
nosis is  to  be  considered  as  established  otily  when  fragments  of  tissue 
have  been  removed  from  the  ulcer,  and  tubercle  bacilli  have  been 
proved  by  the  ordiuary  methods  to  exist  in  tiiem. 

Tuberculosis  of  the  conjunctiva  generally  attacks  only  one  eye. 
The  patient  does  not  suffer  pain ;  it  is  only  by  the  swelling  of  the  lid, 
the  purulent  secretion,  and  subsequently  by  the  diminution  of  visual 
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that  lip  ia  annoyed  and  niado  aware  of  Üie  existence  of  hw 
lo.  Thu  disctiso  oconr!?,  alinosi  without  exception,  in  young  |>eo]ik', 
run«  an  uncommorily  chrouic  course,  boing  oft«n  protracted  over 
many  years.  Even  after  an  apparently  radical  cure  iL  eliows  a  great 
,  U-ndi-iu'V  to  recur,  and  it  can,  by  infecting  ihe  rest  of  tlio  organism, 
lly  hful  to  the  palient'u  death  from  tuberculosis.  The  treutmcnt 
)6UeH  where  a  uonipletc  reniuval  of  all  the  diseased  parts  secma 
consists  in  the  radical  excision  or  curetting  of  the  ulcer 
with  a  snbfloqnont  thorougli  cauterization  of  the  raw  surface.  The 
wounds  made  by  the  operation  arc  strewn  every  day  until  thoy  are 
|complet«ly  hculeU  with  iinely  powdered  iodoform,  a  remedy  which  just 
in  tub«rcaIou:$  procc&sos  proves  to  be  uf  particular  efficacy. 

Tiilttreuhnrhi  und  /«//««  of  the  conjunctiva  nn-  to  ho  lookt'd  njinu  m  nfToctions 
which  lire  idcrUicul  in  their  es.st'ntiul  churactt-r,  in  so  faruj^bntli  ri*iirisoiit  ulcor- 
•tivp  proci-N-ws  wJiich  urc  produci-d  hihI  maiiitiiin<'(I  by  thi-  iircsence  of  tubercle 
Iwrilli.  In  fact,  tlie  first  ca^tcs  of  tubt-rculuus  ulci-n»  of  the  conjunctiva  were  de- 
flcribed  oä  priniivy  Uipus  of  tlie  conjunctiva  (that  in,  lupus  of  the  conjunctiva 
without  &uy  coincident  lupn.n  of  the  skin)  (Arlt).  The  two  processes  arc  dis- 
tingimhcd  only  by  external  point*  of  difference  relalinj;  to  their  outward  aspect 
and  thvir  counw.  Thus,  as  ii  rule,  lupous  are  distinguished  from  tuberculous 
ulcers  of  the  conjunctiva  by  the  fact  that  they  have  rnijn"ati'd  frtim  the  skin  to 
Ihr  conjunctiva,  and  that,  like  hipuaof  the  skin,  they  show  a  »ponttmeous  cica- 
truation  on  one  aide,  while  on  the  other  the  ulcer  keeps  adviuicinjj. 

Tuberculosis  of  the  conjunctiva  may  be  primary  or  secondary.  It  is  pri- 
J^wutry  if  no  sign  of  tubprt-ulosi.s  is  present  in  the  rest  of  tlie  body  at  the  time 
when  the  affection  of  the  conjunctiva  begins.  In  that  case  tuberculosis  of  the 
conjunctiva  represents  a  purely  local  afifcction  which  ha«,  witlmvit  doubt,  l>een 
rxcitcd  by  direct  infection  of  the  conjunctiva.  A  jmrticle  of  dust  containing 
bacilli  get^  into  the  conjunctival  .sjic,  and  with  its  sharp  angles  produces  a  Hniall 
•cpcrticial  Icsiou  of  the  conjunctiva  which  i»  tluis  infected  (tubercle  bacilli  not 
|K-nctruting  into  the  conjunctiva  when  the  e[>ithelium  is  intact,  accordirg  lo 
tho  reNcarches  of  Vuhidei.  In  favor  of  an  infection  of  this  sort  is  the  fact  that 
wr  nor  tulicrcuiouji  ulcers  ho  frer|uent1y  heginning  in  the  region  of  tho  sulcus 
bubttiTHnlij»,  where  small  foreign  bodies  are  most  readily  retained.  Primary 
tnbrrculoüi.s  of  tho  conjunctiva  may  remain  for  a  hmg  time  confined  to  the  lat- 
ter; indeed,  in  exce])tionid  ca.se.s  it  may  even  heal  s|)ontaneou8ly ;  the  rule, 
however,  is  for  tuberculosis  to  spread  from  here  to  the  other  jMirts  of  the  organ- 
ism. Thiä  extension  may  take  j»lace  by  way  of  the  lymphiitjc  circulation,  the 
neightK>ring  lymph-glands  becoming  first  affected  with  tulMrculosis«.  Or,  the 
di:»ca»e  may  exiend  by  continuity,  the  lachrymal  passages  first  and  eubKcquenlly 
the  naHii  mucous  membrane  iK'ing  infected  by  means  of  Ihe  tears  which  contain 
liacilli. 

Those  citnes  of  conjunctival  tuberculosis  arc  to  be  regarded  as  necondary  in 
which  either  there  is  at  the  same  time  an  evident  tuberculosis  of  the  internal 
orgjmsicspecially  of  the  lungs),  or  in  which  tuliercidosi.H  is  truu.<*mitted  tothe  con- 
junctiva fmm  place.*  in  its  vicinity.  A  tubt-rculoiis  affection  of  the  nasal  mucous 
membrane  may  Ik«  transferred  to  the  conjunctiva  by  way  of  the  lachrymal  pas- 
sages.    Not  infrequently,  tliervfore,  wc  find  conjunctiva,  Inrhrjmal  sac,  und 
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nasa!  mucous  membrane  uttucked  at  the  same  time  by  tuberculosis,  and  a  care- 
ful study  of  the  history  of  the  case  and  au  exact  examinatiou  generully  reöder 
it  possible  to  make  «ure  whothtr  the  affectiun  has  passed  down  from  tiie 
conjunctiva  to  the  nose  «r  vice  versn,.  It  is  of  the  jfreatest  importance  for 
the  prognosis  and  trealnieut  to  detertuine  wht'lher  tuberculosis  is  confined  to 
the  conjunctiva  or  not.  lo  the  former  case  we  would  regard  the  operation  of 
removing  thorouglify  all  the  diseased  parts  as  of  very  preat  value,  since  by  it  tJic 
|>aticnt  may  be  permanently  relieved  of  hia  tuberculosis;  while  in  the  second 
Caae  a  radical  cure  is  not  to  be  thought  of. 

Ulcer»  of  the  conjunctiva,  besides  occurring  as  a  result  of  tuberculoaia,  are 
also  observed  in  tiic  following  conjunctival  aJlection«: 

(a)  As  one  of  the  symjttiwis  of  a  conjunctivitis,  an  example  being  the  mi- 
nute ulcers  origiaatin;^  in  the  clfiorescem-es  of  conjunelivitlÄ  lymphaticu  or  thoe« 
which  have  given  its  name  to  the  pustular  form  of  catarrh. 

(b)  After  the  separation  of  necrotic  portions  of  the  conjunctiva,  na  in  diph- 
theria, or  after  burning  of  the  conjunctiva  with  heat  or  caustics.  Here  belong 
also  the  eschars  |)rodticc"d  artificially  by  the  use  of  too  strong  apjjiications. 

(<■)  A.s  a  result  of  extintheraatti ;  ulcers,  for  instanre,  which  are  derived  from 
a  variolous  pustule  or  from  the  rupture  of  a  bulla  of  pemphigus  upon  the  con- 
junctiva. 

{({)  Upon  the  tarsal  conjunctiva  there  is  ipiltc^  t»ften  found  a  small  raw  sjKJt, 
from  which  rLsca  a  little  mass  of  granulations.  Here  we  have  to  do  with  a 
chalazion  which  has  broken  through  on  the  inner  side  of  the  lid.  As  a  rule,  a 
slender  sound  can  hp  introduced  through  the  granulations  into  the  cavity  of  the 
chalazion. 

(>)  I  have  seen  iu  some  cases  on  the  conjunctiva  of  the  eyeball  or  the  plies 
semilunaris,  ulcers  covered  with  a  thick  layer  of  pus,  which  were  of  acute  origin. 
TJtcse  were  accompanied  by  violent  inflammatory'  symptoms  in  the  conjunctiva, 
and  by  swelling  of  the  lids  and  of  the  lymph-gland  in  fnmt  of  the  ear,  and 
were  associated  with  quite  considerable  [>ain.  It  sceitLS  to  me  that  these  should 
be  attributed  to  infection  from  without,  produited  jierhaps  by  the  stings  of  in- 
sects or  liy  «mall  infected  foreign  bodies, 

(/)  Utters  which  have  developed  from  the  breaking  down  of  epithelioraata 
of  the  conjunctiva. 

(if)  }*yphiljtic  ulcers.  fJcnerally  we  liavo  here  to  do  with  those  losses  of 
substance  which  have  arisen  from  the  breaking  down  of  an  initial  sclerosis. 
These,  na  a  rule,  are  situated  near  the  free  Iwrder  of  the  lids,  but  are  also  ob- 
served in  the  fold  of  transition  and  even  in  the  conjunctiva  of  the  eyeball.  The 
transmission  of  syphilis  appears  to  tnke  place  most  frequently  by  kissing,  and 
in  small  children  also  by  the  jiractice  which  miiny  nurses  havf  of  moistening 
the  agglutinated  edges  of  the  lids  with  saliva  in  order  to  o]w'n  Uiem.  Occosion- 
ally,  also,  syphilitic  ulcers  have  been  observed,  whirh  were  produced  by  the 
breaking  down  of  gumraata  of  the  conjunctiva  (Hirschberg).  Syphilitic  ulcers 
of  the  conjunctiva  are  among  the  greatest  of  rarities.     . 

XI.    PTKRYnrUM. 

24.  Sjnnptoms  and  Course. — A  ptfjryginm  is  a  triangular  fold  of 
mucous  membrane  which  extends  from  the  conjunctivii  of  the  eyeball 
to  the  coruea,  either  at  the  inner  or  the  outer  side  of  the  latter  (Fig. 
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24).  The  apex  of  the  triangle  lies  in  the  transparent  portion  of  the 
cornea,  und  is  solidly  and  immovably  united  to  it.  The  bivse  of  llie 
triangle  spreatl^  out  in  the  conjunctiva  of  the  eyeball,  and  passes  into 
it  without  there  being  any  sharp  line  of  division  between  the  two. 
The  apex  '\a  called  the  heail,  the  base  the  body,  of  the  pterygium.  Tiii' 
part  that  lies  between  tho  two  and  (■orrospouds  1o  ttie  nmrgiu  of  the 
oomea  is  the  neck  of  the  pterygium.  Here  the  limits?  of  the  fold  of 
conjunctiva  am  the  most  sharply  defined,  as  its  borders  are  rounded  in 
iu  duch  a  way  that  a  small  sound  (S, 
Fig.  "H)  can  be  pushed  beneath 
them  for  a  short  distance.  A 
pterygium  of  recent  origin  ia  suc- 
culent, and  abounds  in  vessels 
which  run  converging  from  the 
bttse  to  the  upex  and  impart  to  the 
pterygium  its  red  color.  In  fiict, 
frum  it.*  similarity  in  form  and 
vascularity  (venation)  to  the  wings 
of  many  insect«  (Ili/meiiopterti), 
the  name  of  pterygium  is  derived.* 
The  foM  of  eonjunctiva  forming 
the  pterygium  is  lightly  stretched, 
80  that  there  are  produced  a  num- 
ber of  radially  disposed  furrows 
or  flutings;  furthermore,  in  ptery- 
gi«  which  are  situate<l  at  the  in- 
ner side  of  the  eye,  the  plica  semilunaris  is  often  quite  obliterated  and 
is  included  in  tho  body  of  tbe  pterygium  (Fig.  2i). 

A  pterygium  ]iushe3  its  way  quite  slowly,  with  moderate  symptoms 
of  irritation,  toward  the  center  of  the  cornea,  which,  in  the  cour.se  of 
monthii  or  year»,  it  may  finally  reach  or  even  pass  [progressive pte- 
ryjium).  Finally,  the  pterygium  comes  to  a  standstill;  it  grows  pider 
by  the  gnulual  disappearance  of  its  vessels,  until  it  is  at  bust  converted 
into  a  thin,  white,  tendinous-looking  membrane  (sfatitmnry  pterytfi- 
uin).  It  is  particularly  important  on  therapeutic  grounds  to  distin- 
guish sharply  between  these  two  stages — i.  e.,  the  progressive  and  the 
retrogresi^ive  stages  in  the  development  of  pterygium :  a  progressive 
pterygium  is  thick,  very  vascular,  and  consequently  red  ;  a  retrogressive 
pterygium  is  thin,  pale,  nearly  devoid  of  vessels,  and  tendinous. 

Pterygium  occurs  only  in  elderly  people.f  It  is  fouiul  most  fre- 
qoetitly  on  the  inner  8i<le  of  the  cornea ;  when  there  is  one  in  this  8j»ot 
already,  another  may  form  on  the  outer  side  also.     The  two  pterygia 

•  Prom  [»T«f<|if .  th*^  dimintttiro  of]  wripi^,  &  wing. 

f  [DuU  in  this  coaatrr  »t  least,  is  soiueiiiues  found  in   coiDparotivrly  young 

?I#.-D.] 


pteryKimii.  P.  The  (iotl<>(l  line.  rIii^wh  the 
wuy  hi  which  the  wotion  ix  iinnlc  hi  re- 
movlnK'th«»tit»"ryjiluin.  T,  cttruii'-lc  The 
ailjocent  i)Iioa  «•inilunarlti  has  Ik^'d  flat- 
ti"ni'<l  ii\it  hy  \\w  t*'iiKi«'f  fi>tti.'  i-f  Üi<« 
I'tcryBium,  and  Ih  ht-nii«  invisihie.  P, 
upper  punctum  lovriiu&l«. 
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may  even  mi^ct  in  the  center  of  tlio  cornea,  A  genuine  pt€r}giiiTn  is 
practically  nevrr  (ibservrd  at  tlio  iijtpcr  or  tlio  lower  margin  of  the  cor- 
nea; on  tlie  ulhur  hand,  it  is  not  infrequently  the  case  that  both  eye« 
ure  attacked  eimultuneou8ly  by  ptorvgiuni,  so  that  we  sometimes  see 
patients  who  have  four  pterygia,  one  on  tlio  outer  and  one  on  the  inner 
side  of  either  cornea. 

Amoug  the  injin-ious  results  which  a  pterygium  entails  the  woj*8t 
is  the  damage  done  to  the  eyesight.  This  begins  to  Ix)  produce<l  as 
soon  as  the  point  of  the  pterygium  projects  into  the  pupillary  area  of 
the  cornea,  and  it  increases  in  pi'oportion  as  the  point  ajii>roaehes  the 
center  of  the  hitter.  Moreover,  in  tlie  progressive  stage,  pterygium  is 
associated  with  a  condition  of  constant  irritation  in  the  eye;  and,  in 
addilion,  the  red  membrane  forms  a  striking  disfigurement  and  can 
also  cause  a  restriction  of  the  mobility  of  the  eye.  If,  for  example,  a 
pterygium  is  eituated  on  the  inner  side  of  tlie  cornea  and  the  eye  is 
meant  to  he  turned  strongly  outward,  the  eye  may  be  restrained  in  its 
movement  by  the  tension  of  the  pterygium,  and  therefore  fail  to  move 
laterally  as  far  as  the  other  or  healtliy  eye,  so  tliat  binocular  diplopia 
may  be  produced  in  consequence  of  this  faulty  placing. 

A  stationary  pterygium,  Avhich  is  small  and  does  not  extend  to  the 
pupillary  area  of  the  cornea,  does  not  email  any  serious  disul vantages 
to  the  person  who  has  it.  Stationary  pterygia  of  larger  size  cause, 
like  progrosstvo  pterygia,  disturbance  of  vision  and  restriction  of  the 
mobility  of  the  eye. 

Etiology. — A  pterygium  is  nothing  but  a  fold  of  conjunctiva  drawn 
up  over  the  cornea  and  fastened  to  it.  It  originates  from  the  Pinguec- 
ula, the  degenerative  jiroeess  which  exints  there  nniking  its  way  into 
the  linibns  and  then  gra<lually  upon  the  cornea  itself.  The  pinguecula, 
therefore,  grows  np,  aa  it  were,  over  the  cornea,  and  in  so  doing  draws 
the  conjunctiva  after  iL  The  advancing  degeneration  can  be  recog- 
nized at  the  ajiex  of  a  recent  pterygium  as  a  narrow,  gray,  non-vasca- 
lar,  gelatinous-looking  zone,  winch  forms  the  anterior  border  of  the 
pterygium,  and  is  quite  sharply  8eparate<l  from  the  transparent  cornea. 
Since  the  pterygium  originates  in  the  pinguecula,  it  is  evident  why, 
like  the  latter,  it  should  occur  only  at  the  inner  and  outer  margins  of 
the  cornea.  And  as  the  pinguecula  develops  in  consequence  of  the 
injurious  intlueiices  which  tlie  conjunctiva  in  the  region  of  tlio  pal- 
pebral fissure  is  exjiosed  to  in  the  course  of  years,  the  like  is  true  of 
pterygium  and  in  a  still  greater  degree.  Hence  it  is  found  only  in 
elderly  people,  and  in  them  es]iecially  when  they  are  innch  exposed  to 
wind  or  dust,  us  in  the  ca^e  of  country  people,  coachmen,  nioAons, 
stone-cutters,  etc. ;  while  among  the  well-to-do  classes  pterygium  be- 
longs among  the  rarities.  The  forcible  traction  which  the  conjunctiva 
exerts  upon  the  cornea  explains  the  triangular  form  of  tlie  fold,  it«_ 
incurved  margin,  and  its  great  tension  in  a  horizontal  direction. 
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Treatment. — The  treatment  of  pteni-gium  consists  in  its  oblation  by 
Aril's  niiaho«!.  With  a  tootliH  forceps  we  grasp  the  ptervgiimi  at  ila 
ii«*ck,  where  the  incurving  of  itj?  margin  permits  it  to  bepurtially  lifted 
from  its  betl.  Starting  from  this  point  we  carefully  dissect  off  the 
hea*l  from  the  cornea,  upon  which  it  lies,  keeping  close  to  the  line  of 
division  between  the  tiswue  of  the  pterygium  and  the  cornea.  When 
the  whole  of  the  head  as  far  as  the  limbus  has  been  separated  from  the 
eorneji,  we  ciroiimseribe  this  segment  by  carrying  from  the  up[)cr  and 
lower  margins  of  the  neck  two  converging  incisions  into  the  body  of 
the  pteryguim  (the  dotted  line,  Fig.  24).  In  this  way  a  rhomboidal 
piece,  containing  the  head  and  part  of  tlie  body,  is  excised  and  a  raw 
surfttcu  remains,  one  portion  of  which  lies  in  the  cornea,  tlio  other  in 
the  conjunctiva  of  the  eyeball.  This  last  is  covered  by  uniting  the 
upper  and  lower  nuirgius  of  the  section  by  means  of  one  or  two  intcr- 
rupteil  sutures.  The  wound  in  the  cornea  heals  by  a  cicatrix  forming 
over  it,  in  consequence  of  which  a  permanent  opacity  remains.  Care 
ID  sewing  up  the  conjunctival  wound  is  of  ihc  greatest  inijtortance, 
'Mpocially  in  the  neighborhood  of  the  limbua,  fis  otherwise  the  conjunc- 
tira  grows  anew  over  the  raw  surface  of  the  cornea,  and  thus  the  pte- 
rygium recurs. 

Ablation  is  indicated  in  every  case  of  progressive  pterygium.  Even 
though  the  pterygium  is  still  snmll,  we  can  not  be  sure  that  it  will  not 
grow  on  into  the  pupillary  area  of  the  cornea.  Hence  we  prefer  by  per- 
forming ablation  to  guard  in  time  against  injury  to  the  eyesight.  If 
the  pterygium  has  approached  sutliciently  near  the  center  of  the  cornea 
to  cause  disturbance  of  vision,  this  disturbance  is  indeed  rendered  less 
by  the  operation  of  ablation,  but  i.<*  not  completely  done  away  with, 
»ince  those  spots  of  the  cornea,  which  were  üccupieil  by  tlie  pterygium, 
never  agaiTi  become  perfectly  transjiarent.  In  any  ca.<«p,  the  associated 
symptoms  of  irritation,  the  restricliou  of  mobility,  and  the  disfigure- 
ment are  removed  by  the  ablation.  A  stationary  pterygium  does  not 
necessarily  require  ablation  ;  in  this  case  we  shall  be  guided  mainly  by 
the  wishes  of  the  patient  with  reference  to  the  removal  of  the  disfig- 
urement, etc. 


The  older  writers  düUnguUhed  a  pterygium  crassum  fvasculosum,  c«mo- 
ittim,  «Äfcoui'itosum)  and  h  ptoryjfium  tenvu-  (niembmnaceum).  The  fonner 
oormponds  to  tlie  proffressivc,  tlie  latter  to  the  retr<j{rn.'S.Hivc  ptiryg^ium.  Tticsc 
desiffn»ti<^n!<  >"  fact  do  not  refer  to  different  varieties  of  pterygium,  hut  to  dif- 
ferent »fnges  of  the  same  pterj-jjium.  A  ptery;urium  ha«  been  shown  to  Imj  his- 
tologically identical  with  the  conjunctiva  of  the  eyeball,  of  which  indeed  it 
ht  only  a  projecting  fold.  In  consists  mninly  of  fibrüliir  connective  ti^uc, 
which,  tis  fur  an  tlie  apex,  ia  covered  with  the  epithelium  of  the  conjunctiva. 
lmlK><Ide<1  in  the  tissue  of  the  pterygium  are  found  s|Kjt»  which  indicate  the 
de^!ner!iti%T  proccHS  that  is  the  ehuriiiteriMtic  feature  of  the  pingiicculi.  Bow- 
niau's  niembrune,  in  the  place  where  the  pterygium  cover»  the  cornea,  is  de- 
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Btroycd;  indeed,  the  uppermost  latnells  of  the  cornea  even  are  replaced  tirre 
and  ihtre  by  the  tissue  of  thf  pterygium.  This  explains  why,  even  after  ihe 
ablation  of  tlie  (»teryijium,  thi'  «oriu'a  docs  not  re^in  its  normal  Irnnsparx-ncy. 

Arlt  deserves  the  credit  of  having  made  the  operation  for  jiterygium  u  «ue- 
ceas  by  demonstrating  the  neces*ity  of  closing  the  conjunctival  wound.  Pre- 
viously people  had  been  satisfied  with  sinijjle  ablation,  and  had  so  frequently 
had  recurrences  after  this  o|)eration,  that  with  many  it  had  altogether  fallen 
into  diitrepute.  In  very  broad  pterygia  it  h  difficult  or  impossible  to  unite  the 
edges  of  the  conjunctival  wound  by  a  suture.  In  that  case  liberating  incisdonii 
are  made  through  the  adjiiccnt  conjunctiva  in  order  to  facilitate  the  process  of 
dniwing  it  down ;  and,  instead  of  cutting  off  the  point  of  the  pterygium,  it 
muj  be  6cwe<l  into  the  gaps  which  have  been  made  by  the  liberating  incisions. 
For  patientd  who  are  afraid  of  the  knife,  Pzokalski  baa  proposed  a  method  of 
ligating  the  pterygium. 

PsEUDo-iTKiivoiUM  (CICATRICIAL  PTERYorüM). — Sometimes  we  observe,  as 
a  result  of  inflammatory  processes,  a  fixation  of  a  fold  of  conjuncti%-a  UfMn 
the  cornea,  giving  a  picture  similar  to  that  of  true  pterygium.  For  examplt*. 
there  may  be  an  acute  blennorrh(Pa  of  the  conjunctiva,  with  great  chemo!;i.s,  and 
a  pretty  large  marginal  ulcer  of  the  Cf>rne!i.  The  chcmotic  protuberance  of  the 
conjunctiva  becomes  applied  to  the  surface  of  the  ulcer  and  adheres  to  it.  After 
the  inflammation  has  abater],  the  swelling  of  the  conjunctiva  goc«  down,  the 
chcmotic  protubprance  disajipears;  but,  in  the  s])ot  where  union  of  the  cornea 
has  taken  place,  the  conjunctiva  remains  permanently  fixed  to  the  latter.  We 
then  see  a  triangular  fold  formed  of  conjunctiva  extending  over  the  limbus 
and  upon  thp  cornea,  and  attarhing  itself  there.  Ordinarily,  at  that  ]>art  of  the 
fold  corre.tponding  to  th«'  timbus  a  fine  sound  can  be  pas.sed  all  the  way  l>eucath 
th(!  fold;  a  sign  (hat  tlie  latter  is  adherent  to  its  bed  at  its  apex  only  and  not 
throughout  its  whole  extent.  Such  a  pseudo-pterygium  is  dLstinguished  from 
a  genuine  pterygium  in  that  the  conjunctiva  is  adherent  to  one  definite  spot 
upon  the  cornea,  and  remains  steadily  fixed  in  that  spot,  and  henct?  in  it« 
subseipient  course  grows  neither  larger  nor  smaller.  In  a  genuine  pterygium, 
on  the  other  hand,  the  conjunctiva  is  drawn  gmdually  farther  und  farther  up 
upon  the  cornea;  it  ha.s  ita  progressive  stage.  In  its  origin  and  its  behavior  a 
pseudo-pterygium  i.n  more  like  a  sjinblepharon  than  a  genuine  pterjgium. 

Pseudi»-plt*ry;jia  arc  observed  not  only  after  acute  blennorrha;»,  but  »!«• 
after  diphtherii»,  burning  by  heat  and  by  cviu-ntics,  the  occurrence  of  prolapse  of 
the  iris,  the  rcnioval  of  new  growths,  etc.  It  is  evident  that  they  may  develop 
not  only  at  the  outer  and  inner  sides,  but  at  any  side  whatever  of  the  cornea. 
The  pscudo-|)terygia  remaining  after  acute  blennorrhcea  are  usually  found  above, 
those  produced  by  burns,  etc.,  most  frc-quently  at  the  lower  part  of  the  cornea 
(the  region  corresponding  to  the  palpebral  fissure). 

Small  pseudo- pterygia  may  withtiut  disadvantage  be  left  undisturbed  : 
larger  ones  we  generally  remove  in  the  same  way  as  genuine  pterygia,  and  unite 
with  iititches  the  wounds  left  in  the  ctmjunctiva.  In  those  case*  in  which  the 
pseudo-pterygium  ia  not  adherent  to  the  surface  of  the  eyeball  at  the  spot  cor- 
responding to  the  limbus,  altlation  and  the  use  of  the  suture  may  be  dispensed 
with;  it  is  sufficient  simply  to  free  the  point  of  the  pseudo-pterygium  from  the 
cornea,  upon  doing  which  the  former  retract«  of  itself  and  disappears  by  a  pro- 
€688  of  atrophy. 

It  flomctimes  happens  that  an  old  pannus  which  has  already  been  tmns- 
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fonr«!  into  connective  iissiii',  is  united  to  the  suhjiicent  cornea  only  by  loose 
Gi'llulnr  tiKsiie,  and  thus  ucr]uire8  ii  certain  freedom  of  movement  so  that  it  can 
tw  shifted  this  way  and  thut  upon  its  l)ed  along  with  the  conjimctiva  of  the 
eyebftll.  In  thia  way  too,  then,  u  picture  Bimilar  to  that  of  u  pterygium  nmy  be 
>|voduccd. 

XII.  Symblepharon. 

25.  Symptoms. — By  symblfjilmron*  we  understand  a  cicatricial 
luiliesion  Ixitwuen  the  eonjiiuctivii  of  the  lids  and  tlic  conjunctiva  of 
the  eyeball.  In  thut  case,  when  we  attempt  to  draw  the  lid  away  from 
the  eyeball,  we  obj^erve  that  in  one  or  more  plact's  bunds  extend  from 
the  inner  surface  of  tlie  lid  to  the  surface  of  the  eyeball,  and  that  these 
become  lightly  stretched  and  prevent  us  from  drawing  the  lid  away 
complett4y.  Tliese  bands  generally  look  tendinous,  more  rarely  fleshy, 
»lid  may  be  attaciied  not  only  to  the  conjunctiva  sclera,  hut  also  to 
the  enrface  of  the  cornea  it.self.  If  the  adliesion  between  the  two  con- 
junctival surfaces  exten<ls  so  far  peripherally  as  to  reach  into  the  fornix, 
we  call  this  Symblepharon  poj<terin.'<.  If  the  adhesion  does  not  extend 
«s  far  Jis  this,  so  that  the  cicatricial  bands  stretch  like  a  bridge  between 
the  lid  and  the  eyeball,  and  we  can  introiluf«  a  .scnuid  beneath  them 
and  carry  it  along  the  fornix  between  the  lid  and  the  globe,  it  is  then 
eitlled  »yuiMepharon  antvrins.  This  distinction  has  been  e.^tubli.shed 
for  practical  rejusons,  inasuiucli  as  Bymblepharon  »nterins  can  be  readily 
cofTxl  by  an  operation,  Symblepharon  pogtorius  can  be  cured  with  difti- 
ctiltv  or  not  at  all.  Symblepharon  lotale  is  a  total  adhesion  between 
the  lids  and  the  eyeball — a  condition  which  occurs  but  rarely. 

Etiology. — Symblepharon  dcvelo|)3  whenever  two  opposed  spota  of 
the  conjunctiva  of  the  lid  and  of  the  eyeball  have  raw  surfaces  which 
come  into  contact  with  each  other,  and  in  consequence  become  adher- 
ent. Such  a  process  of  adhesion  results  of  necessity  when  the  two 
raw  surfaces  extend  up  into  the  fornix  and  there  pass  into  each  other, 
since  two  raw  surface?  winch  meet  at  an  acute  angle  always  begin  to 
nnite  at  this  angle  of  junction.  Causes  which  can  give  rise  to  the 
formation  nf  raw  surfaces  uiion  the  conjunctiva  are  burns  by  the  action 
of  heat,  burns  from  caustic  substances,  diphtheria,  operations,  ulcers  of 
all  kinds,  etc. 

The  expression  Symblepharon  is  also  employed  in  a  somewhat  dif- 
ferent sense  to  denote  the  contraction  of  the  conjunctiva  which  occurs 
as  a  result  of  its  gradual  shririkiny,  as,  for  instance,  after  trachoma  (see 
|^»gei  65).  In  this  case  it  is  not  a  tpiestion  of  an  adhesion  between  two 
raw  conjunctival  surfaces,  but  of  a  gradual  diminution  in  size  of  the 
conjunctival  sac.  The  folds  of  the  region  of  transition  arc  first 
snuMthed  out;  the  conjunctiva  of  the  lid  extends  directly  to  tlje  eye- 
ball (/,,  Fig.  19  B)  and,  whenever  the  lid  is  drawn  away,  is  lightly 
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drawn  nut  into  trnnsversely  disposed  folds.  In  advanced  cases 
coiijimutival  sac  is  converted  into  (juitü  a  shullow  grove  between  ihi 
eyeball  and  the  lid.  Since  contraction  of  tlie  conjunctival  surface  in 
consociueUL'e  of  sbrinking  always  makes  itself  first  apparent  by  disap- 
pearance of  the  fold  of  transition,  uU  these  cases  belong  to  Symblepharon 
posterius.  This  kind  of  Symblepharon  is  observed  principally  lifter 
trachoma;  furthermore,  in  the  rare  cases  of  pemphigus  of  the  con- 
junctiva. 

Very  light  cases  of  symblejjliaron  ]>roduce  no  bad  resnUs  worth 
mentioning.  When  there  are  more  pronounced  adhesions,  the  excur- 
sions of  the  eye  are  hindered,  and  thus,  in  any  case,  diplopia  may  be 
produced  just  as  in  the  case  of  ))terygiurn.  Iiuismuch  as  with  the 
movements  of  the  eye  traction  is  made  at  the  site  of  the  adhesions,  the 
eye  gets  to  be  in  an  irritated  condition.  If  the  adhesions  extend  into 
the  region  of  the  ]ialpebral  fissure  they  bccotne  disfiguring,  and  if  they 
extend  as  far  as  the  cornea  tliey  may  injuriously  atToct  the  sight. 
Sometimes  the  lids  are  so  fastened  down  by  extensive  adhesions  that 
tlieir  complete  closure  is  impossible,  and  lugophthalmus  is  produced 
with  its  cunseqtHiuces  that  are  so  baneful  to  the  cornea.  ToUil  Sym- 
blepharon is  obviously  associated  with  complete  blindness  (or  at  most 
with  quantitative  perception  of  liglit). 

Treatment. — This  involves  an  operation.  Cases  of  Symblepharon 
antfn'tt.t  arc  ea.«ily  cured.  We  separate  the  adlicsions  between  the  lid 
and  eyeball  witli  great  care,  so  as  not  to  cat  into  the  sclera  nor  the 
tarsus.  When  tlie  lid  hns  boon  set  free,  wo  must  then  make  it  otir 
business  to  prevent  a  rcadhosion  of  the  freshly  made  raw  surfaces,  and 
to  make  each  uf  these  cicatrize  by  itself.  This  is  effected  by  repeatedly 
drawing  the  lid  away  from  the  eyeball,  and  also  by  interposing  a 
pledget  dipped  in  oil  or  sttjcared  with  ointment  between  the  lid  and 
the  eye. 

In  nijmblophtirdit  pas/crfns  we  also  begin  by  separating  (ho  adhe- 
sions as  far  back  us  tlie  fornix.  But  if  we  siiould  content  ourselves 
with  doing  this,  a  reunion  of  the  recently  mado  raw  surfaces  would 
result,  starting  from  tlie  fornix  where  these  surfaces  come  together. 
In  order  t<i  avoid  this,  one  of  tho  iiiw  surfaces  must  be  covered  with 
conjunctiva,  so  that  a  place  coated  with  epithelium  lies  opposite  to  the 
raw  surface  remaining.  The  wound  on  the  eyeball  is  the  one  we  select 
for  covering  over,  because  the  coiijtiu(>:tiva  of  the  eyeball  can  readily 
be  displaced,  while  the  conjunctiva  of  the  lid  is  lulherent  immovably  to 
the  tarsus.  We  luoseu  the  conjunctiva  of  the  eyeball  on  both  sides  of 
the  wound,  draw  it  down  over  the  hitter,  and  unite  it  by  sutures.  Es- 
pecial care  roust  be  devoted  to  uniting  the  wound  in  the  neighborhood 
of  the  fornix.  If,  after  dividing  tlie  adhesions,  the  raw  surface  upon 
the  eyeball  is  so  large  that  it  can  not  possibly  be  covered  by  conjnno- 
tiva,  reunion  of  the  Symblepharon  will  result  in  every  case.     Hence, 
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of  extensive  Symblepharon  posterius,  and  evidently  cases  also  of 
'^Itiblvpliuruii  totale,  uro  incnrahlc.     The  same  is  true  of  symblepharou 
induced  by  the  gnidual  shrinking  of  the  conjinii!tiva. 

Wc  »omrtitiMM  itlso  operate  for  sjrmblepharon  ia  caa^n  in  whiili  t]ic  eye  has 
l»»*n  rfuderfd  blind  and  in  shriveled  up,  for  tlit-  purpose  of  niakinjj  possible 
the  imr<HluctJon  of  an  nrtifieiul  eye. 

Different  methods  have  been  dcvi-^ed  to  enable  us  to  0]>eraf'e  for  cases  of 
sjmblephuroa  posterius  wilii  cxteasive  iidheHtou.  Himly,  in  an  operation  nnnlo- 
gou-H  to  that  for  syndäictylism,  first  made  a  preliminary  perforation  of  the  ndhu- 
sion  along  the  fornix,  and  cnrried  n  lead  wire  tliruii;;h  the  eaniil  so  formed. 
The  latUT,  after  the  wire  has  been  in  it  a  pretty  lonj;  time,  becomes  covered 
»rith  epithelium  (like  the  canal  mode  by  piercing  the  lobule  of  the  ear  for  car- 
ring«).  8Ü  that  the  «yinblepharon  jwwterius  is  changed  into  a  Symblepharon  an- 
ieriuH,  and  can  l>c  operated  upon,  like  the  latter,  by  simply  ^i  pyrating  theadhe- 
gioD.  Some  have  attemjited  to  co%'cr  a  large  loss  of  substance  upon  the  eyeball, 
caused  by  the  removal  of  a  symblepharou,  by  niaking  the  conjunctiva  that  Ik  to 
l>f.'  dniwn  up  over  it  movable  by  meains  of  liberating  incisions,  or  by  fashioning 
IM-dicellute  (bxps  out  of  conjunctiva  and  attaeliing  them  to  the  wound  (Teale, 
Knajip).  Others  (Stellwag.  Wolfe)  have  grafted  non-pcdiceliatc  flaps  formed 
out  of  bits  of  mucous  nuMnbrane  from  other  locmlitie«  (the  conjiuictiva  of  the 
other  eye,  the  mucouK  membrane  of  the  lips,  or  that  from  the  mouth  or  vaginii, 
or  even  the  mucous  membrane  of  animals)  upon  the  raw  sjiot,  and  have  obtained 
anion.  Others  again,  for  covering  a  loss  of  substance,  take  tlie  external  skin 
citlwrr  in  the  fonn  of  small  flaps  grafted  upon  the  surface,  or  as  pedicellalc  flapa 
which  Bre  thnwt  in  between  the  eyeball  and  the  lid  through  a  feneslni  cut 
through  the  latter  (Kuh nt,  Schnellen).  Generally  speaking,  we  are  obliged  to 
^  acknowledge  that  in  extensive  adhesions  all  mi'th"ds  have  but  scanty  results  to 
^^K  offer,  liincc  the  !<ymble{rharon  commonly  returns  on  account  of  the  subsetfUcnt 
^^K^ahrinking  of  the  conjunctiva. 
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XIII.  Xerosis. 


26.  Symptoms. — Under  the  name  of  xerosis  *  conjunotivre  wo  desig- 
nate Uli  altenUioii  of  the  conjunctiva,  the  essential  chiirueter  of  which 
is  thjit  the  latter  is  superfi<nHlly  dry  and  i^  not  moistened  by  the  hichry- 
mal  fluid.  The  surfjice  of  the  conjunctiva  at  the  xerotic  spots  ia  dry, 
shines  like  fat  and  is  of  whitish  color,  and  looks  either  like  epidermis, 
or  as  if  it  were  c«»vered  with  dried  foam.  In  such  places  the  conjunc- 
tiva ia  thicker,  less  jilialjle,  and  lies  in  stifT  fotd.s.  The  tears  flow  over 
the  diseased  spots  without  moistening  them.  An  analogous  change  is 
also  observed  in  the  cornea,  the  surface  of  which  looks  dull,  histerless, 
and  dry,  while  the  parenchyma  of  the  cornea  at  the  siinw  tunc  ia  found 
to  have  lost  its  transparency  (xerosis  cornea-). 

Etiology. — The  ca-ses  in  which  xerosis  ia  observed  are  divided  into 
two  groups.  In  the  first,  xerosis  is  the  result  of  a  local  affection  of  the 
eye;  iu  the  second,  it  is  an  accompanying  symptom  of  a  general  disease. 

•  From  tvpit,  Jry. 
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Xerosis  resulting  from  a  local  affection  of  the  eye  is  found: 

(u)  Iti  cicutrivinl  deycnerdiion  of  the  conjunctivtt.  It  is  observed 
most  frcrjueiitly  us  Üiv  liiial  outcouic  of  trachotiia,  and  also,  but  more 
rarely,  sifter  dt])htlK'ri5i,  iioinpliigus,  burns,  etc.  It  begins  in  isolated 
spots,  but  may  ultiiuuti'Iy  .«preiKi  over  the  entire  conjunctiva,  and  over 
the  coruea  also.  In  the  latter  case,  since  the  xerotic  cornea  grows 
opaque,  the  eye  becomes  blind.     This  form  of  xerosis  is  ineuruble. 

(It)  Deficient  Khdterimj  of  the  conjunctiva,  ßo  tlial  the  latter  is  con- 
stantly in  contact  with  the  air,  can  likewise  lead  to  xerosis.  This 
occurs  in  ectropion  and  in  lagoplithalmus  (iiiconipletc  closure  of  the 
lid).  In  the  former  c:ise  the  exposed  jiortion  of  the  taj-sal  conjunctiva, 
in  the  second  case  that  part  of  the  srlcriil  conjunctiva  and  of  the  cor- 
nea lying  in  the  course  of  the  palpebral  fls.sure,  become«  covered  with 
a  thickened,  dry,  ei>idermoid  epithelium,  by  means  of  which  these  parts 
protect,  so  to  speak,  their  deeper  layers  against  desiccation.  In  such 
cases  assistance  can  be  rendered  only  when  it  is  possible  (by  operative 
interference)  to  provide  the  exposed  conjunctiva  or  cornea  with  it« 
normal  shelter  again. 

Xerosis,  resniling  from  a  general  diseasey  occurs  under  a  light  and  a 
severe  form  : 

(«)  The  lif/ht  form  is  associated  ivith  hemeralopia  (night-blindness). 
Siraultiiucously  with  the  peculiar  disturbance  of  vision  (see  §  105)  there 
arc  found  on  the  outer  and  inner  nide  of  the  conjunctiva  bulbi  suiall 
triangular  spots,  which  are  covered  with  wluii  resembles  fine  dried 
foam,  and  which  are  not  moistened  by  the  tears  (Bitot).  This  form  of 
the  disea-se  attacks  a^lulti^. 

(/()  The  xfitrre  forrn  is  associated  with  keratonialacia  (see  g  40). 
Here  also  xerosis  makes  its  appearance  first  in  the  region  of  the  con- 
junctiva corresponding  to  the  palpebral  fissure,  but  subsequently  it 
sprejuls  to  the  coruea,  which  breaks  down  into  pus.  The  disease  attacks 
children  only,  who  often  die  with  the  syniptuuis  of  a  severe  general 
disease.  It  is  conjectured  that  the  ligiit  and  the  severe  form  are  but 
ditTerent  grades  of  one  and  the  same  disease,  the  essential  nature  of 
which  is  still  utiktjrnvn  to  us,  The  .xerosis,  which  in  these  cases  attacks 
a  hitherto  perfectly  healthy  conjunctiva  and  cornea,  nmst  be  looked 
upon  as  a  consequence  of  the  disturbance  of  nutrition  produced  by  the 
disease.  Its  |nirtirul:tr  importance  to  us,  tlierefore,  is  as  a  symptom  of 
thi.s  general  attiK-tion,  against  which,  accordingly,  treatment  must  be 
particularly  directed. 

The  separation,  first  mndt'  by  Colin,  of  xerosis  into  a  variety  dependent  upon 
local  ciiuse«  and  oav  cimsod  by  a  ^fcncrul  disea-ne,  corrcsjxinds  nearly  to  the 
ordinary  division  into  xerosis  parenchjmato.'jfi  and  xerosis  ejiithclinli.«.  In  local 
xeroäiä  the  mucous  mcmlirane  is  diseaat'd  in  its  dfpper  as  well  as,  in  the  super- 
ficial layers  (xerosis  parenrhyinatosaj ;  while  in  xerusis  produced  by  a  general 
diaturbance  of  nutrition  the  chanj^'c  affects  the  epithelium  only  (xerosis  epithe- 


DISEASES  OF  THE  CONJITNCTIVA- 


113 


liaUs).  Ttmay  «Iso  make  a  distinction  between  xerosis  partialis  (aive  glabra) 
•ad  xntwia  totalis  (itive  iiqu&moKt). 

Tbc  anatouiic»]  chanKos  which  form  the  bAsia  of  xerosis  princiitally  affect 
th»  epithflium.  Tliis  becomes  thickened,  und  hence  wiiitish,  cloudy,  nnd 
epidermoid.  Moreovor,  it  asuumes  a  fatty  character,  in  couBtquunce  of  which 
tiie  lachrymal  fluid  does  not  adhere  to  it.  To  this  circumstance  the  peculiar 
dry  appearance  is  chiefly  owing,  for,  if  the  diseased  spots  are  freed  from  their 
fat  by  the  application  of  soap,  they  become  capable  of  being  wetted  by  the  tears 
(lx*ber).  The  fatty  character  is  partly  due  to  the  fact  that  the  thickened  epi- 
thelium is  covered  by  the  sebaceous  secretion  produced  by  the  Meibomian 
jjl.tnds.  But,  in  addition  to  this,  the  epithelial  cells  thtmsclves  fall  a  prey  to 
adi|MjiK)  degenenttioa,  so  that  we  find  them  filled  with  a  countless  DUmb«r  of 
▼er;  minute  drops  of  fat. 

Kuschbert  and  Neisser  have  described  as  occurring  in  xerosis  a  special 
micro-organ! am,  tiie  bacillus  of  xerosis.  This  is  found  under  the  form  of  short 
rods  adhering  in  great  quantities  to  the  surface  of  the  epithelial  cells.  Whether 
it  is  nsolly  characteristic  of  xerosis  of  the  conjunctiva  is  doubtful,  since  it  has 
been  found  in  the  conjunctival  secretion  under  other  conditions  as  well.  In 
any  case,  it  can  not  l>e  the  special  exciting  cause  of  the  disease;  on  the  con- 
trary, we  must  a.ssume  that  coming  from  the  air  it  gets  upon  the  conjunctiva, 
and  finds  in  the  e])ithelium  of  the  lattcx  a  soil  favorable  for  its  growth,  whenever 
this  epithelium  has  had  its  nutrition  injuriously  affected. 

What  port  does  the  luehrymal  urretwn  play  in  xcrosiH  ?  The  real  cause  of 
the  drjmeaB  of  the  conjunctiva  is  not,  as  has  been  believed,  the  deficiency  of 
IcaziL.  In  the  beginning  of  the  disea.HO,  as  long  hs  only  small  it^oltited  Hpots  of 
the  conjunctiva  are  xerotic,  we  often  find  actuully  an  increiuie  in  the  lachrymal 
MCflvtion.  Per  contra,  xeronis  of  the  conjunctiva  has  never  been  known  to 
oceor  after  extirpation  of  the  lachrymal  gland.  The  real  cause  of  the  dnrneM 
of  the  conjunctiva  in  rather  the  fact  that  the  tears  do  not  adhere  to  it.  Never- 
theloM  it  is  tnie  that  in  advanced  xerosis  the  lachrymal  secretion  diminishes, 
and  may  even  disappear  altogother,  As  a  cause  of  this  phenomenon,  Arlt  has 
found  in  a  caoe  of  xcrosu  obliteration  of  the  efferent  ducts  of  the  lachrymal 
gland  produce«!  by  the  great  Mhrinking  of  the  conjunctiva;  the  lachrymal  gland 
itwlf  being  diminished  to  one  third  of  its  normal  volume  and  trunsformed  into 
»  tiasa«  resembling  fat.  In  th.st  form  of  xerosis,  also,  which  occurs  in  con- 
nection with  keratomalaci.a.  there  is  a  striking  deficiency  in  the  Sachrymal 
tecrvtion;  but  here,  probably,  wc  have  to  do  with  a  nervous  disturbance — 
namely,  with  an  absence  of  the  reflex  lachrymal  secretion,  due  to  depression 
of  the  general  nutrition. 


XIV.  Extra V AS ATioJf  op  Serum  and  Blood  beneath  the 

CONJUXCTIVA, 

27.  (Etlcina  and  also  extrava-^ation  of  blood,  if  of  any  pfreat  extent, 
are  oKserved  only  in  the  conjiincti\'a  of  the  eyeball  and  in  the  fold  of 
transition,  as  these,  on  account  of  the  laxity  with  which  they  are  fixed 
to  the  subjarent  parts,  nan  be  readily  lifted  up  over  r|uite  large  areas 
by  fluid.  The  same  thing  does  not  occur  in  the  conjunctiva  tarsi,  be- 
cstue  it  is  too  intimately  adherent  to  the  underlying  cartilage. 
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In  the  conjunctiva  of  the  eyeball  we  meet  with  both  inflammatory 
o&dema  (a?dema  calidum)  occurring  in  inflammations  of  the  eyeball  or 
the  organs  near  it,  and  M'ith  non-in flamm iitory  o:*dema  {o'dcma  frigi- 
dum)  resulting  from  simple  transudation  of  fluid.  Since  oedema,  as  a 
rale,  is  of  importance  merely  as  a  symptom  of  some  other  aflcction, 
treatment  will  have  to  be  directed  to  the  latter.  Should  it  be  desirable 
to  take  any  special  measures  against  the  a-dema  itself,  the  most  suita- 
ble means  for  this  purpose  would  be  a  pressure  bandage,  or,  in  the  caae 
of  a  tense  ledcraa,  scariflcatiou  of  the  conjunctiva. 

The  exudation  of  blood  beneath  the  conjunctiva  of  the  eyeb.<ill  is 
known  as  ecc/q/moma  snbconjunrfivaJe.  We  then  see  a  spot  of  varying 
extent  and  of  a  vivid-red  or  dark-red  color ;  Bometimes  the  whole  con- 
junctiva sclene  is  Butlused  with  blood.  Ecchymosis  is  easily  distin- 
guished from  an  inflammatory  redness  of  the  conjunctiva  by  its  uni- 
formly red  coloration,  in  which  no  network  of  vessels  can  be  recognized, 
and  also  by  its  eliarp  limitation  from  the  unsuffused  portions  of  the 
conjunctiva,  which  are  ordinarily  quite  normal  aiul  uncolored. 

Ecchymoses  of  the  conjunctiva  develop  after  injuries  and  operations 
upon  the  conjunctiva  (particularly  after  squint  operations),  and,  fur- 
thermore, in  violent  inflammations,  especially  in  catarrhal  ophthalmia. 
Spontaneous  suffusions  in  an  otherwise  healthy  conjunctiva  are  fre- 
quent in  old  people,  whoso  blood-vessels  luive  brittle  walls,  the  rupt- 
ure of  the  vessels  being  often  occasioned  by  great  btxlily  exertion,  or 
by  coughing,  sneezing,  vomiting,  groat  straining,  etc.  In  children, 
also,  spontaneous  ecchymoses  of  the  conjunctiva  are  observed — chiefly 
after  whooping-cough.  A  special  sytnptomatic  significance  belongs  to 
those  ecchymoses  which  develop,  to  all  appajirance  spontaneously,  after 
an  injury  to  the  skull.  Here  we  have  tn  do  with  cases  in  which  a 
fracture  of  the  base  of  the  skull  has  occurred,  and  tlu^  blood,  as  it 
escape."?,  gradually  oozes  forward  through  the  orbit  until  it  lodges 
beneath  the  conjunctiva  (see  §  133). 

Subconjunctival  ecchymoses  become  absorbed  in  from  a  few  days  to 
a  few  weeks  without  ])rüducing  any  further  serious  conseqnences,  and 
in  themselves  require  no  treatment  whatever.  Wo  generally  prescribe 
compresses  of  lead-water,  more  for  the  purpose  of  appeasing  the  patient 
than  of  obtaining  a  more  speedy  resorption. 

Inflammatory  oedema  is  associated  with  the  most  variouÄ  inflammntorv  affec- 
tions, such  a.s  iuflaramations  of  the  lids  (erysipeiaa,  liordt'ulum),  of  the  mur^n 
of  the  orbit  (iH'riostitis),  of  the  liichrjmal  sac  (dacryocystitis),  of  the  conjunc- 
tiva (|iarticul:irly  ucute  bleiinorrhuia),  of  tlie  eyobtill  itself  (purulent  keratitis, 
irido-cychtis,  purulent  chorioiditis,  and  piinophthalmilis),  «nd,  furthermore,  of 
structure»  posterior  to  the  eyebiill  (tenonitis,  plilefjmon  of  the  orbit).  Intlam- 
mntory  uMlem«,  as  also  exudntioni*  of  scnim  or  of  blood,  is  especially  apt  to 
Occur  in  old  peojile,  whose  conjunftiv«  is  eminently  extensible  and  so  loosely 
attached  that  we  obeerre  cedema  in  this  situation  soiuetiotes  with  trifling  con- 
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i^  caUurhs.  W«  commonly  find  the  oedema  most  pronounced  in  the 
of  the  palpebral  fissure,  becnuse  here  the  counter- pressure  exerted  by  llie 
licU  is  wanting;  and  not  iufrequeotly  an  a^demutous  fold  of  conjunctiva  Ls  found 
in  the  palpebral  fissure,  pinched  off,  so  to  sjjcak,  from  the  rest  by  the  lids. 

yoH-inßutmmtittrry  irdemn  is  caused  by  liydrmmi:«  or  by  st-iksis.  In  the  former 
caae  it  occurs  a«  a  symptom  of  albuminuria,  and  soinedtncä  tlien  recur»  a  Dum- 
ber of  ümes,  but  each  time  rapidly  disappear»  aj^uiu  (tedeuia  fugaxK  A  pocul< 
isLf  sort  of  oedema  ia  the ßUnitivH-irdfitui  of  the  conjunctiva  of  the  eyeball.  It 
is  obaerred  after  operations  or  injuries  which  have  produced  a  perforation  in 
the  most  anterior  sectiona  of  the  sclera,  und  arises  from  the  fucH  that  tlie 
ai|ue<)us  from  the  anterior  chamlicr  oozes  Ix^tween  the  incompletely  clused 
ed;0^  of  the  wound  and  lodges  under  the  conjunctiva.  Accordingly,  when 
ciciitrizAtion  occur»,  the  a»dema  commonly  disappears.  But  if  a  minute  open- 
ing nmaius  in  the  sclera,  the  a'dema  too  iK-Tsista — a  condition  which  ia  desig- 
iialfld  aa  ryntoid  cicatri7jition  (see  Fig.  41).  (Edema  from  ßltnition  Ls  found 
cither  in  the  re^on  of  the  fistulous  opening  or  in  tlie  lower  psxt  of  the  bulbar 
conjunctiva,  the  fluid  sinking  in  obedience  to  gravity. 

Not  infrequently  wc  see  in  the  scleral  conjunctiva  smafll  bright  vceicles, 
arranged  in  a  row  like  a  string  of  ftearl»,  or  even  joined  «o  ns  to  form  longer 
•SiMSgc-like  swellings.  Here  we  have  to  do  with  dilated  lymph-vessels  that  are 
filled  with  a  clear  liquid — that  is,  with  lymphatif  ettutUt.  rUe»ie  occur  b<ith  in 
iaflammiition  of  the  conjunctiva  and  alao  when  the  conjunctiva  ia  {lerfectlj 
bMltfaj. 

Eedtywutae»  of  the  conjunctira,  free  from  danger  as  thfy  arc,  terrify  the 
paiaeot  by  their  striking  appearance,  especially  if,  a-i  is  frequently  the  case, 
tbey  spread  still  farther  in  the  next  few  days  after  their  &rat  development.  In 
thri«e  ciucs  the  pinguccula  stands  out  with  peculiar  distinctiie.'«»,  aa  a  bright, 
white,  or  yellowish  spot  upon  the  red  substratum.  On  the  side  of  the  trana- 
fMirent  cornea  the  ccchymosis  is  limited  by  a  narrow  gray  border.  This  is  the 
inner  margin  of  the  limbua,  which  is  too  closely  adherent  to  the  conica  to  be 
lifted  up  by  the  blood.  In  eyes  with  blue  iri.%  the  latter  often  has  its  color 
apparently  changed  to  groen  in  the  «pot  corres]>en<ling  to  the  eccliymosisw  This 
i»  cmtised  by  the  extension  of  the  bl(x>d  in  a  very  titin  layer  (in  which  it  appears 
jTcen)  between  the  lamelhe  of  the  cornea,  so  as  to  make  the  iris  wliich  lies 
behimi  it  seem  green. 

The  entrance  of  air  beneath  »he  conjunctiva  of  the  eyeball  (emphysema)  is 
sometimes  observed  simultaneously  with  the  e3caj)e  of  air  beneath  the  skin  of 
the  lids  or  into  the  orbital  tissue  (sec  \  IIS). 


XV.  TriioRS  OF  THE  Conjunctiva. 

28.  Both  malignant  and  benign  tamors  occur  in  the  conjunctiva. 
The  most  important  form  of  benign  tumors  is  the 

Dermoid  Tumor. — This  is  a  flat  growth  of  soIIjI  consisteucc,  whicli, 
»o  to  Rp«ak,  str.iddles  thi;  margin  of  the  cornea,  being  situated  partly 
in  the  conjunctiva  and  partly  in  the  cornea,  with  which  latter  it  ia 
immovably  connected.  It  most  frequently  occurs  on  the  external  (tem- 
pera) side  of  the  cornea  (Fig.  25).  Its  color  is  white  or  reddiäh,  its 
aarface  epidermoid  and  often  dry.     It  is  sometimes  covered  with  fine 
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ilonm,  or  even  iritli  longer  hair.  Ilistological  examination  shows  that 
the  growth  ])Od>tes3ea  the  composition  of  the  external  skin ;  it  consists  of 
H  stroma  of  counectivo  tiissuo,  covered  with  epiiierrnis,  and  contains 

hair  follicles,  .sebaceous  glands,  and  sweat 
glands.  It  is,  so  to  speak,  an  island 
of  skin  ii|)on  the  surface  of  the  eye 
ball. 

Dermoid  tumors  are  alwaj'S  congeni- 
t-id,  and  are  frequently  found  along  with 
other  congenital  anomalies,  like  con- 
genital hare-li])  or  wart-iikc  appendages 
of  skin  in  front  of  the  ears.  Some- 
times they  grow  still  larger  after  birth. 
According  to  Remak,  their  develop- 
ment, as  in  the  case  of  the  allied  der- 
moid cysts  (see  §  135),  depends  upon 
a  foetal  invagination  of  the  external 
germ-layer.  On  the  other  hand,  Von 
Diiyse  conjectures  that  they  owe  their 
origin  to  a  circumscribed  adhesion  be- 
tween the  amnion  and  the  surface  of 
the  eyeball.  The  adhesion  subsequent- 
ly is  drawn  out  into  the  form  of  a  cord, 
and  at  length  breaks  quite  in  two,  ita 
jioint  of  attachment  to  the  eye  remoiu- 
ing  behind  as  a  dermoid  tumor. 

The  chief  harm  that  dermoids  do  is 
to  produce  a  considerable  disfigurement. 
If  they  are  large,  and  especially  if  they 
are  covered  with  hair,  they  cause  me- 
chanically an  irritation  of  the  eye,  and  also  interfere  M'ith  vision,  in 
so  far  as  they  encroach  upon  the  pupillary  area  of  the  cornea.  They 
are  removed  by  a  simple  process  of  ablation,  which  consists  in  separat- 
ing the  tumor  iis  exactly  as  possible  from  the  subjacent  cornea  and 
sclera.  The  resulting  wound  in  the  cornea  should,  as  far  as  possible,  be 
covered  by  drawing  the  adjacent  conjunctiva  over  it.  That  portion 
of  the  coruea  upon  which  the  tumor  was  formerly  situated  remaina 
clouded  porniauontly.  if  remnants  of  the  tumor  have  been  left,  the 
hitter  can  in  part  form  again. 

Of  walifjimnt  tumors,  epithelioma  and  sjircoma  of  the  conjunctiva 
occur.  These  originate  ordinarily  in  the  limbus  conjunctivie,  and 
thence  extend  both  into  the  conjunctiva  and  into  the  cornea. 

Epithelioma  of  the  conjunctiva  forms  a  nnn-pigmented,  flat,  sessile 
tumor  with  a  broad  base.  It  remains  for  a  long  time  confined  to  the 
superficial  layers  of  the  conjunctiva  and  cornea,  its  extension  in  the 
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often  resembling  a  pannus.     The  tumor  shows  a  great  tendency 
«iiH'rficiuI  ulcemtion. 

The  sarromn/ri  that  »tart  from  the  limbas  are  generally  pigmented 

(melano-aarcomata).     In  opposition  to  an  epithelioma,  they  grow  more 

in  height  than  in  breadth,  and  are  attached  to  tho  substratum  by  only 

»«lender  base.    They  hence  form  dark-colorcd,  very  promiiu'ut  raush- 

m-like  growths,  which  often  overlie  a  great  part  of  the  cornea,  ul- 

igh,  if  we  lift  them  up,  we  find  the  cornea  beneath  for  the  most 

normal. 

Both  epitheliomata  and  sarcomata  develop  in  advanced  life,  and,  if 

they  are  not  removed,  8prea<l  steadily  ;  sarcomata,  especially,  grow,  until 

at  length  they  form  gigantic  tumors.     At  last  tho  patient  succnmbs 

m  exhaustion,  or  from  niotastases  which  form  in  the  internal  organs. 

o  tumors  must  therefore  be  removed  as  early  and  as  radically  m 

blc     Aa  long  as  they  are  still  quite  small  and  «iijjcrficial,  ra<lical 

Tai  CAn  be  performed  with  preservation  of  the  eyeljall.     The  tumor 

removed  as  completely  as  possible,  partly  with  the  knife,  j)artly  with 

the  sharp  spoon,  and  the  spot  which  it  has  occupied  is  thoroughly 

bnnit  with  canstica,  or,  still  better,  with  the  actual  cautery.    If  com- 

Ictc  renioviil  of  tho  growth  is  no  longer  possible  in  this  way,  the  eye, 

>,  most  be  removed,  oven  though  it  still  possesses  visual  power. 

Of  heniffn  growths,  the  following,  although  of  rare  occurrence,  arc  also  ob- 

Lipomn  Mvhronjunrtiralf  forms  a  tumor,  ntunted  upon  the  upper  and  outer 
Irruniffri'Jiee  i»f  the  eyeljull,  iR^twefn  the  rectus  externum  and  rectus  su|K'riiir 
lusclc,  ond  np|)eariug  of  a  j-ellowish  color  as  seen  through  the  conjunctiva.  It 
I  of  trinnuT^ilar  form,  the  sharply  defined  base  of  the  triangle  looking  toward  tho 
cornea,  while  the  two  sides  of  the  trinngle,  which  arc  directed  to  the  outer  side, 
paae  ^mdually  into  the  orbital  fat.  If  the  tumor  is  Hniatl  it  ordinarily  remnins 
omicealed  beneath  the  outer  canthus,  and  can  be  brought  into  view  only  by 
tamintt  the  eye  strongly  inward  (Fig.  25).  Larger  lipomnta  arc  visible  in  the 
palpebml  fiKsiire  even  when  the  gaze  is  directed  straight  forward,  und  hence 
cau«e  disficurement ;  but  they  do  no  other  harm.  Microscopical  examination 
»hows  lh.it  the  tumor  consists  of  fatdobules.  The  conjunctiva  tiiat  coat»  it  is 
thickened  and  of  a  character  resembling  that  of  the  skin,  and  in  tids  regard  a 
Iip(.>ma  is  akin  to  the  dermoidg.  Like  the  latter,  it  is  congenital,  but  sometimes 
grows  to  a  considerable  size  at  the  time  of  puberty.  If  it  is  desired  to  remove 
th*  tumor  on  account  of  the  disfigurement  it  produces,  we  take  away  from  it, 
»ftrr  diriding  the  conjunctiva  that  covers  it,  a»  much  of  the  musn  of  fat  as  is 
vi<ible  in  the  palpebral  fissure ;  a  radical  removal  of  all  the  adipose  tissue  is 
unoecoswiry. 

CyttM  in  the  conjunctiva  are  commonly  represented  by  small  vesicles  filled 
with  a  limpid  liquid.  Most  of  these  vesicles,  and  particularly  thocc  situated 
U|>on  the  conjunctiva  of  the  eyeball,  originate  from  dilated  lymph-vessels  («eo 
page  WS).  In  the  fold  of  transition,  cysts  occtir  which  take  their  starting-point 
fh>m  Kmuse's  glan^l^  of  the  conjunctiva;  in  addition,  there  arc  also  cysts  which 
develop  in  the  conJunctiiiTi  from  traumatism.     Larger  cysts  situated  beneath 
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the  conjunctiva  are  formcil  by  theryslicercuacelluIopjB.  The  latttT  is  ol 
for  the  most  port  in  children  or  iu  the  young.  lu  such  a  case  the  conjunctiva  at 
one  particular  »pot  is  found  permeated  with  tcbscIb,  and  formfl  a  nodular  pro- 
tul»eran(!e.  Cndomcath  may  be  felt  the  cyst  -which,  as  a  rule,  can  be  readily 
pushed  about  ufion  the  siibjucent  (larta;  in  individual  cases,  however,  it  ia 
solidly  adherent  to  the  subjacent  s+clcra  or  to  one  of  the  ocular  muscles.  If  the 
cyst  has  very  thia  walla,  the  head  of  the  worm  can  be  recognized  as  a  whitish 
«pot  in  ita  interior.  It  J«  easy  to  remove  the  Cysticercus  by  splitting  up  the 
conjunctiva  and  diasecting  out  the  cyst,  which  conüiüts  of  the  cyalicercus-vesi- 
cle  inclosed  in  a  capaule  uf  connective  tissue  that  haa  been  formird  about  the 
animal. 

Under  the  name  of  potjffd  of  thi:  conjunctiva  we  understand  aoft,  rarely 
rather  hard,  outgrowth»  attaclied  to  the  conjunctiva  by  a  i)edicle,  and  having  a 
■mouth  surface  covered  with  mucous  membrane.  The.<«e  originate  mo8t  fre- 
quently in  the  fold  of  transiition  or  the  conjunctiva  of  tlic  lidH.  As  a  rule,  they 
are  so  small  as  not  to  be  disclifsed  until  the  lids  are  everted;  sometimes,  how- 
ever, they  arc  large  enough  to  project  out  betwet-u  the  lidn.  Larger  ]xj]ypi  are 
frequently  ulcerated  u(>on  their  surface,  an  a  result  of  the  mcclianical  injuries 
from  which  they  neces-sttirtlv  suffer.  In  their  nature  ]>olyi)i  are  small  Öbrom&ta, 
which  thrust  the  cttnjutietiva  like  a  sac  before  thtrn.  This  treatment  consists  in 
ablation  aud  a  Buhst-quent  cauterization  of  their  base  with  the  bilver-nitrate 
stick. 

Pttpiilomntti  of  the  conjunctiva  are  frequently  confounded  with  polypi,  but 
ore  distinguished  from  them  by  their  surface  beiuff  not  smooth,  but  pupillary — 
that  is,  tiodubted,  like  u  raspberry  or  cauliflower.  They  are  eitlier  provided  with 
a  ]>eiliclc  or  arc  ftes.*ilc,  having  a  broad  base  and  extending  in  a  flat  layer  over 
quite  u  large  section  of  the  conjunctivjt.  They  »tart  most  frequently  from  the 
region  of  the  carunc^le,  but  can  also  take  their  origin  from  other  jwrtions  of  tho 
coujuQCtiva,  and  sometimes  several  lutpillomata  at  once  are  pressent  in  different 
portions  of  the  conjunctiva.  They  naust  be  removed  very  thoroughly,  tünce  they 
are  extremely  [>rone  to  recur, 

A  third  furiti  of  tumor,  having  an  external  rescmbjnnc«  to  polypi  of  the 
conjunctiva,  are  the  gramtbiUon  tuinon.  These,  like  jxtlyp»,  form  small,  mush- 
room-like, pedicled  tumors.  Unlike  polypi,  however,  they  are  not  covere«!  by 
conjunctiva,  but  con.sist  of  naked  granulation  tissue.  They  develop  in  places 
where  a  lost*  of  sulwtancc  exists  in  the  conjunctiva,  wlictlier.is  a  rcHult  of  ulcvre 
(or  even  large  etflorescencc!*  in  cases  of  conjunctivitis  lymphatica)  or  a.s  a  result 
of  injviries  or  of  ojienitiona  (most  frequently  after  tenotomies,  at  the  site  of  the 
conjunctival  wuuiid,  and,  after  enucleation,  at  the  iMjttom  of  the  conjunctival 
aac).  In  the  case  of  chalazia,  als«,  which  huve  broken  through  the  conjunctiva 
of  the  lids,  we  quite  often  see  a  granulation  mas-s  growing  out  of  the  opening. 
After  exiäting  for  some  time,  granulation  tumors  become  more  and  more  coa- 
gtricted  at  their  ba.sc!  by  the  cicatricial  contraction  of  the  surrounding  conjunc- 
tiva, so  that  they  ultimately  fall  off  of  themselveH  if  they  have  not  been  pre^'i- 
ouuly  removed. 

The  three  varieties  of  tumorü  above  mentioned  ore  often  very  rich  in  dilated 
vesaels;  in  fact,  some  caacs  of  very  vubculiir  polypi  have  been  described  as  pe- 
diculated  angioiiiata  of  the  conjunctiva.  It  is  hence  easy  to  conceive  how  these 
tumors  can  readily  give  rise  to  re]X'ated  hieniorrhage«,  especially  if  they  are 
ulcerated  in  spots  and  arc  meclianicaUy  injured,  as,  for  example,  by  the  rubbing 
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>f  the  lids  upon  tbem.     Many  legends  of  t^ars  of  blood  that  people  have  wept 
XD»j  be  referrvd  to  this  caus«. 

Aiujioniata  of  the  conjunctiva  arc.  as  a  rule,  those  which  were  originally 

,  «tuated  in  the  lids  and  have  gradually  parsed  over  upon  the  conjunctiva.     Pri- 

laufy  angionjata  are  of  rare  occurrence  in  the  conjunctiva — generally  being 
found  in  the  region  of  the  inner  angle  of  the  eye.  They  are  as  a  rule  congenital, 
and  increase  in  ^ize  after  birth.  With  regard  to  their  treatment,  see  angiomata 
of  the  lida  (§  135). 

As  regards  the  malignant  tvmoray  the  cpitheliomata  and  sarcomata,  we  must 
distinguish  between  those  which  originate  in  the  surrounding  structures,  espe- 
cially the  lids,  and  secondarily  t>ass  over  upon  the  conjunctiva,  and  those  which 

tare  from  the  beginning  situated  upon  the  conjunctiva  and  are  hence  to  be 
l4K>ked  upon  as  primary  conjunctival  tumors.  These  latter  originate  mostly 
from  the  limbus.  The  predilection  shown  by  epitheliomata  for  tlie  boundary- 
line  l>etween  the  conjunctiva  and  cornea  is  to  be  considered  as  an  analogue  of 
the  fact  that,  in  other  parts  of  tlie  body  also,  epithelionuita  occupy  by  prefer- 
thosc  spots  whore  one  kind  of  epithelium  pas.«e»  into  another,  as,  for 
are,  the  boundary-line  between  skin  and  mucous  mcmbraDc  (anus,  lips, 
ins  of  the  lids,  etc.).  An  additional  fuctor  gjviug  rise  to  the  development 
of  epitheliomata  at  the  limbus  is  probably  furnished  liy  the  peculiar  disposition 
of  the  epithelium  at  this  hjhjI,  for  we  find  here  sometimes,  even  in  the  healthy 
rye,  a  proliferation  of  epithelium,  in  which  the  latter  grows  la  the  form  of  coni- 
cal processes  into  the  depth  of  the  tissue. 

Sarcomata  of  the  conjunctiva  are.  as  a  nde,  ])igmented.     Milunotic  sarco- 

'■uitk,  u  is  known,  develop  in  those  localities  in  which  pigment  is  already  nor- 
mally present.  They  hence  occur  upon  the  conjimctiva  of  the  lids,  and  most  of 
all  upon  the  limbus,  two  divisions  of  the  conjunctiva,  which  even  under  physio- 
logical conditions  contain  pigment.  At  the  limbus,  particularly,  the  quantity 
of  pigment  contained  is  sometimes  so  considenibie  in  persons  of  the  brunette 
tyjic  that  even  with  the  naked  eye  we  notice  in  it  either  separate  dark-brown 
or  a  more  uniform  brown  coloration.  Sjiot.s  of  pigment  occur  sometimes 
in  other  portions  of  the  conjunctiva,  both  of  the  eyeball  and  of  the  lids, 
and  from  these  s|)ots  melanotic  sarcomata  may  subsequently  develop. 

It  is  impossible  to  make  a  radical  removal  of  cpibulbar  epitheliomata  and 
sarcomata  and  at  the  same  time  preserve  the  eye,  in  cases  in  which  these  tumors 
have  so  great  an  extent  su|>erficially  that  the  conjunctiva  has  to  be  extensively 
sacrificed ;  for  in  that  case  there  would  occur  a»  a  result  of  the  optTation  so 
extensive  a  formation  of  cicatricial  tissue,  with  conseipient  distortitm  and  fixa- 
tion of  the  eyeball,  that  the  latter  would  become  unserviceable  for  purposes  of 

FTirion.  and  it  would  have  Ijeen  l)etter  to  hai-e  extirpated  it  at  the  beginning. 
So,  also,  the  eyeball  must  be  sacrificed  in  those  caws  in  which  the  tumor  grows 
down  into  the  depth  of  the  tissues  at  any  one  point — a  thing  which  is  especially 
apt  to  happen  along  the  anterior  ciliary  vessels.  Such  an  occurrence  is  often 
not  discovered  until  after  the  removal  of  the  superficial  growth,  or  may  even  not 
be  discovered  at  all.  In  the  latter  case  a  recurrence  in  the  same  locality  occurs 
soon  after  the  apparently  radical  removal.     The  following  history  serves  to 

I  show  the  malignancy  of  these  tumors  which  in  the  beginning  are  of  such  in- 
aigniBcant  minuteness: 

Id  the  year  1870,  a  woman,  fifty-seven  years  of  age  appeared  in  the  eye- 
diiiio,  at  tliat  time  directed  by  Arlt,  having  a  melano-sarcoma  on  the  right  eye- 
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ball.  This  had  developed  from  a  tiiiniite  red  sp<it  which  had  nlrcady  existed  ftj 
H  scries  of  yt-urs,  iiiul  which  had  begun  growing  larger  the  year  iK-fore.  It  hai 
the  dimeusions  uf  ii  large  pea,  was  of  reddisli-brown  color,  and  was  situated  i 
the  conjunctiva  on  the  outer  side  of  the  cornea.  The  base  of  the  tumor  prfl 
jected  from  the  limbus  somewhat  into  the  corneii,  but  nevertheless  did  not  ex 
tend  into  the  pui»i!lan'  area,  so  that  the  visual  [Kmer  was  j«?rfectly  normal, 
extiriwtfd  thu  tuiivi»r  by  cutting  through  the  conjunctiva  at  a  certain  distano 
fr<:im  the  edge  of  the  tumor,  and  then  removed  the  lytter  us  carefully  as  poüd 
ble  from  its  base.  The  wound-surface  thus  formed,  which  lay  for  the  mot 
part  in  the  conjunctivii  and  to  a  »smaller  extent  in  the  cornea,  wils  scraped,  &oi 
then  the  edge«  of  the  wound  in  the  cnujuuctiva  were  united  by  means  of  i 
suture.  Healing  followed  by  first  intention,  and  for  a  time  the  patient  n 
mained  well.  It  was  not  till  May,  1886— that  ia,  seven  year«  later — that  tb 
patient  returned,  having  again  an  epibulbar  mclano-sarcoma  on  the  right  ey« 
which,  however,  ihi«  time  wa.s  .»situated  on  the  limbu.s  at  the  inner  «ide  of  til 
cornea,  and  fonned  a  brown  tumor  half  the  size  of  a  lentil.  The  thin  cicatru 
remaining  from  llie  first  tumor  was  stil!  present,  quite  unchanged,  at  the  oute 
margin  of  the  cornea;  the  limbua  at  the  u])fK!r  and  lower  margins  of  the  come( 
also  was  quite  normal.  For  this  rcivson  it  wa.H  impossible  to  regard  the  melano 
sarcoma,  now  »itunted  at  the  inner  corneal  margin,  as  a  recurrence  of  the  tuma 
removed  seven  years  before  from  the  external  corneal  margin.  In  fact,  it  C(iul< 
only  he  referred  to  a  disposition  toward  the  formation  of  tumors,  inherent  Lnth< 
liinbus,  so  th:it  after  tlie  removal  of  a  tumor  at  one  HjMit  a  similar  one  develope< 
in  another.  (The  same  thing  hold«  good  for  a  case  of  <'pitiu'lioma  that  I  ob 
served,  which  develojK'd  simultaneously  and  quite  inde|ieudently  in  both  eye« 
and  in  both  at  the  inner  margin  of  (he  cornea.)  The  small  tumurwa-s  removed 
and  the  place  where  it  had  lieeu  situated  waa  auperficially  cauterized  with  th( 
gnlvano-t'autery  loop.  Recurrences,  however,  followed  this  extirpation  in  rapi< 
succession.  Already  four  montlis  lat«r,  in  September,  188C,  the  woman  re 
turned  with  a  recurrent  growth  at  the  up[>er  corneal  margin,  and  upon  th< 
removal  of  this,  after  another  four  moiitha,  two  nodules  formed  in  the  conjimc 
tiva  to  the  inner  and  tower  side  of  the  corne."»!  margin  and  at  some  distano 
from  it.  In  order  the  more  certainly  to  remove  everj-thing  that  was  diseased,  ] 
roaolved  this  time  to  enucleate  the  eye,  although  it  was  still  semceable  fa 
purposes  of  vision,  In  »pttc  of  this,  a  solid  nwlule  made  itA  apfM'anince,  m 
early  us  six  months  later,  at  the  bottom  of  the  orbit.  The  woman  put  off  uo 
dertaking  the  removal  of  this,  and  did  nut  come  to  the  clinic  until  five  montl« 
later.  Meanwhile  the  glands  in  front  of  the  ear,  at  the  lower  jaw,  and  on  tb 
anterior  aspect  ol  the  neck,  had  become  enlarged  and  could  be  ««adily  felt 
Although  miw  a  radical  operation,  consisting  of  a  com|)U'te  exenteration  of  th( 
orbit  and  the  remov.Til  of  all  discovendile  glands,  was)  performed,  neverthelea 
only  a  few  months  afterwtxrd  enlarged  glands  were  again  observed.  Since  thei 
(in  Felmiary,  18Ö0)  the  woman  has  succuniljcd  to  an  extension  of  the  growl 
the  internal  orgims. 

Fibromata,  osteomata,  myxoniata,  and  lymphangiomata,  although  of 
rare  occurrence,  should  aSso  be  mentioned  as  tumors  of  tlie  conjunctivs. 


;  inei 


Thc/j/im  »tmiJim/trii  and  the  oirnncle  which  is  situated  upon  it  participate 

in  the  inflammations  of  the  conjunctiva,  so  that  it  is  unnecessary  to  treat  of  th< 
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diseases  of  these  parts  separately.  Sometimes  the  little  hairs  which  the  caruncle 
always  has  upon  it  are  so  long  as  to  irritate  the  eye ;  in  that  case  the  hairs  must 
be  epilated.  The  new  formations  of  the  caruncle  are  designated  by  the  old  name 
encanthis;  *  benign  new  formations,  such  as  simple  polypoid  or  papillary  out- 
growths of  the  canmcle,  are  called  encanthis  benigna;  malignant  new  forma- 
tions are  called  encanthis  maligna. 

*  From  if,  in,  and  koiMs,  angle  of  the  eye. 


CHAPTER  II. 


DISEASES  OF  THE  CORNEA. 


Anatomy. 

29.  The  cornea,  together  with  the  sclera,  rcpreseuts  the  outer  fibrous 
envelope  of  the  eyobull,  of  which  the  corm-a  forms  iho  transparent  por- 
tion. Seen  from  in  front,  the  oornoit  has  the  form  of  a  horizontal  ellipse, 
the  horizontal  diutnieter  of  its  btisej  which  is  twelve  millimetres,  surpaas- 
ing  the  vertical  diiinictor,  which  is  eleven  millimetres.  It  is  thinner  in 
the  center  tliau  at  the  edges,  where  its  thickness  amounts  to  about  one 
millimetre.  Hence  it  follows  that  the  curvature  of  the  posterior  surface 
is  aomcw^iat  greater  than  that  of  the  anterior.  The  latter  has  a  radius 
of  curvature  of  7'5  millimetres.  8iiiee  the  radius  of  curvature  of  the 
whole  eye  is  greater — that  is,  amounts  to  twelve  millimetres — the  curva* 
ture  of  the  cornea  is  greater  than  that  of  the  rest  of  the  eyeball ;  the  cor- 
nea therefore  is  placed  like  a  wntch-crystul  upon  the  sclera.  The  same 
compariiion  also  obtains  for  the  method  in  which  the  cornea  is  inserted 
into  the  sclera ;  for,  in  its  posterior  layers,  the  cornea  extends  farther 
toward  the  periphery  tlian  in  the  anterior,  where  the  sclera,  as  it  were, 
laps  over  the  edge  of  the  cornea  (Fig.  17),  The  microscope,  however, 
does  not  show  any  sharp  boundary-lino  between  cornea  and  sclera;  on 
the  contrary,  the  fibers  of  one  pass  continuously  into  those  of  the  other. 

The  heuUhy  cornea  is  transparent.  Almost  all  morbid  changes  of 
the  corneal  tissue  make  themselves  known  at  once  by  a  diminution  of 
this  transparency.  In  advanced  ago,  however,  a  cloudiness  makes  its 
appearance  even  in  tlie  healthy  cornea  (arcus  senilis  cornea^  or  geron- 
toxon  *).  This  consists  of  a  narrow  gray  line  which  runs  near  the  cor- 
neal margin,  and  is  concentric  with  it.  It  shows  itself  under  the  form 
of  a  gray  arc,  lir.st  at  the  upper,  soon  after  at  the  lowei-,  margin  of  the 
cornea;  finally  the  two  arcs  unite  at  the  outer  and  inner  side  of  the 
cornea  to  form  a  closed  riug.  The  outer  boundary  of  the  arcus  senilis 
is  sharply  defined,  and  is  separated  from  the  limbos  by  a  strip  of  per- 
fectly clear  cornea;  on  its  inner  aspect,  or  the  one  turned  toward  the 
center  of  the  cornea,  on  the  other  hand,  the  cloudiness  gradually  shades 
away  until  it  is  lost  in  the  transparent  eoriiea.  The  cause  of  the  opac- 
ity is  a  depusition  uf  small  concrements  of  a  colloid  substance  in  the 
upper  layers  of  the  coraea. 
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The  cornea  consists  of  the  following  layers : 

1.  The  anterior  epithelium  (Fig.  26,  E).  This  is  a  payement  epi- 
ibelium  consistiug  of  several  layers;  the  lowermost  cells  (foot-cells, 
Fig.   23,  «)   are   cylindricul, 


MH^tÄr;: 


f^_:^=:^V^:-^ 


then  follow  rounded  cells 
(Fig.  23,  ?«),  and  finully  üat 
cells  (Fig.  23,  o), 

2.  liowiiuins  membrane 
(Fig.  2fi,  B).  This  is  a  thin, 
homogeneous  membrane  inti- 
mately connected  with  the 
lamellsB  of  the  cornea  lying 
bcne-ath  it.  It  may  be  said 
to  represent  the  uppermost 
layer  of  the  stroma  of  the 
cornea,  which  has  become 
homogeneous  and  destitute 
of  cells.  From  the  epitheli- 
um it  is  separated  by  a  sharp- 
ly defined  border;  and, under 
pathologicuil  conditions  as 
well  as  after  death,  the  epi- 
thelium separates  very  readily 
from  Bowman's  membrane. 

3.  The  stroma  (Fig.  2fi, 
S).  This  is  composed  of  u 
ground-substance  and  of  cells. 
The  ground-substance  in  its 
aUinmte  constitution  consists 
of  fine  ßbrillie  of  conne<^!tivo 
tissue,  united  by  a  cement- 
suhstnnce  into  flat  bundles. 
The  bundles  are  so  ap{)licd 
to  one  another  thnt  lamellii?  (Fig.  20,  /)  are  produced  ;  by  the  arrange- 
ment of  those  lamella?  in  layers  one  above  another,  the  cornea  is  built 
up.  The  latter  lias,  therefore,  a  lamellar  structure.  The  individual 
bmell»,  however,  are  not  sharply  separated  from  each  other,  but  are 
connected  together  by  the  interchange  of  bundles  at  frciiuent  intervals. 
Hence,  when  we  attempt  to  strip  off  the  individual  lamella}  of  the 
cornea,  we  find  that  this  can  not  be  done  smoothly,  bnt  only  with  the 
simultaneous  laceration  of  the  numerous  connecting  fibers. 

In  many  places  between  the  individual  bundles  of  the  cornea,  and 
also  between  the  lamellEe  formed  from  the  bundles,  oi>en  spaces  of 
gTMiter  or  smaller  size  exist,  which  are  filled  with  lymph  and  are 
hence  called  li/mph:*pares  (seen  in  surface-view  in  I,  Fig.  27,  and  in 
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Fio.  96. — CRosB-BrcTioN  TBRoron  a  Kormal  CoaHKA. 
Maomfisü  iuü  X  ]. 

E,  »Bt^rlor  epitbfUum  :  B,  Bowirmn'»  mpinbrime  ;  8. 
Btronia.  cijiniH>fu*<l  of  tlu*  «Mrii<*nl  laniplla<.  I.  and 
tliH  corneal  i.'ciriHis».'lcs,  A' :  /*,  lM'ncfiii«a's  mem- 
hrnrii' ;  «.  postrrlnrcpitheliiiin  :  ri,  iier»'^  cxtetid- 
liiir  tbroug^h  tLu*  epilliuliiiiu  luiil  Uuwtu&u'ii  liiein- 
brnm'- 
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cross-eection  in  K,  Fig.  26),  These  are  connected  with  one  another 
by  numoroua  minute  canals  (lympli-eaniils,  Fig.  'il,  C),  and  in  this 
way  constitute  a  contiimous  .«system  of  hollow  passages,  or  system  of 
lymph-passages,  permeating  the  cornea  in  every  direction.  This  sys- 
tem is  designed  for  the  circulation  of  the  lymph,  and  \b  of  the  greatest 
importance  for  the  cornea,  for,  as  the  cornea  does  not  possess  any  blood- 
vessels, it  is  forced  to  depend  for  its  nourishment  solely  upon  its  sys- 
tem of  lymjili-prtÄsagea. 

The  colls  of  the  stroma  of  the  cornea,  the  corneal  corpn»clM,  are 
contained  in  the  spaces  of  the  lymph-system,  and  are  of  two  kinds — 
non-motile  and  motile  cells.  The  former  are  the  fijced  corpuscles  of 
the  cornea.  They  are  cells  with  a  large  nucleus  and  a  very  flat,  proto- 
pliLsmic  cell-body,  and  they  lie  in  the  lymph-spaces,  to  whose  anterior 
or  poaterior  wail  they  attach  themselves  {P,  Fig.  "17).  Proto}dasniic 
I  processojä  extend  from  their  cell- 

body  into  the  lymph-canals  which 
start  from  the  lymph  -  spaces. 
These  processes  anastomose  with 
the  processes  of  neighboring  fixed 
corneal  corpuscles,  so  that  in  this 
way  there  is  formed  a  system  of 

connected    protoplasmic    bodies 

'5t^^^  (ceils  and  their  proces.scs).     "We 

have  thus  in  the  cornea  two  con- 
nected systems — a  positive  one 
formed  of  protoplasm,  and  a  nega- 
tive one  consisting  of  hollow  pas- 
sages (lymph-spaces  and  lymph- 
cunals).  The  former  system  lies 
wholly  within  the  latter,  and,  to- 
gether with  it,  permeates  tlie  en- 
tire cornea.  The  protoplasmic 
system,  however,  nowhere  completely  fills  the  cavity  of  the  system  of 
passages;  the  space  which  is  left  unfilled  is  occupied  by  the  circulating 
lymph. 

The  second  variety  of  cells  belonging  to  the  stroma  are  the  motih 
corpuHcles  of  tlio  cornea  (wandering  cells),  wliich  were  discovered  by 
Recklinghausen.  These  are  nothing  more  than  lymph-corpuselea  which 
have  made  their  way  into  the  cornea,  and  which  move  about  in  its  sys- 
tem of  lymph -passages.  In  the  normal  cornea  they  are  present  in  very 
small  amount;  but  whenever  any  irritation  acts  upon  the  cornea  thev 
at  once  increase  considerably  in  number,  since  they  escape  from  llie 
network  of  blood-vessels  forming  the  marginal  loops  aiul  piuss  into  the 
cornea.  These  cells  play  an  important  part  in  inflammation  of  the 
cornea. 


Flo.  ST.— Lamhx«  or  trr  Corma  (SüRrAcx- 
VIEW).     (Arnut  Waiojkykr.) 

In  contnat  with  the  grwund-BuhHtatioe,  ^,  nrhfch 
iaahAded  In  the  cirawiut;.  are  the  liKht-enl- 
«red  lymph-Hpacea,  t,  cnunccte<J  with  t-iich 
other  by  the  lymph-canalH,  C.  Lylii«  tn  the 
lymph  »pac*«,  without  «'ntlrely  flMine  tht»m, 
»n»  the  pnitoiiloaiiik-  Ixküi'h  I'fMif  tli»*  ci-r- 
nca)  onrini»oIiis  firornU-il  with  the  ct-ll- 
DucteuB,  K. 
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4.  DeAremefs  membrane  {D,  Fig.  26)  is  a  linmogeneouB,  hyaloid 
membrane  wbieh  forms  the  posterior  boundary  of  the  cornea.  Unlike 
Bowman's  membrane,  it  is  quite  shHrjily  separated  from  tJie  etroma  of 
the  corneji,  from  which  also  it  is  chemically  diffyrunt.  It  is  very  re- 
gistant  to  chemical  reagents,  and  likewise  to  pathological  processes 
going  on  in  tlie  cornea.  When  the  entire  stroma  of  the  cornea  liaa 
already  broken  down  into  pns,  wo  often  see  tho  thin  Desoeniet'a  mem- 
brane stdl  f'>r  diivs  oili-ring  resistance  and  remaining  unimpaired  (see 

§  35)- 

5.  Tho  ptis/rriiir  vpitheUnm  (endothelium,  e,  Fig.  2G).  This,  under 
the  form  of  a  single  layer  of  flattened  cells,  coats  the  posterior  surface 
of  Pescemet's  membrane. 

The  cornea  at  its  margin  abuts  against  three  membranes,  tho  con- 
junctiva^ tho  sclera,  and  the  uvea  (iris  and  ciliary  body).  Embryology 
teaches  tis  that  the  cornea  consists  of  throe  superimposed  layers,  each 
of  whi«'h  corresponds  to  one  of  the  membranes  adjacent,  and  may  be  said 
to  represent  its  continuation  over  the  most  anterior  portion  of  the  eye- 
ball. The  cornea  hence  consists  of  three  divisions,  a  conjunctival,  a 
Bcleral,  and  a  uveal.  According  to  Schwall>e,  the  anterior  epithelium 
forms  the  conjunctival  portion  of  the  cornea  (the  so-called  conjunctiva 
conie*).  Descemet'«  membmne,  together  with  the  posterior  epithelium 
lining  it,  belongs  to  the  uvea,  while  the  entire  stroma  of  the  cornea, 
together  with  Bowman's  membrane,  represents  the  continuation  of  tho 
sclera.  In  the  fully  developed  eye  these  three  divisions  are  fused  into 
a  common  whole,  although  their  community  of  origin  with  the  adja- 
cent membranes  still  finds  expression  under  pathological  conditions; 
the  conjunctival  division  suffering  most  of  all  in  diseases  of  the  con- 
junctiva, the  uveal  division  in  diseases  of  the  uvea. 

The  cornea  contains  no  vessels.  These  cease  at  the  margin  of  the 
cornea,  forming  there  at  the  limbus  the  network  of  nuirginal  loops, 
■which  is  supplied  by  the  anterior  ciliary  vessels  (see  page  34,  and  q, 
Fig.  17).  From  the  marginal  loops  the  blood-plasma  passes  over  into 
the  system  of  lymph- passages,  by  whicii  the  nutrition  of  the  cornea  is 
effected. 

The  n&rves  of  the  cornea  arise  partly  from  the  ciliary  nerves,  partly 
from  tho  nerves  of  tho  bulbar  conjunctiva.  They  are  very  numerous, 
particularly  iti  the  uitpermost  layers  of  the  stroma,  from  which  the 
nerve-fibers  pass  forward  througli  Bowman's  membrane  into  tho  epi- 
thelium as  far  as  the  most  anterior  layers  of  the  latter  (Fig.  20,  n). 
Tho  c(jrnea  is  therefore  extremely  sensitive  to  tho  touch.  In  the  in- 
duction of  narcosis  tho  reflex  that  follows  from  touching  the  cornea 
(screwing  together  of  the  lids)  is  employed  in  order  to  tost  the  depth  of 
the  narcosis,  since  this  reflex  is  among  those  which  are  the  last  to  dis- 
appear. Lesions  of  the  cornea  are  particularly  painful  whenever  they 
affect  the  uppermost  layers  which  are  so  rich  in  nerves,  as,  for  instance, 
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in  the  case  of  exfoliation  of  the  epitlioliiim,  by  which  the  numeroas 
fibers  of  the  epithelial  plexus  of  uerves  are  laid  bare. 

While  the  cornea,  viewed  Trom  in  front,  appeara  elliptical,  it  is  circular,  if 
looked  at  from  behind.  Hence  the  elliptical  form  of  the  front  surface  of  the 
cornea  is  due  to  the  fuel  that  both  scleru  and  conjunctiva  overlap  it  farther 
above  and  below  than  at  either  side. 

There  is  not  yet  porfei^t  unanimity  of  opinion  ns  to  the  dirision  of  the  cornea 
into  three  layers.  Waldeyer  holds  a  different  view  from  that  represented  in 
the  text,  repardinj^  a.s  the  conjunctival  portion  the  anterior  epithelium.  Bow- 
man's membrane,  and  the  most  anterior  of  the  lamelJa.'  of  the  corneal  stroma;) 
the  uveal  portion  would  then  be  formed  by  the  posterior  epitlieiium,  Deswemet's 
memlmine,  and  the  most  posterior  of  the  lamelhe  of  the  corneal  stroma,  so 
that  only  the  middle  lamella)  of  the  cornea  would  be  left  to  form  the  scleral 
portion. 

The  older  authors  ascribed  an  important  part  in  the  nutrition  of  the  cornea 
to  the  aqueous  humor,  which  was  siippoaed  to  l>e  constantly  .soaking  through 
it,  and  thus  supply  it  with  nourishment  and  provide  for  the  niainteaance  of 
its  transparency.  From  ex{ieriments,  performed  especially  by  Lelx-r,  this  view 
must  beciiusiderHlily  modified.  An  exchange  of  fluid  between  the  porenchynm 
of  the  cornea  and  the  aipieous  humor  is  conceivable  as  occurring  in  two  ways: 
by  difliision,  which  Uikvn  place  only  by  means  of  diosmosis,  und  by  the  more 
rapid  process  of  filtration,  iu  which  the  fluid  passes  through  comjmratively  largol 
gaps  in  the  tissue.  The  first  sort  of  interchange — that,  namely,  by  di^Tusion- 
is  the  only  one  that  takes  place  in  the  hcaltliy  cornea;  and  the  aqueous  humor 
which  gets  into  tlic  cornea  in  this  way  may  contribute  lo  the  nutrition  of  its 
posterior  layers.  Diffusion  iiiny  also  occur  in  the  reverse  direction — that  is, 
from  before  backward.  If.  for  instance,  a  solution  of  atropine  is  dropped  upon 
the  cornea,  atropine  is  found  a  short  time  afterward  in  the  atjueous  humor. 
But  interchange  of  fluids  by  filtrntion  does  not  occur  in  the  normal  cornea. 
Leber  has  shown  that  it  is  the  posterior  e|nthclium  which  n[ifH).se8  the  (iitration 
of  fluids.  If  this  is  removed,  the  aqueous  humor  penetrates  in  considerable 
quantity  into  the  cornea,  whicli  in  consequence  becomes  cloudy  and  swollen. 


Clinical  Examijtation  of  the  Cornea. 

30.  An  examination  of  the  cornea  must  have  regard  to  the  follow- 
ing points : 

1.  The  size  and  form  of  the  cornea.  Both  may  be  altered  either 
in  ponaeqiietioe  of  congenital  defects  or  henuise  of  morbid  jirocesses. 
Overlapping^  of  the  cornea  by  the  limbus  lo  an  luiii.'^ua]  extent,  or  the 
presence  of  marginal  opacities  in  the  cornea,  not  infrequently  simulates 
a  diminution  in  size  or  an  irregularity  of  form. 

2.  The  surface  of  the  cornea  must  be  examined  with  regard  to  its 
curvature,  its  evenness,  and  its  polish.  In  respect  lo  (n)  the  curvature 
of  the  cornea  as  a  whole,  marked  anomalies  are  recognizable  at  the  first 
glance ;  slighter  changes,  however,  require  more  precise  examination  by 
means  of  the  reflex  images  (see  page  2).  The  cornea  acts  as  a  convex 
mirror,  the  greater  the  curvature  of  which  the  smaller  is  the  reflected 
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imageu  In  order  to  be  able  to  judge  whether  the  reflex  imago  given 
by  a  particular  cornea  is  of  abnormal  dimensions,  we  must  compare  it 
with  the  imago  reÖentod  from  another  cornea  which  is  healthy,  and 
most  conveniently  with  that  from  the  cornea  of  the  other  eye,  in  case 
it  ia  normal.  The  diagnosis  is  easy  when  the  curvature  varies  at  dif- 
ferent portions  of  the  Bjime  cornea  (as,  for  instance,  in  keratoconus,  in 
which  the  central  portions  have  a  greater  curvattire  than  those  at  the 
periphery).  In  such  a  case  we  cause  the  eye  to  move  about  in  such  a 
way  that  the  reflection  uf  a  window  opposite  falls  successively  upon 
different  portions  of  the  cornea,  and  then  we  see  the  reflex  image  be- 
coming larger  or  smaller  according  to  the  varying  curvature  of  the 
cornea.  The  evejnuas  (b)  of  the  corneal  surface,  together  with  the 
perfection  of  it^  polish,  gives  to  the  normal  cornea  its  brilliant  luster. 
Here  again  the  reflex  images  afford  the  best  mean«  of  testing  both  of 
these  properties.  These  images  lose  their  regttlurity  of  form  at  the 
place  where  the  cornea  is  uneven  ;  they  iippcar  di.storted,  owing  to  their 
outlines  being  irregularly  bowed  in  or  out.  The  form  and  extent  of 
the  inequality  may  be  deduced  from  Hie  kind  of  distortion  of  the  rellex 
image.  By  the  ophthalmoscope,  too,  we  can  recognize  iuequnlities  of 
the  corneal  surface,  on  account  of  the  irregular  astigmatism  which  they 
produce  (page  I'i).  The  uneven  spots  U])on  the  corneal  surface  are 
either  depressions  (losiies  of  substance)  or  elevations.  Furthermore, 
the  cornea  may  be  uneven  from  being  wrinkled  (rhytirlosis*  cornea?) 
or  from  being  entirely  collapsed  (collapsus  coruefe).  Both  of  these 
conditions  occur  in  cases  of  great  dimiuutiou  in  the  tension  of  the  eye- 
ball, hence  particularly  after  the  escape  of  the  arjueous  or  vitreous 
humors.  If  (r)  the  poUsh  of  the  cornea  is  entirely  lost,  the  latter  be- 
comes lusterless  (dull);  it  looks  like  glass  which  has  been  breathed 
upon,  or  looks  as  if  it  had  been  smeared  witli  grease.  The  reflex  images 
»how  their  normal  size  and  form  but  have  lost  their  sharp  outline, 
I^ck  of  luster  of  the  cornea  is  also  caused  by  the  presence  of  inequali- 
ties so  minute  as  to  be  nearly  or  quite  imperceptible  to  the  naked  eye, 
Ucnce  the  cornea  may  be  smooth  as  a  whole,  and  yet  at  the  same  time  dull, 
like  the  surface  of  ground  glass.  On  making  a  careful  insj>ecttou,  espe- 
cially with  a  magnifying  glass,  we  can  recognize  two  kinds  of  rough- 
ness upon  the  cornea,  acting  as  a  cause  for  its  lack  of  luster.  In  one 
case  we  find  merely  minute  depressions  in  the  surface  of  tlie  cornea,  so 
that  the  latter  looks  as  if  it  had  been  prirked  with  needles.  This  state 
of  things  arises  from  the  fact  tliat  in  many  places  isolate<l  epithelial 
cells  have  fallen  off,  thus  leaving  minute  depressions.  In  other  cases 
we  see  the  roughness  of  the  cornea  produced  in  the  opposite  way — that 
is,  by  its  surface  being  covered  with  numerous  small  particles,  in  which 
case  tho  cornea  looks  as  if  it  were  ma<lc  of  shagreen.     Here  we  liave  to 
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do  with  multiple  elevations,  produced  by  a  lifting  ap  of  the  epithelium, 
and  occurring  under  the  form  of  minute  vesicle». 

3.  The  trausptirfnry  of  the  cornea  ia  a  property  which  belongs  to 
its  parenchyma,  not  its  surface ;  which  latter,  in  fact,  is  only  a  mathe- 
matical concept,  an  expression  for  the  superficial  space  bounding  the 
cornea  and  lying  between  it  and  the  air. 

Dense  opacities  of  the  cornea  arc  visihlc  from  a  distance ;  but  for 
the  recognition  of  slight  opacities,  lateral  illumination,  and  often  also 
the  use  of  the  magnifying  glaas,  are  indispensable.  By  means  of  these 
aids  to  diagnosis  we  determine  the  form,  extent,  and  densenesa  of  the 
opacity.  We  make  out  whether  it  is  found  in  the  superficial  or  in  the 
deep  layers  of  the  cornea,  and  furtlier  whether  it  is  diffuse  or  is  com- 
posed of  separate  small  points,  spots,  or  stria?.  Many  an  opacity  which 
appears  diffuse  when  seen  with  the  naked  eye  proves,  when  looked  at 
with  the  magnifying  glass,  to  bo  compounded  of  smaller  opacities. 
Such  an  opacity  may  subsequently  become  really  homogeneous  by  the 
enlargement  and  confluence  of  its  components. 

4.  The  ^ensitiveHe.i{s  of  the  cornea  is  tested  by  touching  it  with  the 
end  of  a  thread  or  a  shred  of  paper.  In  many  diseases  the  sensitivonesa 
of  the  cornea  is  diminished,  or  is  abolished  altogether. 

I.    IXFL.A.MMAT10X    OF  THE    CORNE.\. 

General  Siafemeni. 

31.  In  the  course  of  an  inflammation  of  the  cornea  (keratitis*)  we 

observe  the  following  utmfes.    The  inflammation  begins  with  an  infil- 
trate (Fig.  28).     Cells  in  increased  number  make  their  appearance 

witiiit)  the  parenchyma 
of  the  cornea,  and  these 
constitute  the  exudate. 
As  a  consequence  of  this 
the  diseased  part  lo-ses 
its  transparency.  The 
level  of  the  cornea  re- 
mains normal  at  this 
spot,  only  the  epithelium 
suffers  to  the  extent  of 
losing  its  polish,  so  that 
this  portion  of  the  cor- 
nea appears  dull  upon 
the  surface.  The  clin- 
ical signs  of  the  existence  of  an  infiltrate  hence  are :  cloudiness  of  the 
cornea,  and  loss  of  luster  over  the  clouded  portion,  but  no  unevenness 


Fib.  SR.— ISFiLTaATK  n»  thk  0)ri»«a.    (After  Saemiscr.) 
The  epithelium,  e.  and  BowmAii'a  membrane,  6.  over  the 
Inältrate  are  presserred. 


♦  From  K^^,  hctro. 
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Fio.  S9.— CoamuL  Utrcii  m  the  PnooRUsrvx  SrioK. 
(Aptkr  Sabmisch.) 
The  <>Me  of  the  iilrer  Is  formed  bj-  an  acrumiilation  of  ptn- 
«•Ih.  which  &1h<)  push  lht>ir  way  Home  distann;  in  betwM'n 
Ihf  hini<^lkc  of  Uh"  oonu-j»  (hnr  ailjuin  the  ulcer.  At  th« 
e<1)n«  of  the  ulcer.  »Iiii'h  nrn  nopiiewhat  ntioeii.  the  epi- 
thi-lium.  r.  AQd  Bowuiau'a  iia-uibraiit<,  b,  end  as  if  cut 
sliort  off. 


of  Üie  surfuce.    The  subsequent  fate  of  the  iiiQltrato  varies.     It  may 
go  oil  to  rosorption  or  to  suppuration. 

{a)  Rt'üurpttun  occurs  iu  those  cases  in  which  the  accumulation  of 
exndato  between  the  laniellie  of  the  cornea  is  not  excessive,  so  that  tho 
lamelliB  of  the  cornea  are  not  broken  down  by  reason  of  its  presence, 

|*od  hence  there  is  no- 
»•here  produced  any  de- 
«truction  of  the  tissue 
of  the  cornea  itself.  In 
this  case  the  resorption 
of   the  exudate  repre* 

rsents  the  second  or  re- 

l^gressive  stage  of  the  in- 

Vflammation,  and  with 
it  the  morbid  process 
comes  to  a  conclusion. 
In  fuvoRible  cases,  when 
the  cells  constituting 
the  exudate  have  disap- 
by  reisorptiun, 
le  diseased  spots  may 
jme  perfectly  nor- 
mal once  more  and  regain  their  transparency  (healing  without  perma- 
nent sequel» — i.  e.,  without  opacities).  But  it  may  also  happen  that 
the  stroma  of  the  cornea  may  not  be  absohitely  destroyed  by  the  deposi- 
tion of  the  exudate,  and  may  yet  have  exjierienced  such  an  alteration 
of  its  structure  that,  even  after  tho  d isjippeanince  of  the  exudate,  it 
never  again  liecomes  perfectly  transparent.  Or  it  may  be  that  the 
exudate  dcposile<l  between  the  lamcllie  of  the  cornea  does  not  disap- 
j)ear  conifdctely  by  resorption,  but  in  part  becomes  organized  and  is 
left  permanently  fixed  in  the  cornea.  In  both  of  these  cases  the  infil- 
trate disappears  by  a  process  of  healing,  but  leaves  a  pernuinent  opacity 
behind.  All  those  cases  in  which  resorption  of  the  exudate  occurs 
without  breaking  down  of  the  corneal  stroma  are  grouped,  together 
under  the  common  name  of  nonsuppurative  keratitis. 

{b)  The  infiltration  goes  on  to  suppuration^  when  the  exudation  is 
such  as  to  be  no  longer  compatible  with  the  maintenance  of  life  by  the 
corneal  stroma,  so  that  the  latter  breaks  down.  The  intlaniniation  then 
enters  upon  its  second  stage,  that  of  suppuration,  which  is  associated 
with  a  locjilizcd  destruction  of  the  cornea.  These  cases  of  keratitis  are 
known  as  nuppurative.  keratitis.  According  as  the  suppuration  starts 
in  the  suijerlicial  or  in  the  deep  layers,  it  develops  under  the  form  of 
an  nicer  or  of  an  abscess. 

An  ulcer  of  the  cornea  develops  whenever  the  infiltration  is  greater 
in  the  superficial  than  in  the  deep  layers,  and  when,  consequently,  the 
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proems  of  purulent  disintegration  begins  in  the  former  (Fig.  29).  In 
this  way  a  superficial  loss  of  substance  is  produced  wliicii  is  recogniza- 
ble as  a  depresdion  in  the  corneal  surface.  In  the  beginning,  only  tlio&e 
parts  which  are  most  markedly  infiltrated,  and  hence  are  the  first  to 
break  down,  correspond  to  the  loss  of  substance ;  and  surrounding  the 
latter  are  layers,  which  likewise  are  infiltrated  with  the  exudate,  although 
not  to  as  high  u  degree.  Hence  bolh  the  floor  and  the  walls  of  the 
nicer  are  still  iadltnited,  fur  which  reason  wo  call  it  afoiil  (coated,  in- 
filtrated, or  progressive)  ulcer.  Later  on,  the  infiltrated  portions  form- 
ing the  floor  and  the  wall  of  the  ulcer,  so  far  as  they  are  incapable  of 
living,  are  also  oa,st  off;  but  tliose  parts  of  the  corneal  tissue  which 
have  retaineti  their  ability  to  live  remain,  are  freed  by  a  process  of 
resorption  from  the  exudate  which  infiltrates  them,  and  become  once 
more  transparent.     Tlie  ulcer  has,  it  is  true,  become  somewhat  larger 
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Fia.  ao. — OoitNCAL  Ulckr  ijf  TKE  REfiacasiTi:  Staok.    (Aftkk  Raewtscb.) 
The  ba.<w  oT  Hif  iilr-cr  Ih  foririP<l  hj-  Iht-  dTiuilcd  lan)enRf  of  th«>  corni"*  ;  n  Hllf;ht  fncpeai«»  In  the 
i]iuiilM.'r  of  cell!)  iH'twrt^ii  theui  cau  still  be  iiiadu  out.    At  the  edees  (6]  of  the  ulcer  Uii;  cpi- 
thi>lhim.  f,  Ls  bcj^lnninK  to  grow  out  r»vt>r  the  bane.    Newly  formed  blood-TMwls  (0),  Ifioc 
la  Iho  upiMT  layens  of  the  coruca,  niu  to  the  ulcer. 


than  before,  but  the  cloudiness  surrounding  it  has  disappeared;  the 
ulcer  has  acquired  a  smooth,  tranHjiarent  base  and  edges ;  it  is  a  cleansed 
{regressive)  ulcer  (Fig.  30). 

Among  the  clinical  signs  by  which  we  diagnosticate  an  ulcer,  the 
most  important  is  the  unevenness  of  the  corneal  surface,  the  latter 
presenting  a  de|>ression  or  loss  of  substance.  In  foul  ulcers  this  de- 
pression is  surrounded  by  clouded  corneal  tissue,  which,  moreover,  is 
dull  upon  its  surface ;  the  floor  of  the  ulcer  also  is  gray  and  uneven.  In 
clean  ulcers  the  cloudiness  surrounding  them  is  very  slight,  or  is  want- 
ing altogetlier,  and  the  floor  and  edges  of  the  loss  of  substance  are 
smooth  and  shining;  the  ulcer  gives  a  mirror-ükc  reflex. 

An  (ibavesH  is  |troduced  by  the  infiltration  being  greatest  in  the 
deeper  layers,  and  by  inducing  purulent  liquefaction  of  the  corneal  tis- 
sue first  in  this  situation.     For  example,  the  infiltrate  represented  in 
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Fig.  28,  if  it  should  increase  to  the  point  of  producing  purulent  liquo- 
faction  of  tho  comeul  tissue,  would  form  an  abscess.  An  absccsa  is 
thcroforo  a  focus  of  pua  in  the  cornea,  shut  in  behind  and  in  front  by 
iKjrera  of  the  cornea  which  have  not  broken  down  (Fig.  31,  a).  The 
oiinical  gign.s  of  a  riH^ent  abscetts  consist  in 
•B  opat-iiy  of  tho  cornea,  having  the  yoUuw 
color  of  pus,  corresponding  to  which,  how- 
ever, there  is  no  loßs  of  substance  upon  the 
corneal  surface,  but  merely  an  absence  of 
luster.  In  the  further  course  of  an  al>sces8, 
to  be  sure,  the  layers  which  lie  in  front  of 
it  always  succumb,  so  that  the  abscess  is  ulti- 
mately converted  into  an  ulcer  and  presents 
the  characters  of  one. 

Every  keratitis  suppurativa  entails  a  loss 
of  guVwtance  in  the  cornea.  This  must  be 
filled  up  again  by  newly  formed  tissue,  in 
doing  which  tho  process  enters  upon  its  third 
stage  —  that  of  cicatrization.  The  newly 
formed  tissue  is  not  corneal  tissue,  but  con- 
nective tissue,  and  is  accordingly  opai^ue  (Fig. 
S'i).  Uence  suppurative  keratitis  always 
leaves  a  permanent  opacity  after  it.  The 
0|)acity,  indeed,  is  the  principal  clinical  sign 
of  a  cicatrix ;  for  the  corneal  surface  has 
completely  reacquired  its  luster,  because  its 
epithelium  is  restored  to  the  normal  state; 
and  the  excavation  or  loss  of  substiince  has 
di^ppeared,  at  most  a  slight  flattening  of  the 
surface  being  present. 

RecapituIatioQ. — According  to  the  state- 
ments above  made,  non-suppurative  keratitis 

has  two  stages:  the  stage  of  infiltration  and  that  of  resorption.  In 
suppiinitivo  keratitis,  on  the  other  hand,  we  distinguish  three  stages: 
the  stage  of  infiltration,  the  stage  of  suppuration,  and  tlie  stage  of 
cicatrization  (reparation).  The  stage  of  suppuration  is  composed  of 
two  perirnls :  the  progressive  period  (foul  ulcer)  and  the  regressive 
period  (clean  ulcer). 

In  the  clinical  diagnosis  of  the  form  and  the  stage  of  an  inflamma- 
tion of  the  cornea  wo  proceed  in  the  following  manner.  We  first  ex- 
amine the  corneal  rollex.  //*  tlie  surface  is  dull.,  we  are  dealing  with  a 
rfcent  afffrfion,  and  in  that  ca»e,  if  there  is  no  loss  of  .<iirli<tance,  with 
an  infiUratfi  or  trith  an  abscess  ;  but  if  a  loss  of  substance  is  present, 
icith  a  foul  ulcer.  If  th&  surface  is  lustrous,  the  affection  is  an  old 
one;  if  a  loss  of  substance  is  present,  it  is  a  clean  ulcer  that  we  hav« 


Pia.Sl— BcBEMATir  Rkprbskn- 
TATION   or  AN  ABHceiis  or 

TRK  OORNKA, 

The  surface  at  the  come«  f« 
■unküa  ovM-  the  ab«c«<««,  a. 
twcauie  tbe  latter  is  tlilt-kfr 
at  ila  edg«*  than  in  t)»*  c^n- 
Unt.  Tiw  poBteiior  surface 
of  the  onme«  In  covi-tv.!  by 
a  thiu  laytu-  of  exudalv.  b, 
which  aljto  lincH  thi-  niilerinr 
surfac«  of  tbe  irlx.  il,  atiil 
Uie  anterior  capfiulo  of  thi« 
leoa,  e,  and,  becoininir  nn'irv 

Srooounced  Inferiorly,  f  uriua 
lere  a  hypopyon,  c*. 
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V^n.  :«— Ctcatrix  or  thb  OoRsttA.  (Airr«R  Sae)«ibch.> 
The  cpitlieliiiiii,  <r,  I»  everywhere  pre«?nr.  htit  nver  the  cica- 
trix il  ia  irregular,  and  In  places  lOt  >i)  is  tblokened.  Bow- 
man's nriembrane.  b.  is  wautiner  at  thf  sitf  of  the  cicatrix. 
Thft  latter  Itself  Id  dlütinfruli^ne*.]  frotn  the  tisKiK*  of  (hü 
normal  cornea  hy  its  duoiiei  aiiil  lei«  rein>l<u'  k'Xture. 


hi/ore  Its;  but  if  no  loss  of  substance  is  visible,  we  arc  dealing  with  a 
riratn'x. 

32.  Vascularization  of  the  Cornea-— In  inflammations  of  the  cornea 
we  very  frequently  observe  the  development  of  vessels  which  grow  in 

upon  the  coriit'ii  from 
**  its  margin.     This  oc- 

curs most  frequently 
during  tlie  process  of 
healing  of  corneal  ul- 
cers. At  the  time  when 
the  ulcer  begins  to  be- 
come clean,  wo  see  ves- 
sels starting  out  from 
that  part  of  the  limbus 
lying  next  to  the  ulcer. 
These  vessels  lie  in  the 
most  superficial  layers 
of  the  cornea  an«!  ex- 
tend toward  the  ul- 
cer, whose  edges  they 
soon  reach  (Fig.  30,//). 
Their  chief  office  seems  to  consist  in  supplying  the  necessary  material 
for  filling  in  the  loss  of  substance.  Their  advent  is  therefore  to  be 
regarded  jis  a  favorable  occurrence ;  wo  know  that  at  the  spot  where 
the  vessels  have  reached  the  nicer  the  further  progress  of  the  latter  is 
no  longoi  to  be  apprehended — that,  on  the  contrary,  it  will  there  enter 
upon  the  process  of  healing.  After  tlie  loss  of  substance  has  been 
filled  in,  the  vessels  grmliinlly  disappear,  so  that  a  corneal  cicatrix  con» 
tains  fewer  and  fewer  of  them  as  it,  becomes  older.  Nevertheless,  the 
blood-vessels  never  entirely  disivppear  from  the  large  cicatrices. 

In  other  cases  the  formation  of  new  vessels  accompanies  the  ^ro'^- 
re^s  of  the  inflanimntonj  jrrorcss^  and  hence  belongs,  h'ke  the  exuda- 
tion itself,  to  the  i-linical  picture  of  the  inflammation.  The  best  exam- 
ple of  this  ia  afforded  by  the  vascular  form  of  parenchymatous  keratitis 
(§  43). 

A  kind  of  vascnlarization  differing  from  both  of  these  varieties  is 
that  which  forms  one  of  the  symptoms  of  juumna.  TIere  the  vessels 
do  not  lie  in  the  cornwi  itself,  but  in  h  newly  formed  tissue  which  is 
deposited  upon  the  cornea  and  of  which  they  form  an  essential  constit- 
uent (Fig.  92). 

It  is  very  important  to  determine  the  situation  of  the  vessels  in  the 
corne« — that  is,  whether  superficisd  or  deep — since  by  this  fact  alone  we 
can  often  diagnosticate  what  sort  of  keratitis  we  are  confronted  with. 
The  type  of  superficial  vascularization  is  afforded  by  pannus,  that  of 
deep  vascularization  by  keratitis  parenchymatosa. 
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The  signs  which  enahlo  us  to  dietingiiish  the  two  kinds  of  vascnlari- 
latiou  frum  each  other  uiuy  bo  cuntrasttid  as  follows : 


Superficial  Vessels 

sprinjr  from  the  Tietwork  of  mar- 
ginal liMtps  of  ihii  liinhua,  and  can 
iberefore  be  followed  from  the  cor- 
nea into  the  limbus,  and  thonoc  on 
to  the  vessels  ol  the  cunjnuctiva. 

On  account  of  their  superficial 
position  arc  clearly  visible  and  well- 
(Ivtinod,  and  have  a  vivid  red  color. 


The  veesela  branch  in  an  arbo- 
mt  fashion. 

The  surface  of  the  cornea  ia 
nneven,  from  the  fact  that  the  ves- 
sels rniifie  up  the  epithelium  tlmt 
lies  directly  over  them. 


Deeply  situated  Vessels 

spring  from  the  vessels  of  tlio 
sclera  close  to  the  margin  of  tlie 
cornea,  and  hcnco  appear  to  come 
to  an  end  suddenly  at  the  Itmbns, 
as  they  disappear  behind  the  latter 
to  enter  the  scleni. 

Are  not  ilistinctly  recognizable, 
or  are  even  unrecognizable,  except 
as  a  diffuse  red  coloration,  and 
have  a  dirty-red  (grayish-red)  hue; 
tlie  reason  for  both  of  these  appear- 
ances being  that  the  vessels  are 
Teiled  by  the  clouded  layers  of  cor- 
nea lying  in  front  of  them. 

The  vessels  form  tine  twigs 
which  run  parallel  to  each  other 
(besom  form  of  branching). 

The  surface  of  the  cornea  is 
lusterless,  it  is  true,  but  not  un- 
even. 


Participation  of  Neighboring  Organs  in  the  Process.— Every  kera- 
titis is  accompanied  by  iuflammator)-  symptoms,  the  most  important  of 
uhirh  is — 

(rt)  The  infer  (ion  of  the  blood-vessels.  The  characteristic  mark  of 
corneal  inflammation  is  ciliary  injection.  When  the  infl.ammation  is 
gntit,  conjunctival  injection  also  makes  its  appearance,  ami  may  con- 
ceal the  ciliary  injection  to  a  greater  or  less  extent  Very  violent  sup- 
punitive  inflammations  of  the  cornea  are  accompanied  by  uedematous 
swelling  of  the  conjunctiva  and  even  of  the  lids. 

{b)  The  iris  and  even  the  ciliary  body  become  inflamed  in  cases 
of  marked  keratitis,  so  that  we  see  the  symptoms  of  iri/is  and  irtdo- 
eycJUi»  set  in  (see  gg  G7  and  G8).  These  accompanying  inflammations 
may  Ih;  inti;nse  enough  to  bririg  about  the  destruction  uf  the  eye. 

(c)  //v;>rt;/yo«  *  is  the  accumulation  of  a  purulent  exudate  at  the 
bottom  of  the  anterior  chamber  (Fig.  31,  c).  It  forms  a  freqnent 
symptom  in  keratitis  suppurativa.  T7e  then  find  collected  in  the 
lowest  portion  of  the  chamber  a  j'ellow  mass  which,  because  it  is  fluid. 
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ig  limited  above  hy  a  horizontal  Hue,  anil  for  tl»e  same  reason  ia  seet 
to  change  iUs  place  uiid  seuk  iho  deeper  portions  of  the  chamber  when 
the  head  is  moved.  In  other  cases  the  mass  is  viseid  or  pultuccoua,  so 
that  when  seen  from  in  front  it  has  a  border  that  is  convex  upward,  or 
it  lies  quite  like  a  aulid  ball  at  the  bottom  of  the  chamber  and  docs 
not  change  its  position  with  the  movements  of  the  head.  lIypop}on 
usually  originates  both  from  the  cornea  and  from  the  iris,  the  latter 
being  inflamed  as  well,  and  both  pouring  a  part  of  their  exudate  into 
the  anterior  chamber.  The  quantity  of  the  pus  produced  in  this  way 
varies  greatly,  ranging  from  a  Hcarcely  jierceptible  amount  lodged  in 
the  lower  sinus  of  the  chamber  np  to  masses  of  such  size  that  the  entire 
chamber  is  tilled  by  the  hypopyon.  Hypopyon  may  tlisujipear  by  re- 
sorption, this  process  taking  place  the  more  rapidly  the  more  fluid  the 
hypopyon  is.  Pretty  tiiick  mas-ses  of  exudation  may  become  organized 
and  lead  to  occlusion  of  the  pupil,  or,  in  rare  cases,  to  adhesion  of  th^ 
iris  to  the  posterior  surface  of  the  cornea. 

(f/)  The  ,snhjedive  phenomena  associated  with  keratitis  are  pain" 
and  ithotopliobia,  together  with  the  lachrymation  and  spasm  of  the 
lids  which  these  conditions  cause,  and  also  disturbance  of  vision — 
symptoms  which  are  met  with  in  very  varying  degree. 

The  hiftof'VfiniJ  protfine»  occurrin«^  in  inflammation  of  the  cornea  have  been 
tlie  aubjoot  of  Hk»  most  zcalouii  invcstigitiotis,  and  I'&jtcK'ially  of  investigations 
i'XiN"riiii(!ntally  comlucled,  Ijt'cause  the*  attetnirt  was  iiuidc  to  study  in  this  field 
ill«  prulik-iu  uf  inflammation  in  general.  For  such  .«tudiLii  thi-  <^omea  is  jmr- 
ticulurly  uda])ted  on  ucp(nini  of  its  transpan'ney,  and  also  on  account  of  the 
clmracteriutie  forui  of  tlio  fi.Xfd  ilwinents  of  its  tissue.  There  is  no  doubt  that 
in  every  kenititiHtliere  occurs  iin  iarrea-^i'  in  the  number  of  the  cellular  elements, 
whose  ftccntnulution  cjuwes  the  cloudini'sts  of  tht  eomca,  visible  to  the  nakid 
eye,  and  finally,  if  very  considerable,  termimite.'»  in  i\w  formation  of  p\i&.  Never- 
theles«  obaervers  could  not  ajfrcc  a.s  to  the  source  nf  the  new  cells  which  made 
th<!ir  appearance  in  the  cornea.  Some,  the  leader  of  whom  wa.M  Cohnheim, 
(«Kfk  ujion  them  a.s  white  bJoodrorpuHcles  uhich  have  migrated  into  the  comen 
from  the  vcswls  of  the  corneal  maryiii.  Other»,  and  es[>ecially  Strieker,  con- 
Bider  Ihcm  derived  fn>m  an  incr<'asc  in  numlwr  of  the  nomral  fixed  cells  of  the 
conien.  I  am  persuaded  from  my  own  investigation»  tliat,  in  the  cornea  aji  well 
as  in  other  tissues,  both  proccsüu.s  alway.'»  go  on  simultanDously.  Pruliferntion 
(if  the  corneal  cell»  take«  [>lace  simultaneously  willi  the  migration  of  white 
hlootl -corpuscles,  »o  that  the  new  cells  which  make  their  aiijx'arance  in  the  cor- 
nea originate  partly  in  one  way,  partly  in  another,  without  our  being  able  to 
discover,  from  the  nsjiect  uf  any  particular  cull,  frnm  wliicli  of  the  two  sources 
it  takes  it»  origin. 

In  the  healing  of  the  lofwcs  of  Buh.^tance  produced  by  inflammation,  tlie 
generation  both  of  the  epithelium  and  of  the  strfima  of  the  cornea  come  in  for 
consideration.  Tlie  epithelium  of  the  cornea  is  replaced  by  the  growth  of  the 
epithelium  from  the  edge  of  the  ulcer.  Losses  of  Bubstances  which  idTcct  the 
epithelium  only,  hen!  with  a  perfect  rtistnrattoii  to  the  normal  state  and  without 
leaving  a  permanent  opacity.     Oa  the  other  hand,  every  loss  of  substance  of 
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thr  pompal  stroma  is  filled  up  by  cicatricial  tissue  which  forms  from  the  bottom 
Hntt  sidwj  of  the  ulctr.  The  chief  i>art  i«  thl's  Jh  luken  by  thü  fixed  cells  of  the 
coroca  in  the  immediate  neighborhood  of  the  ulcer,  as  these  iucreusc  by  divtdon, 
»nd  thf  cells  which  thus  arise  grow  into  counective-tissuu  fibers.  The  tieeuo 
Ihu»  formed  is,  however,  essentially  differeut  from  the  normal  tissue  of  the  cor- 
nea <  Fig.  33).  The  re^ilar  arrangement  of  the  normal  tiJjers  of  the  cornea  ia 
wanting,  and  »o,  too,  are  the  Htellately  branched  axed  conical  corpuscles,  which 

[  are  replaced  by  ordinary  connective-tissue  cells.  Bowmiin'H  membrane  (Fig, 
SS,  i)  is  never  regenerated.  The  epithelium  (,Fig.  32,  e)  hence  lies  directly 
upon  the  cicatricial  tiüitue,  from  which,  l)eing  thinner  in  some  places  and  thicker 
in  othcrn,  it  is  separated  by  an  irregular  lino. 

As  a  CDusetjuence  of  these  peculiarities,  the  cicatricial  tissue  never  possesses 
the  perfect  tran'(j>arency  of  the  normal  cornea,  and  in  hence  recognizable  even 
with  the  nakrd  eye  a»  an  opacity.  After  having  exiatetl  for  a  long  time,  the 
texturv  of  the  cicatricial  tissue  approximates  somewhat  more  closely  to  the 
regular  structure  of  the  corneal  ti.^sue.  It  accordingly  gains  in  tiiinsjmrency, 
Md  a  "clearing  up"  of  the  ojwicity  is  demonstrated  to  exist,  which,  however, 
goea  M  far  as  a  complete  diäap{}carance  of  the  opacity  only  in  the  case  of  quite 
•mail  and  superficial  cicatrices. 

In  deep  losses  of  substance  the  restoration  of  the  normal  epithelial  coating 

>4]oes  not  delay  making  its  appearance  until  the  ulcer  it.self  hiis  Ik-cu  completely 
filled  up  by  cicatricial  tissue.  On  the  contrary,  from  the  moment  when  tli« 
ulcer  has  iK'Come  clean  the  epithelium  liegins  to  grow  over  the  latter,  and 
hence  b^-gins  lo  cover  it  at  a  time  when  there  is  no  cicatricial  tissue  i>reaeat,  or 
only  a  very  thin  layer  of  it  (Tig.  80,  at  h).  At  this  time  the  ulcer  (on  account  of 
the  absence  of  opaque  cicatricial  ti8<<ue)  i.s  still  almost  completely  transparent, 
and,  as  a  consequence  of  the  restoration  of  the  epithelial  cttvering,  i»  smooth 
and  shining.  The  formation  of  cicatricial  ti.ssue  now  goes  on  Iwneath  the  epi- 
thelium, and  by  this  process  the  latter  is  gradually  lifted  up  to  its  normal  level. 
Tn  pn.){>ortion  a.s  the  layer  of  cicjätricial  tissue  becomes  thicker,  the  degree  of 
opacity  naturally  increases;  but  it  would  be  a  verj-  grt?at  mistake  for  the  physi- 
cian to  conclude  from  this  fact  that  the  disease  was  advancing. 

The  signs  before  gi*'eD,  having  regard  to  changes  in  the  luster,  evenness  of 
aurCoce,  and  transparency  of  the  cornea,  serve  for  the  dUignoai»  of  the  variety  of 
corneal  disease  that  is  present.  They  are  not  always,  to  be  sure,  found  com- 
bined in  a  manner  as  schematic  as  htiA  been  reprciented.  Some  examples  may 
•bow  in  what  way  exceptions  to  thera  occur.  The  opacities  that  are  present 
up«)n  the  cornea  may  be  old,  and  yet  the  cornea,  li«cause  of  a  coincident  in- 
cnsase  of  tension,  may  look  dull  and  stij)pled.  The  surface  of  the  cornea  is  not 
always  smooth  when  there  are  infiltrates,  nor  yet  when  there  arc  cicatrices.  In 
the  cose  of  infiltrates,  a  bulging  forward  of  the  surface  of  the  cornea  often  takes 
place  on  account  of  tl)e  deposition  of  an  excessive  quantity  of  exudation;  in  the 
cjum;  of  cicatrices,  on  the  other  hand,  a  flattening  may  take  place  in  consequence 
of  an  insufficient  filling  in  of  the  loss  of  substance.  In  doubtful  c-a-ses,  we  must 
take  still  other  factors  into  consideration,  which  may  furni.sh  points  that  will 
establish  our  diagnosis.  Thus,  in  the  case  of  a  cicatrix,  the  outline  of  the 
opacity  is  commonly  better  defined  than  in  the  ca.se  of  a  recent  opacity  due  lo 
inflomination.  The  color  of  the  latter  form  of  opacity  [tasses  from  gray  to  yel- 
lowish-white and  to  yell«)w ;  cicatrices,  on  the  contrary,  present  rather  a  pure 
white,  or,  if  thin,  a  bluish-white  hue.     Kecent  inflammatory  processes  are  aaao- 
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ciated  with  attendant  inflammatory  symptoma  (ciliary  injection,  etc.),  which 
are  wanting  in  the  case  of  cimtricea.  By  puttiog  all  these  iacta  together  the 
right  diagaosi»  can  almoät  always  he  made. 

A  hypopyon  consists  clueHy  of  pus-cella.  In  regard  to  the  source  of  the 
latter,  \'iews  are  no  less  dividvil  than  in  regard  to  the  origin  of  the  cells  of  the 
exudate  within  the  coruea  itjiflf,  insifliniicii  as  siime  will  have  it  that  they  are 
derived  chiefly  from  the  cornea,  others  thiit  they  come  .solely  from  the  uvea 
<iris  and  ciliary  hmly).  Here  the  truth  lies  in  the  mean  l)etween  the  ex- 
tremes, inasmuch  as  hoth  organs  arc  imitlinUcd  in  the  process.  Pus-cells  from 
the  infiltrate  in  the  cornea  pss-s  thmvjgli  the  mnst  posterior  layers  of  the  cornea 
and  so  get  into  the  fluid  of  the  anterior  chamber.  Particularly  in  the  ease  of 
abscess  of  the  cornea,  we  often  sec  pus  extending  in  the  form  of  a  fine  filament 
down  to  the  hypopyon,  from  the  »pot  upon  the  posterior  wall  of  the  cornea  that 
corresjionds  to  tlie  abscess.  In  consequence  of  this,  the  hypopyon,  when  looked 
at  from  in  front,  presents  a  border  that  is  convex  upward;  und,  furthermore,  it  is 
found  to  be  completely  agglutinated  to  the  posterior  wall  of  the  cornea,  upon 
which  it  extends  upward  much  farther  than  it  does  ujkiii  the  anterior  surface  of 
the  iris  (Fig.  31,  <•).  In  a  ca<e  uf  this  sort  we  can,  looking  from  above,  see  for 
a  little  distance  down  behind  the  hypopyon.  Many  have  located  the  filament 
of  pus  which  extends  downward  from  the  posterior  surface  of  the  cornea,  and 
even  the  hyjiopyrtn  which  is  formed  by  it,  in  the  interior  of  the  cornea  itself, 
assumiag  that  a  descent  of  pus  takes  place  between  ttie  lamella^  of  the  latter. 
By  such  authorities  the  comprossiou  of  the  pus  between  the  lainclloj  of  the  cor- 
nea was  given  as  an  explanation  for  the  flattened  form  of  the  hypopynn  and  for 
the  convexity  of  its  upper  border;  on  account  (»f  the  hitter,  the  hypopyon  was 
compared  to  the  lunula  of  the  finger-nail,  and  was  hence  called  unguis  or  onyx 
(nail).  This  latter  expression,  therefore,  should  denote  a  descent  of  pus  between 
the  lampllro  of  the  cornea.  Any  one  can  convince  himself,  while  jM-rforming  in- 
cision of  a  corneal  abscess  combined  with  n|X'ning  of  the  anterior  chamber 
(after  the  method  of  Saemlsch)',  timt  what  is  called  tlie  unyx  lies  in  the  ante- 
rior chantber,  and  is  nothing  but  u  hypopyon  of  iwculiiu"  fonn. 

A  part  of  the  liypopyon  arises  from  the  inflareied  uvea.  This  is  proved  by 
the  presence  of  pigment  granules  iti  many  of  the  pus-corpuscles,  which  have 
carried  the  pigment  with  them  from  the  inflamed  uvea.  The  exudate  thrown 
out  by  the  uvea  (iris  and  ciliary  botly)  first  gets  into  the  aqueous  humor,  which 
is  thus  rendered  turbid.  Then,  as  the  cells  afterward  sink  to  the  bottom,  they 
assist  in  the  formation  of  the  hypopyon.  A  portion  of  the  exudate  that  i«  sus- 
pended in  the  afpieous  humor  often  likewise  attaches  itself  to  the  po.sterior  sur- 
face of  the  cornea  (Fig.  ai,  h\  compare  also  Fig.  01,  h  and/"}.  In  such  a  case 
we  see.  apart  from  the  circumscribed  opacity  corresponding  to  the  focus  of  in- 
flammation, a  diffuse  opacify  of  the  entire  cornea,  caused  by  the  thin  layer  of 
exudation  on  its  pfjsterior  surface. 

The  re«orj)fkm  of  the  hypO|iyon  takes  place  chiefly  through  the  meshwork 
of  the  ligamentum  pectinatum  (j  (Jl).  The  rapidity  with  which  absorption  pro- 
ceeds varies  exceedingly.  In  many  ea.ses  a  hypopyon  of  considerable  size  dis- 
appears 80  completely,  that  after  twenty-four  hour«  scarcely  a  trace  of  it  is  to  be 
found;  in  other  cases,  the  hypopyon  remains  lying  at  the  bottom  of  the  cham- 
ber so  long  that  it  becomes  organized.  Öometiracs  we  observe  n  rapid  alterna- 
tion in  the  height  of  the  hypopyon  which  at  times  decreases,  and  again  increases 
once  more. 
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The  hlood-txtteh  which  form  during  tho  cicatrization  of  o  corneal  ulcer  ap- 
»,  in  many  instances,  to  jjersist  for  a  long  time  in  un  emj>ty  8tute.  For  ex- 
ample, suppose  that  an  eye  is  affected  with  a  cicatrix  which  is  not  very  recent 
and  which  apparently  contains  only  a  few  vcsuols  or  none  at  all,  and  that  an 
iridectomy  b  made  upon  the  eye  so  that  a  certain  unmunt  of  irritation  is  pro- 
duced. Then  we  often  see,  on  the  followinitr  day,  not  only  the  cicatrix  but  also 
the  adjacent  transparent  cornea  densely  permeated  by  vessels.  Since  these 
veMtelb  can  not  have  been  formed  anew  in  so  short  a  time,  we  are  forced  to 
•asiime  that  the  old  ves^jela,  althouj^b  empty,  were  still  presient  and  had  again 
become  filled  with  blood.  Furthermore,  after  non-puriilent  varieties  of  kcra- 
liti« — e,  g.,  after  keratitis  parenchymatosa — very  minute  vessel.««,  only  vi.sible 
with  the  aid  of  the  mzignifying-gla^a,  freijuently  rfrnuin,  persisting  for  a  num- 
bur  of  years,  in  the  deeper  layers  of  the  cornea  (Hirschberg). 


Subdivision  of  Keratitis, 

33.  The  Hubdi vision  of  keratitis  info  keratitis  suppurativa  and  kera- 
titis uon-Buppuraliva  corresponds  most  fully  to  practical  requirements. 
Every  suppurative  keratitis,  since  it  ia  associated  witli  ilc.>?truotion  of 
corneal  tissue,  leaves  behind  it  a  perniai;cnt  opacity,  which  in  many 
cases  iiijurioosly  affects  the  visual  power.  On  the  contrary,  so  long  as 
purulent  dissolution  of  the  cornea  has  not  token  place — that  is,  in  non- 
suppurative keratitis — a  complete  restoration  of  its  transparency,  and 
with  it  of  the  normal  power  of  vision,  is  possible,  and,  in  fact,  often  does 
tjike  place.  Moreover,  the  above  sulMiivision  also  corresponds  to  the 
eaaential  characters  of  the  corneal  inflammations.  For  it  is  not  merely 
a  matter  of  accident  whether  an  in  filtrate  in  the  cornea  goes  on  to 
suppuration  or  to  resorption.  On  the  contrary,  the  forms  which  tend 
to  the  production  of  suppuration  ordinarily  present  from  the  very  be- 
ginning characters  differing  from  those  borne  by  forms  in  which  there 
is  no  progress  toward  suppuration,  so  that  these  two  categories  are  dis- 
tinct not  only  in  their  consequences  but  also  in  their  clinical  aspect. 
In  each  of  the  two  categories  a  number  of  different  forms  belong,  the 
most  important  of  which  are  set  forth  in  the  following  list  : 

A.  Keratitis  Suppurativa. 

1.  Ulcer  of  the  cornea. 

2.  Abscess  of  the  cornea. 

3.  Keratitis  e  lagophthalmo. 

4.  Keratotnaliu'ia. 

5.  Keratitis  neuroparalytica. 

B.  Keratitis  Non-suppurativa. 
(a)  Superficial  forms. 

1.  Pannus. 

2.  Keratitis  with  the  formation  of  vesicles. 
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(J)  Deep  forma. 

3.  Piircnichymatoua  keratitis. 

4.  Deep  keratitis. 

6.  Sclerosing  keratitis. 

0.  Keratitis  starting  from  tlie  posterior  surface  of  the  cornea. 


A.  Suppurative  Keratitis. 

1.  Ulcer  of  the  Cornea. 

34.  Symptoms  and  Course- — Every  ulcer  of  the  cornea  develops 
from  u  .siipcrHcially  ilispo.sed  infiltrate.  In  the  beo'inning  we  find  one 
spot  upon  the  c-nrnea  clotuiy  and  the  surface  over  it  dull  (infiltrate). 
Tlien  the  epithelium  exfoliates  u[)on  the  surface  of  the  affected  spot, 
and  soon,  by  tlio  breaking  down  of  the  most  strongly  infiltrated  por- 
tions of  the  cornea,  a  losa  of  substance  forms  in  the  parenchyma  of  the 
cornea,  so  that  an  ulcer  is  produced.  This  is  at  first  surrounded  by 
infill-rated  ])ortion3  of  the  cortu'a — a  fact  which  we  recognize  by  the  base 
of  the  ulcer  being  gray  and  uneven,  and  its  walls  likewise  gray  and 
clouded.  The  walls  of  the  ulcer  are  often  surrounded  for  quite  a  dis- 
tance by  a  gray  area,  or  slender  gray  stria%  extending  from  the  ulcer  in 
dilTereut  directions  into  the  transparent  cornea.  This  is  an  unclean  or 
proyrexsivc  ulcer  ( Fig.  39).  In  a  favorable  «ise,  only  so  much  of  the  cor- 
neal tissue  breaks  down  during  the  further  progress  of  the  disease  as  wa« 
from  the  vory  beginning  too  strongly  infiltrated  to  live.  In  this  case  tho 
uicer  rapidly  becomes  clean  Avithout  attaining  great  dimensions.  But  it 
very  often  happeus  that,  simultaneously  with  the  breaking  down  of  the 
]>arts  that  are  most  strongly  infiltrated,  the  inflammatory  cloudiness 
keeps  spreading,  new  portions  of  the  coruen  being  constantly  attacked 
by  the  infiltration.  And  since  these,  too,  break  down  into  pus,  the  ulcer 
grows  constantly  larger.  This  progressive  growth  of  tlie  ulcer  takes 
place  sometimes  more  in  the  direction  of  the  depth,  sometimes  more 
along  the  surface.  In  the  former  case,  perforati'in  of  the  cornea  is  to 
be  apprehended ;  in  the  second  case,  larger  and  larger  areas  of  the 
cornea  may  bo  destroyed  and  tlius  extensive  opacities  be  produced. 
Progressive  growth  along  the  surface  often  takes  place  chiefly  in  one 
direction — a  fact  which  can  l>e  easily  recogiiized  by  a  particularly 
marked  gray  cloudiness,  or  even  a  yellow  cloudiness,  of  the  ulcer-wall 
on  the  corrpspoiuling  side.  It  may  even  happen  that  the  ulcer  keeps 
constantly  advancing  in  one  direction,  while  on  tho  opposite  side  it 
heals  just  as  fast,  so  that  it  goes  creeping  over  the  cornea  {serpigi- 
nous* ulcer). 

Tho  progressive  stage  of  the  ulcer  is  accompanied  by  symptoms  of 
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irritation  like  ciliary  injection,  lachryraation,  photophobia,  and  pain, 
which  not  infrequently  reach  a  oonsideruhle  heij?ht;  moreover,  in  this 
•tage  hyjwrjemiu  or  oven  influnimution  of  the  iris  nmke  their  appear- 
ance (evidenced  by  turbidity  of  the  aqueous  humor,  hypopyon,  dis- 
colorjktion  of  tho  iris,  contraction  of  the  jHipil,  ])osterior  synechia^). 
There  are,  however,  cases  of  ulceration  in  which  the  irritative  symp- 
toms arc  very  slight,  or  are  wanting  altogether — cases  constituting  what 
are  called  torpid  or  asthenic  ulcera — which  nevertheless  may  be  very 
dangerous. 

When  the  infiltration  has  finally  come  to  a  standstill,  the  ulcer 
enters  upon  its  rrgrcaaive  stage.  The  tissue  that  has  been  destroyed  is 
cast  off,  that  which  has  not  boon  destroy  eil  becomes  tninsparent  once 
more  from  resorption  of  the  exudate.  The  ulcer  "  cleanses "  itself 
(Fig.  30).  A  clean  ulcer  presents  a  smooth  base  and  edges  with  little 
or  no  opacity,  and  is  chielly  to  bo  diagnosticated  by  tlie  excavation  of 
the  surface  of  the  cornea,  whicli  we  recognize  when  examining  the  cor- 
neal reflex.  In  proportion  as  the  ulcer  becomes  clean,  the  associated 
symptoms  of  irritation  disappear. 

After  the  ulcer  has  l>ecome  entirely  clean,  cimtrixation  begins. 
Veasels  extend  from  the  nearest  portions  of  the  limbus  to  the  ulcer, 
which  latter,  in  consequence  of  becoming  filled  with  tlie  oj-taque  mass 
of  the  cicatrix,  becomes  again  more  clouded,  but  at  the  same  time  con- 
stantly shallower,  until  finally  it  reaches  the  level  of  the  adjacent  nor- 


t--^d 
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\e\o.  33.— KEBATecTAfiu  rooorrw)  nT  AW  U'Ltk».    MAomrirD  25x1. 
tht  rhlntiPd  uml  |»n»lrii<linK  ricntrlx  to  JistinKUtshi.-«!  hy  Its  rli«iuw?r  texturt-  from  the  adjacent 
ii..r!iiiil  L-oniea.    Tbn  •>plthpliiirii.  »•.  ovtr  U   is  llilokenwl.  whilo  B<.iwttiaü'8  tueiiibrani',  b.  la 
"  uiiinjt     On  the  t>ih<T  lianii.  iH-xcenn-t's  itiemhriunj,  rf,  With  ilsepilhelium,  teeverywhen» 
|.r.--iit  -a  i'Toot  ihut  the  uloiT  \m\a  uui  i>erforul*Hl. 

mal  cornea.  Not  infrequently,  however,  the  new  formation  of  the  cica- 
tricial mass  comes  to  a  standstill  before  the  loss  of  substance  has  been 
quite  filled  up,  so  that  the  surface  of  the  cicatrix  remains  permanently 
a  little  sunken.  When  such  cicatrices  are  small  they  are,  on  account  of 
the  thinness  of  the  cicatricial  tissue,  almost  or  quite  transparent,  and 
disclose  their  presence  by  a  flattening  of  tlio  cornea  {corneal  fucel)^  only 
discernible  \x\\on  examination  of  the  corneal  reflex-  On  the  other  hand, 
cicatrices  not  infrequently  occur  which  project  above  the  level  of  the 
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Burrounding  cornea.  Such  are  the  cases  in  which  the  comea  at  the 
base  of  the  ulcer,  haviug  become  thinned,  does  not  offer  resistance  to 
the  intra-ocular  pressure,  and  bulges  forward.  The  bulging  may  disap- 
pear, owing  to  the  contractiuti  of  the  cicatricial  tissue ;  but  it  may  also 
remain  permanently  {ectacti^  cic/itrix,  keratectasia*  ex  ulcere.  Fig.  33). 
The  formation  of  ectactic  cicatrices  is,  however,  of  much  more  frequent 
occurrence  after  perforation  of  the  cornea. 

35.  Perforation  of  the  Comea. — The  course  which  an  ulcer  takes  is 
much  nioro  rompliciitwl  when  tbe  latter  porfurntes  the  cornea.  Per- 
foration takes  jjjuce  when  the  ulcer  has  penetrated  down  to  the  deep- 
eat  layers  of  the  cornea.  The  psitierit  suddenly  experiences  violent 
pain,  and  feels  a  hot  lifjuid  (che  aqueous  humor)  gushing  out  of  the 
eye,  after  which,  not  infreijueutly,  the  severe  pains  jjreviously  existing 
subside.  Perforation  may  occur  spontaneously  or  in  consequence  of  a 
guddtni  increase  of  the  intra-ocular  pressure,  such  as  may  be  caused  by 
bodily  exertion  (even,  for  example,  stooping),  or  by  coughing,  sneezing, 
screwing  together  the  lids,  crying  (in  children),  etc.  The  increase  in 
intra-ocular  pressure,  which  develops  under  these  circumstances,  is  to 
be  referred  to  two  causes :  it  is  partly  a  result  of  the  increase  of  blood- 
pressure  (from  the  straining  of  the  muscles,  and  also  from  congestion 
in  the  dislri«'t  drained  by  tlie  supei'ior  vena  cava),  partly  produced  by 
direct  com|jression  of  tJie  eyeball,  and  particularly  by  the  pressure  which 
the  ocular  muscles,  and  esjiecially  the  orbicularis  palpebrarum,  at  such 
times  exert  upon  it.  The  perforation  produced  by  such  causes  may  de- 
velop with  violent  symptoms  and  entail  very  damaging  results. 

After  perforation  h»s  occurred  we  tind  the  anterior  chamber  obliter- 
at^'d  in  consequence  of  the  escape  of  the  aqueous  humor;  the  iris  and, 
in  the  region  of  the  pupil,  the  lens  also  are  applied  to  the  posterior 
surface  of  the  conu-a.  If  the  uperture  nnule  by  the  perforation  is  of 
suitable  position  and  size,  we  sec  Iving  in  it  the  iris  whir-h  has  been 
swept  into  the  wound  by  the  jet  of  escaping  aqueous.  The  eye  feels 
qiiitu  soft. 

I'erfonttion  is  often  preceded  by  a  kerafocf'h.\  For,  Descemet 's 
membrane  being  distinguisiied  by  the  great  resistance  which,  in  com- 
parison with  the  corneal  lamellae,  it  offers  to  the  inflammatory  process, 
it  often  ha|q»eris  tliat  the  stroma  of  the  cornea  is  destroyed  throughout 
its  entire  thickness  by  suppuration,  while  Descemet's  membrane  still 
remains  resistant.  In  that  case  it  is  protruded  by  the  intra-ocular 
prossnro  under  the  form  of  a  transparent  vesicle  which  is  visible  upon 
till!  llo<tr  of  the  ulcer,  or  which  nu»y  even  project  above  the  level  of  the 
adjacent  cornea  (kcratocele  or  descemetocele).  When  this  vesicle,  too, 
ruptures,  tbo  perforation  becomes  com^dete.    Sometimes  tbu  ulcer  heals 


•  From  icipat,  tinrn.  anil  tKiaan,  distention,  from  iicr»lrtif,  to  stretch  out. 
I  Fnjrii  «<V«.  horn,  atid  #c^Atj,  nipture. 
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without  the  koratocelo  either  mpturing  or  being  flattened  out.  The 
latter  then  remiiins  |)ertnanentl)'  under  the  form  of  a  vesicle  which 
projfH'ta  ttl)<)ve  the  surfiice  vt  tlio  cornea,  and  which,  itself  truusimrcnt, 
Is  surrounded  by  a  cloudy,  cicatricial  ring. 

The  direct  effect  of  a  perforation  upon  the  course  of  the  disease  is 
for  the  most  part  favorable,  iiuu^nuicli  iia  not  only  the  pain  and  the 
other  gymptoms  of  irritjition  abate,  but  the  progress  of  the  ulcer  also 
is,  a«  A  rule,  arresttfd,  and  the  ulcer  nipidly  becomes  clean.  The  reason 
for  this  favorable  influence  is  probably  to  be  looked  for  in  the  fact  that 
lifter  the  escape  of  the  aqueous  humor  the  intra-oeulur  pressure  sinks 
considerably, and  the  resulting  diminution  in  the  tension  of  the  eurnca 
facilit4ite8  the  circulation  in  the  latter. 

The  method  in  which  the  perforation  in  the  cornea  closes  again 
vari<'S  accurding  as  it  is  placed  in  front  of  the  iris  or  the  pupil.  If  the 
o{><niing  ie  found  i«  front  of  the  iris,  as  is  generally  the  case,  it  is 
quickly  covered  by  the  iris,  which,  after  the  escape  uf  the  aqueous 
humor,  is  driven  forward  as  far  as  the  cornea.  In  this  way  it  becomes 
possible  for  the  anterior  chamber  to  be  restored  within  a  very  short 
time,  although,  to  bo  sure,  the  iris  at  the  site  of  the  i)erforation  re- 
mains permanently  connected  with  the  cornea.  If  the  perforation  is 
quite  small,  the  iris  »imitly  ajiplics  itself  to  it  from  behind  and  there 
becomes  solidly  adherent.  lu  case,  however,  the  perfuratioa  is  larger, 
the  iris,  as  a  rule,  is  driven  ^ 

into  it  by  the  escaping  aque- 
oa»  humor,  and  thus  a  pro- 
hpKif  or  lirrnia  of  the  iris  is 
produced  (l''ig.  34).  This  is 
representetl  by  a  hemispherical 
prnmiuence  which,  while  re- 
i-ent,  has  the  gray  or  brown 
color  of  the  iris.  Soon,  how- 
ever, this  color  is  changed  be- 
cause of  a  layer  of  gray  exuda- 
tion (p,  Fig.  34)  which  covers 
the  prola])se  like  a  cap,  and 
may  be  removed  with  a  for- 
C5ep8.  When  the  prolapsetl 
portion  of  the  iri.s  is  mxirh  stretched,  the  proper  color  of  the  iris  is 
lost  and  the  prolapse  looks  black,  because  of  the  retinal  pigment  on 
it«  posterior  surface,  which  appears  through  the  thinned  stromal.  This 
is  particularly  often  the  rase  in  large  prolapses  of  the  iris.  The  extent 
of  the  prolapse  of  the  iris  is  proportional,  first  of  all,  to  the  size  of 
the  perforation.  In  the  worst  cases  the  perforation  may  comprise 
the  whole  cornea,  which  has  suppurated  throughout;  in  that  case  the 
iris  prolapses  through  its  entire  extent  {total  prolapse  of  the  iris,  Fig. 


PlO.  S4.— PABTrAL  PllOtAPSS  or  TBI  lUB. 
SCBKMATIO. 

Th4>  iriii,  which  (fiUiiclcvned  hy  the  prooewof  tnflltrm- 
tioii.  rimI  I»  rovenMl  on  It»  anterior  and  p<-«t<»rior 
eurfoif  by  thi-  t?ni<latt',  »,  «•,.  rtaf»  up  b««twf<>n 
tb«  shnrj)  "li:<'n  of  tlio  mur^rinH  i:ir  thi-  iwrfor»- 
lluu,  vthii'b  »n-Htill  inllltratwJ.  IVripht-rally  fn>ni 
tile  pniUi»»'  111''  irw  is  afvpniximat».-«!  l.>  »h«-  iv>r- 
OttL,  altboußli  btri-  A  rvniuiuil,  c,  of  tlie  antt-riar 
I'NltPh*'  BtUI  fxiBt«. 
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Fio.  35.— Total  Phoupsb  of  thb  Iais. 

ScHEMATtO. 

Only  thi>  marülnnl  portioiw.  c.  of  the  cornea  «r*  pre- 
MTvitl.  atiil  tlifSf  aiv  still  partinlC^  inflitrsled. 
Bf  iM-neii  tlieni  biil|fi>«  the  iris,  vrhii'h  is  driven 
KtroiiKly  fornarii  autl  wlik-h  euiiHeqiiftitly  Is 
thirmed  i><:>  Ihat  llii-  piKineliT,  i,  uixili  IW  poB- 
tfriur  üui-fjU'f  Hhiui-M  throntrh  it  niiil  jcivt»«  Out 

(irolnjw  n  lilackl.sh  hin-.  Tlio  pup''-  ;'•  '*  '.'•liis^") 
)V  (1  nwiiiliriint*.  The  spaiH-,  h.  l>etwe«?n  the  iris 
aiid  the  It-nu  Is  the  eularKt'd  ixjsttTior  i-hAiiilier 
0(  llie  ftiUfrinr  cliaiiitK'r  milv  tlu»  sliallow,  slit- 
likc,  annular  npaoii,  r.  i»  It'ft.  This  uii  Ioiievt 
coiiiniunk-nl«.«  ntiywbtTf  wllli  the  postenur 
chanibiT  iisiH-lusio  iJupiUie). 


35).  TJic  pupil  is  then  generali}^  closed  up  by  a  plug  of  exudation 
{p).  But  tliü  way  in  which  the  prohipse  oocurs  hm  aUo  an  iiiHucüco 
upon  ita  size.  If  the  perforation  takea  place  with  great  force  (e.  g.» 
P  while  the  patient  is  straining 

hard),  or  if  the  patient  behaves 
in  a  restless  manner  after  it 
has  taken  })lace,  a  relatively 
larger  portion  of  the  iris  will 
be  driven  into  the  perfora- 
tion. 

The  cicatrhnlion  of  o  cor- 
neal ulcer,  which  is  associated 
with  a  prolapse  of  the  iris, 
occurs  in  the  following  man- 
ner, if  the  prolapse  is  left  to 
itself :  The  prolapsed  iris  in 
the  first  place  becomes  solidly 
agglutinated  to  the  walls  of 
the  opening  cau&ed  by  the 
rupture,  and  wherever  it  is 
exposed  it  is  converteti  by  iufianimation  into  a  sort  of  granulating 
tissue,  80  that  the  prolapse  soon  loses  the  color  of  the  iris  aud  becomes 
grayish-red.  Subsequently  there  develops  from  the  proliferating  tissue 
uf  the  iris  cicatrieitd  tissue,  which  tirst  becomes  visible  under  the  form 
of  isolated  gray  ban<i.s.  By  the  contraction  of  these  latter,  constric- 
tions are  fornted  upon  the  surface  of  the  prolapse.  As  the  formation 
of  theeic4»trix  proceeds,  these  bunds  become  broader,  fuse  together,  and 
render  the  prohipse  constantly  flatter  and  flatter.  Ilence  in  favorable 
cases  the  process  terminates  in  the  formation  of  a  flat  cicatrix  situated 
at  the  level  of  the  rest  of  the  coi-nea,  and  at  the  site  formerly  occupied 
by  the  bulging  prolapse.  As,  therefore,  this  cicatrix  is  mainly  a  por- 
tion of  iris  which  has  become  cicatricial,  the  portion  of  the  iris  re- 
maining in  the  anterior  chamber  naturally  is  solidly  united  to  it.  Such 
an  adhesion  of  the  iris  to  a  corneal  cicatrix  is  culled  an  (inferior  syne- 
chia* 

Owing  to  the  fact  that  the  iris  is  drawn  forward  to  the  scar,  the 
pupil  loses  its  round  shape  and  is  drawn  in  toward  the  site  of  the  adhe- 
sion (cf.  Fig.  163).  To  what  extent  this  is  the  case  depends  upon 
where  the  perforation  is  situated  and  wluit  part  of  the  iris  is  prolapsed. 
In  peripherally  situated  ulcers,  it  is  a  jwrtioii  tif  llie  oiliary  zone  of  the  iris 
that  prolapses  into  the  corneal  wound.  In  this  case  the  jmpil  is  drawn 
strongly  toward  the  site  of  the  perforation ;  it  has  the  shape  of  a  pear. 


*  Fr<)tn  <rv»ix»i',  to  connect.     Tiio  term  IctK'ntim  adhirrcns  (from  \twtii,  white) 
is  nlso  employed  to  denote  a  cicatrix  of  the  cornea  with  anterior  synechia. 
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the  sharp  end  of  which  is  directed  toward  the  site  of  the  synechia.  If 
the  perforation  is  situated  near  the  center  of  the  cornea,  tlic  pupillary 
portion  of  the  iris  becomes  cngnge<l  in  it  in  healing  (Fig.  34),  and  iji 
this  case  the  distortion  of  the  pupil  is  slight,  or  entirely  absent.  If  the 
perforation  is  so  large  that  the  entire  pupillary  margin  of  the  iris  is  in- 
volved in  the  prolapse  and  becomes  attached  to  the  cornea  in  healing, 
the  pupil  is  permanently  closed  by  the  cicatrix  that  is  formed ;  there 
Are  produced  occlusio  and  seclusio  pupilla?,  together  with  their  de- 
Btructive  consequences. 

In  the  healing  of  large  perforating  ulcers  of  the  cornea,  the  shrink- 
ing of  the  cicatricial  tissue  is  often  so  great  that  the  corneal  cica- 
trix appears  flattened  when  compared  with  the  normal  curvature  of 
the  cornea.  This  flattening,  moreover,  may  extend  beyond  the  cica- 
tricial spot  to  the  portion  of  the  cornea  which  is  still  transparent,  and 
which  in  that  case  becomes  flatter  over  its  whole  surface  (applanatio 
eorneip).  If  the  cornea  has  been  entirely  destroyed  by  sujjpuration, 
80  that  a  total  prolai)so  of  the  iris  has  developed,  the  latter  ulti- 
mately becomes  reduced  to  a  small  and  perfectly  flat  cicatrix,  which 
appears  iu  place  of  the  cornea  {phthms  corneir).  The  distinction  be- 
tWMa  applanatio  and  phthisis  of  the  cornea  is  as  follows:  In  the 
former  the  cornea  is  still  present,  although  it  is  iu  part  cicatricial^  and 
thns  as  a  whole  is  flattened.  In  the  latter,  on  the  other  hand,  nothing 
of  the  cornea  is  left  except  a  very  narrow  marginal  rim,  which  gen- 
erally withstands  the  destructive  process  of  ulceration.  The  flat 
cicatrix  which  takes  the  place  of  the  cornea  is,  in  this  case,  the  cica- 
trizetl  iris. 

The  healing  of  a  prolapse  of  the  iris  with  ihe  fonnaiion  of  a  flat 
cicatrix  must  be  regarded,  even  though  the  latter  is  opaque,  as  a  rela- 
tively favorable  outcome  of  a  large  corneal  perforation.  Such  an  eye, 
of  course,  is  seriously  impaired  as  regards  its  function,  but  yet,  after 
the  process  has  run  its  course,  it  remains  in  a  state  of  quiescence,  and 
generally  causes  its  owner  no  further  trouble.  The  case  is  dilfercnt 
wheu  healing  takes  place  with  the  formation  of  an  ectatic  cicatrix. 
This  occurs  in  the  following  manner:  The  prolapsed  iris  becomes  cov- 
ered with  cicatricial  tissue,  but  this  is  not  strong  enough  to  effect  the 
flattening  of  the  prolapse.  Hence  the  latter  becomes  consolidate<l  in 
its  original  form  as  a  protrusion,  and  is  converted  into  an  ectatic  cica- 
trix with  inclusion  of  the  iris  {.staphyloma  cornea).  A  large-sized  per- 
foration-opening and  restlessness  of  tiie  patient  favor  the  formation  of 
such  an  ectasis.  Whenever  a  prolapse  of  the  iris  has  become  so  exten- 
sive that  it  is  constricted  by  the  margin  of  the  i-K?rforation,  and  hence 
has  acquired  a  mushroom  shape,  the  formation  of  a  flat  cicatrix,  with- 
out artificial  aid,  becomes  altogether  impossible. 

If  the  {lerforation  iu  the  cornea  is  not  in  front  of  the  iris,  but  lies 
in  the  region  of  th^  pupil^  it  can  not  be  covered  by  the  iris.     It«  occlu- 
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ston  in  this  instance  takes  place  more  slowly  by  an  outgrowth  of  now- 
formed  tissue  (cicatricial  tissue)  from  the  margins  of  theoi^ening,  until 
the  opening  is  filled  up.  In  such  a  case  the  anterior  chamber  remains 
absent  for  a  somewhat  longer  time,  and  meanwhile  the  lens  Is  in  con- 
t-act  with  the  posterior  opening  in  the  cornea.  The  lens  may  bear  away 
permanent  marks  of  this  contact,  most  frequently  in  the  form  of  a  cir- 
cumscribed opacity  at  its  anterior  pole  (anterior  capsular  cataract;  see 
§  yO).  If  during  cicatrization  the  delicate  membrane  occluding  the 
opening  is  rej>eatedly  ruptured  (which  generally  occurs  from  improper 
behavior  on  the  part  of  the  patient),  the  j)erfon»tion  may  at  length  re- 
main permanently  open,  and  ajlslitla  of  the  cornea  is  formeil.  This 
aj)pears  under  the  guise  of  a  small  dark  |)oint,  surrounded  by  whitish 
cicatricial  tissue ;  the  anterior  chamber  is  absent,  the  eye  is  soft.  If 
the  fistula  of  the  coniea  persists  for  a  long  time,  the  eye  gradually  per- 
ishes. The  cornea  flattens  out,  the  eye  grows  softer  and  softer,  and  at 
length  goes  blind  from  detachment  of  the  retina.  On  the  other  hand, 
as  soon  as  the  fistula  closes  np,  an  increase  of  tension  is  apt  to  set  in, 
that  may  lead  to  a  renewed  rupture  of  the  occluding  substance,  which 
is  still  but  slightly  resistant.  An  alternation  of  this  sort  between  an 
open  fistula  with  softness  of  the  eyeball,  gradual  closure  of  the  fistula, 
and  a  consequent  steady  increase  of  pressure  until  the  cicatrix  ruptures 
anew,  may  be  rcijcated  for  a  long  time,  until  finally  a  severe  inllunimu- 
tion  occurs,  which  leads  to  the  atrophy  of  the  eye,  and  thus  puts  an 
end  to  the  process. 

Other  bad  consequences  of  perforation  of  the  cornea,  which  are 
sometimes  observed,  are : 

(a)  Luxation  of  the  Lens. — After  the  escape  of  the  aqueous  humor, 
the  lens,  to  roach  the  cornea,  must  be  pushed  forward  through  the  entire 
depth  of  the  anterior  chamber  (2'5  millimetres),  a  movement  associated 
with  a  considenible  dcjirroe  of  stretching  of  the  zonula  of  Zinn.  If  the 
forward  movement  takes  place  very  suddenly,  or  if  the  fibers  of  the 
zonula  have  been  rendered  fragile  by  disease,  the  zonula  ruptures.  In 
consequence  the  lens  may  assume  an  oblique  popilion,  or,  if  the  per- 
foration is  large  enotijjh,  may  even  be  expelled  from  the  eye. 

(b)  Intra-ocuhir  hiemorrhaycs  are  the  result  of  the  rapid  diminu- 
tion in  tension,  by  virtue  of  which  an  increased  quantity  of  blood  flows 
into  the  vessels  nf  the  interior  of  the  eye,  which  have  been  thus  sud- 
denly relieved  of  extraneous  pressure, and  causes  their  rupture.  Ila'm- 
orrhage  takes  place  if  the  perforation  occurs  very  suddenly,  or  If  tho 
eye  beforehand  was  under  an  abnormally  high  tension.  The  latter  is 
the  case  in  ghincomatous  and  staphylomntous  eyes,  in  which,  further- 
more, there  is  generally  also  a  degeneration  of  the  vessels  associated 
with  an  increased  fragility  of  their  walls.  Tlie  h;emorrhage  may  be  so 
groat  that  the  entire  contents  of  the  eyeball  are  extriidc<l  by  reason  of  it ; 
nay,  more,  the  patient  may  almost  be  in  danger  of  bleeding  to  death. 
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(<•)  Suppnrulion  sUirting  from  the  corueo  may  Ik?  carritü  over  into 
tlie  deeper  parts  of  the  eye  and  lead  to  the  destruction  of  the  latter  by 
purulent  irido-cyditis,  or  even  by  panophthnlmili».  Tliia  occurs  prin- 
cipally in  tho  case  of  extensive  destruction  of  the  cornea,  especially  if, 
•t  the  same  time,  the  suppuration  is  of  a  jiartictilarly  virulent  character, 
OS  in  acute  blennorrha-a  or  in  abscess  of  the  cornea. 

The  Glearing  of  Corneal  Cicatrices.— The  cicatrix,  remaining  after 
an  uKer,  appeaij»  after  a  Kmg  limu,  as  after  niontlis  or  years,  less  large 
and  less  opaque  than  it  was  directly  after  tho  healing  of  the  ulcer  was 
ojmplctcd;  tho  cicatrix  has  partially  **  cleared  up."  In  this  way  quite 
^mull  cicatri<»os  may  become  altogether  invisible.  Tho  extent  to  which 
clearing  lakes  place  depends  principally  ujwn  two  circumstances  :  upon 
the  thickness  of  tlie  cicatricial  tissue  and  upon  the  age  of  the  indi- 
vidual. Tho  deej>er  the  cicatrix  penetrates  into  the  cornea,  tho  less 
it  clears  up;  perforating  cicatrices  of  the  cornea,  if  they  are  ever  so 
«mail,  remain  permanently  opaque.  (A  fine  exani])le  of  this  is  afforded 
by  the  punctures  which  the  discission  needle  makes,  and  which  remain 
visible  as  gray  points  upon  the  cornea  all  during  life.)  The  age  of  the 
individual  influences  the  process  of  clearing,  in  that  the  latter  makes 
greater  mivances  the  younger  the  patient  is.  For  this  reason  cicatrice« 
after  blennorrh«'a  neonatorum  often  clear  up  in  a  wonderful  way. 

36.  Etiology. — With  reference  to  their  etiology,  all  iullaramationfl 
of  the  cornea  may  be  divided  into  two  great  groups:  primary  and  sec- 
ondary keratitidcs.  By  tho  former,  we  understand  those  which  have 
their  starting-point  in  the  cornea  itself;  by  the  latter,  on  the  controry, 
those  which  liave  pa.«*sed  over  to  the  cornea  from  other  structures,  and 
roost  frequently  from  the  conjunctiva.  This  distinction,  true  with  re- 
gard to  keratitis  in  general,  ia  especially  so  with  respect  to  ulcers  of  tho 
cornea. 

Primary  ulcers  of  the  cornea  most  frequently  owe  their  develop- 
ment to  traumatism.  Under  this  head  belong  not  only  injuries  in  the 
narrower  st^nse  of  the  word,  but  alsw>  a  lesion  of  the  cornea  by  mc^ns 
of  small  foreign  bodies,  by  faultily  placed  cilia,  by  papillary  growths 
on  the  free  border  of  the  lids,  etc.  Ulcers,  furthermore,  develop  from 
corneal  abacesses  when  the  anterior  wall  of  the  latter  is  destroyed  by 
tnpparation,  and  also  form  after  the  separation  of  eschars  produced  by 
burns  or  the  action  of  caustics.  Other  ulcers  are  de})endent  upon  a 
disturbance  in  the  nutrition  of  the  cornea,  as  the  ulcers  in  eyes  with 
absolute  glaucoma  where  the  cornea  has  become  insensitive,  or  ulcers 
which  develop  in  old  cicatrices  of  the  cornea  (atheromatous  ulcers). 

Secondary  ulcers  are  the  results  of  an  atTection  of  tho  conjunctiva. 
All  inflammations  of  the  conjunctiva  may  l>e  complicated  with  inflam- 
mations of  the  cornea;  and  in  severe  inflammations  of  the  conjunctiva, 
äs  in  acute  blennorrhcea  and  diphtheria,  this  is  quite  the  nde. 

The  direct  caoso  of  the  formation  of  ulcers  in  the  cornea,  accord- 
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ing  to  the  present  views  regarding  suppuration,  is  to  be  looked  for 
in  the  majority  of  cases  in  the  entrance  of  micro-organisms  into  the 
tissue  of  the  cornea.  Wo  may  have  to  do  in  this  case  either  with 
speciQc  organisms,  as  in  the  case  of  acute  blennorrhoea,  or  witli  the 
ordinary  pus-cocci  (principally  the  Staphylococcus).  The  hitter  are 
always  found  in  the  secretion  of  a  conjunctiva  affected  with  catarrh. 
If,  now,  through  a  slight  traumatism  of  any  sort,  the  protective  epithe- 
lial covering  of  the  cornea  is  injured  at  some  spot,  the  door  is  opened 
for  the  entrance  of  cocci  into  the  tissue  of  the  cornea.  In  this  way 
are  to  be  cxphiiui-d  the  small  corneal  ulcers  which  occur  so  frequently 
in  old  people,  and  which  are  referred  to  the  impact  of  dust,  etc.,  upon 
the  eye.  So  slight  an  injury  would,  in  a  normal  eye,  heal  in  a  very 
short  time,  without  leaving  a  trace  beliind.  But  if  a  chrotiic  conjunc- 
tival catarrh  is  at  the  same  time  present,  the  small  wound  becomes  in- 
fected by  the  secretion  of  the  conjunctiva,  and  consequently  an  ulcer 
develops.  In  people  of  the  working-class  ulcers  of  the  cornea  occur 
much  more  frequently  than  among  the  well-to-do  classes,  because  they 
very  often  suffer  from  neglected  chronic  catarrhs,  and  at  the  same  time 
very  frequently  render  themselves  liable  to  injuries  of  the  cornea. 

Treatment. — Ulcers  of  the  corn^^a  are  very  amenable  to  pro]>er  and 
energetic  treatment.  They  hence  in  general  afford  a  favorably  prog- 
nosis if  they  come  under  treatjnent  early;  in  the  great  majority  of 
cases  it  is  possible  to  put  a  stop  to  their  progress,  and  produce  n-gular 
cicatrization.  The  treatment  varies  according  to  the  stage  in  which 
the  »deer  conies  under  treatment. 

(a)  Recent  ulcers  that  are  still  foul  (progressive)  require,  most  of 
all,  the  consideration  of  the  cauxaf  indication.  In  traumatic  ulcers 
any  foreign  bodies  that  are  still  present  must  in  every  case  be  removed. 
(liija  which  are  dirt-ctcd  against  the  cornea  must  be  epilated ;  papillo- 
nmta  of  the  edges  of  the  lids,  when  causing  trouble  in  the  cornea,  must 
bo  removed.  In  the  numerous  csisea  in  which  the  ulcer  of  the  cornea 
is  cJUised  by  a  conjunctival  lesion,  the  treatment  of  the  latter  forms,  as 
n  rule,  the  most  important  part  of  our  therapeutics,  and  under  it, 
moreover,  the  idi'cr  arlvances  towjird  recovery.  Hence,  in  corneal 
ulcers  resulting  from  catarrh,  trachoma,  or  acute  blennorrhtea  of  the 
cKinjunctiva,  we  must  by  no  means  desist  from  cauterizsttion  of  the 
latttM*,  if  it  Ih  required  by  the  conjunctival  trouble.  The  only  precau- 
tion that  must  be  observed  is  that  the  caustic  application  should  not 
c>um0  into  «^ont^ict  with  the  cornea  itself — a  contingency  which  can  be 
Avoided  by  carefully  washing  off  from  the  conjunctiva  any  excess  thatj 
may  be  prosent.  Furthermore,  we  should  cauterize  with  the  silver  solu* 
tion  ludy.and  not  witli  the  copper-stick,  which  is  too  irritating,  and  still 
\v4ä  with  the  acctjvte  (»f  ki»d,  which  might  lead  to  the  formation  of  in- 
orutt^iliunH  of  lead  upon  the  cornea.  Moreover,  as  long  as  progressive 
uU^r«  uro  present  in  the  cornea,  no  irritating  coUyria,  such  aa  the  col- 
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lyrinm  adstringens  luteum  and  the  like,  should  be  instilled,  as  they 
wonld  then  come  into  oontaot  with  the  cornea. 

The  indiculio  morbi  reqnirea  in  most  cases  the  application  of  a 
bandage.  Bandages  are  distinguished  into  protective  bandages  and 
pressure  bandages,  according  as  they  are  applied  lightly  or  firmly.  In 
recent  ulcers  »  sim^Xt}  protective  bandage  is  siiftieient.  Tlit»  object  of 
this  is  to  keep  the  lid»  closed  and  at  rest  without  exerting  any  press- 
ure upon  the  eyeball.  The  imniobüizaiion  of  the  lids  acts  chiefly  to 
prevent  t)ie  floor  of  the  ulcer  from  being  swept  by  the  li<ls  with  every 
movement  of  winking,  which  would  give  rise  to  constant  irritation  of 
the  ulcer,  and  also  to  pain  through  contact  with  the  nerve-fibers  lying 
exposed  in  it.  Hence  the  pains  are  sometimes  cut  short  at  onco  by  the 
application  of  a  proper  bandage.  The  bandage  acts  also  to  protect  the 
ulcer  from  dust.  The  dust  which  is  always  falling  upon  the  cornea  is 
continually  carried  off  by  the  movements  of  the  lids;  but  in  the  de- 
pression which  constitutes  the  ulcer  it  is  not  reached  by  the  lids  as 
they  sweep  over  it;  it  consequently  remains  lying  where  it  is,  and  may 
infect  the  ulcer.  The  bandage,  as  a  rule,  is  to  be  kept  on  until  the 
ulcer  getij  to  be  clean  and  becomes  lined  with  an  epithelial  covering 
which  protects  the  cornea  against  exterior  influences.  When  the  floor 
of  the  ulcer  is  thinned  and  .shows  a  tendency  to  bulge,  the  u.«e  of  the 
bandage  must  bo  kept  up  until  the  freshly  formed  cicatrix  is  sullioiently 
strong  to  offer  resistance  to  the  intra-ocular  pressure. 

A  contra-indication  against  the  bandage  is  furnished  by  a  profuse 
secretion,  because  the  latter  would  bo  rebiined  in  the  conjunctival  sao 
by  the  closure  of  the  lids,  and  would  remain  in  constant  contact  with 
the  ulcer.  For  this  reason,  in  ulcers  resulting  from  conjunctivitis  the 
bandage  must  be  very  often  dispensed  with.  In  quite  small  ohihlren, 
also,  the  bandiigc  is  generally  useles.s  since  it  eoon  gets  displaced  ;  and 
a  bjully  aj)plie*l  bandage  is  more  hurtful  Ihan  to  have  the  eye  remain 
open. 

Next  to  the  bandage  atrnpin»  }>Iay8  the  most  important  part  in  the 
treatment  of  ulcers.  It  combats  the  inflammation  of  the  iris,  hence 
diminijshes  the  general  state  of  irritation,  and  so  reacts  favorably  upon 
the  ulcer  itself.  It  must  be  instilled  as  often  as  is  necessary,  in  order 
to  keep  the  pupil  steadily  dilated,  With  these  two  remedies  alone — 
the  bandage  and  atropine — we  attain  our  object  in  light  cases.  For 
those  ulcers,  however,  which  from  the  purulent  hiie  or  from  the  strong 
tnflltration  of  their  surrounding  jtarts  show  a  mp'uWy  proffvexKivn  char- 
.«cter,  we  must  employ  still  other  remedies.  These  are,  moist  warm 
compresses,  iodoform,  the  actual  cautery,  ami  paracentesis  of  the  an- 
terior chamber. 

Moist  loarm  compreftiteH  are  made  by  tiking  a  very  light  linen  cloth 
folded  several  times,  which  simply  covers  the  closed  eye  without  press- 
ing upon  it  by  its  weight.     Before  being  applied,  this  is  dipped  in  ho* 
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water  and  then  well  wrung  out;  and  it  must  be  changed  frequently  in 
order  to  be  coustitntly  wiirni.  The  warm  compresses  are  applied  every 
day  for  an  hour  or  more,  and  the  dressing  must  be  left  off  eaeli  time 
for  the  same  period.  Very  finely  powdered  iodn/onn  may  be  sprinkled 
upon  the  ulcer  itself-  If  in  «pite  of  these  renjcdtes  the  ulcer  is  evi- 
dently spreading,  we  must  proceed  to  the  operation  of  afuieriziuff  the 
ulcer  by  means  of  the  actual  cautery  (Gayet).  For  this  purpose  we 
U80  a  small  8hari)-pointed  cuulery-iron,  or  the  galvano-cautcry  loop,  or 
Pacquclin's  therrao-cnntery.  With  one  of  these  instrnments  the  nicer 
i«  cauterized  wherever  it  shows  a  gray  coating.  In  the  case  of  exten- 
sive ulcers  it  is  not  necessary  to  cauterize  the  entire  ulcerating  surface, 
but  it  is  sufficient  to  destroy  the  most  infiltrated  portion  of  its  margin, 
at  which  an  advance  of  the  ulcerative  process  is  to  be  expected.  In  per- 
forming the  cauterization  we  make  the  cornea  insensitive  by  the  repealed 
instillation  of  a  five-per-eeut  solution  of  hydrochloride  of  cocaine. 

Another  potent  remedy  for  combating  rapidly  Hjireading  ulcers  is 
parwenttsis  of  the  anterior  chamber  (for  the  nietliod  of  its  perform- 
ance see  the  section  of  operationsi,  5J  15.'»).  PeojjJe  were  led  to  do  this 
operation  by  observing  that  ulcers  after  spontaneous  perforation  gen- 
erally went  on  to  heal  rapidly.  In  a  similar  manner,  artificial  perfora- 
tion— i.  e-,  puncture  of  the  cornea — performed  early,  prevents  the  ex- 
tension of  the  ulcer  and  its  threatened  rupture.  Why  should  we  not 
wait  until  the  ulcer  spontaneously  perforates  the  cornea?  Because  in 
the  mean  time  the  ulcer  keeps  enlarging  superficially  and  thus  would 
produce  a  more  extensive  opacity»  «mJ,  furtliermore,  because  after  ulcer- 
ative perforation  of  the  cornea,  ii  prolapse  of  the  iris  almost  always 
develops,  leading  to  the  furmatiou  of  nu  anterior  synechia,  while  with 
a  properly  performed  puncture  this  is  not  the  case. 

If  perforation  is  imminent,  and  we  prefer  not  to  bring  it  about 
artificially  by  puncture,  we  take  care  to  have  the  patient  kept  (piiet — a 
thing  best  done  by  making  him  lie  in  bed,  in  order  tliat  the  perforation 
may  take  place  slowly,  and  that  as  little  as  pos.'sible  of  the  iris  may  be 
driven  into  the  oj)ening. 

(//)  When  pfr/ontfion  of  the  cornea  bus  taken  place,  treatment  has 
to  aim  at  tlie  following  objects  :  in  the  iirst  place,  that  the  iris  shall 
not  adhere  to  the  cornea,  or  at  least  shall  do  so  to  the  smallest  possible 
extent;  in  the  second  place,  that  a  firm  and  flat  (not  ectatic)  cicatrix 
shall  be  formed.     The  two  ob]fct.s  are  attained  n»  follows: 

1.  If  the  perforation  is  small  the  iris  does  not  prolapse  into  it,  but 
simply  becomes  applied  to  its  posterior  orifice.  In  such  cases,  rest,  a 
bandage,  and  utroiiitic  suffice  fur  the  treatment.  There  l!ieJi  remains 
only  a  punctiform  adhesion  of  the  iris  to  the  corneal  cicatrix,  and  this 
is  often  subsequently  drawn  out  into  a  thin  filament.  In  ]>articularly 
favorable  cases  no  anterior  syneclua  at  all  may  hu  produced;  for  in- 
stance, if  the  iria,  before  it  has  become  firmly  adherent  to  the  site  of 
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perforation,  is  pushed  away  from  it  by  tlie  reaccumulating  aqueous 
humor. 

2.  If — in  the  case  of  a  prolajiso  of  greater  size — the  iria  has  pro- 
lapsed, it  should  be  excised.  A  replacement  of  the  iris  into  the  anterior 
chamber  (reposition)  is  iu  most  cases  impossible  of  performance,  and, 
even  if  it  siiould  succeed,  would  have  no  lasting  results,  since  tiiu  iris 
would  contitmully  prola[)8e  again.  For  the  performance  of  e.ccision  wo 
first  make  the  cornea  insensitive  by  means  of  coc^iine.  Then  with  a 
sharp-pointed  instrument  (conical  sounil)  we  scpjinite  on  all  sides  tbe 
adhesions  of  the  prolapse  to  the  oritloe  of  perforation,  draw  the  iris  as 
far  as  possible  out  of  the  wound  with  the  forceps,  and  snip  it  off  close 
to  the  com ea  (Leber).  If  the  operation  has  been  successful,  the  iris 
ought  no  longer  to  be  attached  anywhere  to  the  margin  of  tlie  aper- 
ture; on  the  contrary,  there  should  be  a  coloboma  of  the  iris  with  free 
pillars,  as  after  a  regular  iridectomy.  Iu  this  way  we  obtain  a  firm 
cicatrix  without  inclusion  of  the  iris. 

Tlie  performance  of  excision  is  possible  only  in  recent  prolapses 
(prolapses  a  few  days  old),  as  afterward  tbe  prolapsed  iris  becomes 
»o  solidly  a<lherent  to  the  margins  of  the  perforation  tiiat  a  seiiaration 
of  the  iris  from  the  latter  is  no  longer  fejisible.  .Similarly  it  is  not  to 
be  recommended  in  the  case  of  a  very  large  perforation.  In  these  two 
case« — i.  e., 

3.  In  old  or  very  extensive  prolapses  of  the  iris  we  abstain  from  re- 
leasing the  iris  from  the  cornea;  wo  conQne  ourselves  to  the  attempt, 
to  transform  tbe  prolapse  into  a  firm  and  flat  cicatrix.     In  many  cases 

pressure  bandage  applied  for  a  long  time  accomplishes  this  end.  If 
we  can  not  attain  our  object  in  this  way,  as  is  particularly  the  case 
when  the  prolapse  is  constricted  at  its  bitse  like  a  mushroom,  we  must 
produce  flattening  of  tbe  prolapse  by  repeatedly  puncturing  it  or  by 
excising  a  small  fmrtion.  In  the  case  of  a  very  bulging  total  prolapse 
of  the  iris,  it  is  advisable  to  split  it  transversely,  and  then,  after  open- 
ing the  anterior  capsule,  to  expel  the  lens.  If  there  is  a  remnant  of 
sound  cornea  left  broad  enough  for  tho  performance  of  an  iridectomy, 
this  operation  is  an  excellent  means  for  securing  the  formation  of  a 
flat  cicatrix. 

4.  In  kernUtcdfy  the  maintenance  of  rest,  the  application  of  a  band- 
age, and  ultimately  the  puncture  of  the  protruding  vesicle,  are  em- 
ployed. 

5.  In  fistuln  of  ths  cornea,  in  order  to  effect  it«  closure,  everything 
must  bo  avoided  tbat  might  temporarily  increa.se  the  ocular  tension,  and 
thus  force  the  iistula  open  again  just  as  it  is  closing.  For  this  pur- 
pose we  order  rest  in  bed,  with  the  application  of  a  light  bandago  to 
both  eyes,  while  at  the  same  time  we  instill  a  miotic  (oserine  or  pilo- 
carpine, see  g  <!.*>)  in  order  to  diminish  the  pressure  in  the  anterior 
ohambor.    An  iridectomy  has  a  very  good  effect,  but  this  can  be  per- 
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formed  only  when  the  untorior  chamber  has  been,  at  least  to  some  ex- 
tent, roetorcil.  llefreshing  of  the  edges  of  the  ti^itulu  by  means  of  cau- 
terization iü  also  employed,  but  \h  not  without  danger. 

(f)  Tho  treatment  of  ulcers  in  the  regressive  period,  or 7?fri"or/  of 
cicat rizatiofiy  »houUi  aim  at  having  the  loss  of  substance  coniplctclj^ 
filled  with  a  rcsisUuit  cicatrix,  and  at  having  the  latter  rendered 
transparent  as  possihle.  For  t lie  attainment  of  both  ol»jeot8  irritants 
are  employed.  W«  begin  cautiously  with  tlie  weaker  remedies,  passing 
gnuhudiy,  if  tlioso  are  well  borne,  to  the  stronger  ones.  One  of  the 
nji!dt!st  of  irritants  ia  powdered  calomel ;  more  energetic  is  the  action 
of  the  yi'llow-procipjtato  oiutmont  (from  one  to  four  per  cent),  the 
coUyrium  adstriugens  luteum,*  and  tinctura  opii  crocata.f  In  apply- 
ing tho  yellow-profipiLatt.i  ointment,  wo  distribnto  it  through  the  con- 
junctival sac  by  rubbing  it  ubont  with  the  upper  lid — in  doing  which 
we  at  tho  same  time  perform  a  sort  of  massage  upon  the  clouded  cor- 
nea. Another  irritant  remedy  that  is  recommended  is  vajiorization — 
that  is,  tho  application  of  hot  vapor  (of  water  cither  alouo  or  with  the 
addition  of  irritant  fluids)  to  the  cornea  by  means  of  an  atomizer,  such  aa 
is  employed  for  inhalation.  It  is  advisable  to  continue  the  application 
of  these  irritants  for  a  long  time  in  oitler  to  secure  the  greatest  possi- 
ble clearing  up  of  the  cornea,  but  in  so  doing  tho  remedies  must  be 
ehanged  fnjm  time  to  time,  as  utherwise  the  eye  gets  accustomed  to 
thom  and  they  lose  their  etiicacy. 

Ulcer»  of  the  ronw-n  are  amnnsT  thi^  most  fn-qucnt  affections  of  theejH,! 
■|H*cial  si^nitlcance  attaches  to  ttieni  lx;cause  the  opaeitiejj  that  they  leave  very^ 
often  impair  ttie  sight.     Ulcers  of  the  ennica,  if  we  except  those  resulting  from 
conjunctivitis  lymphatics,  an.*  found:  much  more  frequently  in  adults,  and  espe-^ 
iiiall  V  ill  elderly  f)et>ple,  than  in  children.     It  Bcenis  that  in  the  later  j'earB  i 
tif«  the  cornea  is  less  well  uourisbed,  and  is  hcuce  more  diBi)osed  to  di&intej 
IhAU  in  youth. 

The  physician  who  is  called  to  a  psUient  with  an  ulcer  of  the  cornea  must, 
nftvr  exiuniuin^  tho  eye,  haro  aci{uainted  himaelf  not  only  with  the  diagnosis 
but  Mino  the  priMjiKuia  ;  he  must  tell  the  patient  beforehand  to  what  ext«nt  his 
«i|fht  will  HulTer  pi^rmanent  impairment,  in  order  that  the  medical  treatment  may 
uot  Btilnwijuently  In?  made  accountable  for  this  loss.  The  prognosis  for  vision 
(Ivpvuds  u|>un  the  situation,  the  extent,  and  the  density  of  the  opacity  which 
llw  ulcvr  haa  left  lH."hind  it.  Small  ©{«cities,  even  when  dense,  are  grncrallj 
(•<•  injurious  to  vision  than  thow  which  are  le$»  dense  but  extensive.  It 
(mm*  Wm  «oriou!*  for  an  nicer  to  extend  into  the  depth  of  the  tissues  than  upoK* 
lb»MH)M#.  If  an  ulcer  advances  ia  the  dirtfCtion  of  the  center  of  the  cornea, 
«■HQ  allUBWtre  cause«  additiooal  injury  to  the  visioa,  while  an  extenatooi 
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I«  'l'ti#  tinctur»  opii  crocata  of  the  Austrian  Pharmaoopaia  n  laiwl«  bj  «rtnct- 
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tw  utv  )M%«^rUwia  ol  10  parts  of  the  former  to  1  part  of  the  latter.— Dl] 
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toward  the  cornoal  mar^n  is  iilmost  a  matter  of  imliffercncc.  No  further  din- 
iutojp^ratiuD  is  to  he  apjirchendfd  at  tho^e  }>ortioa8  uf  the  margin  of  the  ulcer, 
to  which  vessels  have  alreiidy  penetnitod,  and  so,  too,  a  portion  of  the  comou, 
covered  hy  pnnnus,  is  protected  against  suppuration  in  acute  blennorrhoja.  In 
every  instance  the  ulcer  in  arrested  ut  the  limbus,  as  it  never  msikes  its  way  into 
thia  or  into  the  udjactmt  sclera.  The  only  exception  to  this  is  formeil  by  those 
ulcers  which  not  iufrc^iuenlly  develop  from  the  nodules  of  conjtmctivitiH  lym- 
phatic», situated  in  the  ILmbus.  Even  oxtenHive  suppuration  of  the  cornea,  as 
in  acute  bleniiorrhcea,  abscess,  etc.,  always  leaves  a  narrow  rim  of  cornea  in- 
tact, which,  to  be  sure,  i»  often  not  of  sufficient  size  to  render  an  iridectomy 
for  the  restoration  of  vision  possible. 

Corneal  ulcers  occur  under  many  various  /amu^  some  of  which  are  well 
cbaraclerized,  jwirlly  by  their  etiology,  partly  by  their  aspect  and  course.  These 
may  be  enumerated  us  follows: 

1.  In  evTiju/u-tiritiji  hftHjihntim,  as  well  as  in  eonjunftititii  fx  ame  roMteeo, 
we  find  small,  euperticial,  generally  miLTginal  ulcers,  which,  as  a  rule,  get  wcU 
npidly.     They  arc  the  only  oue.s  that  go  over  into  the  limbus. 

2.  Tlie  vaxulir  JancKuliit  (keratitis  fascicularis)  Ls  likewise  observed  in  con- 
junctivitis Ijmphatica,  and  is  produced  by  an  ulcer  making  its  way  from  the 
margin  of  the  cornea  farther  and  farther  into  the  latter,  and  trailing  after  it  a 
leash  of  vessels  from  the  limbus  (page  86). 

8.  Catarrhal  ulcers  are  characterized  by  their  cre.wentic  shape,  as  well  as  by 
their  position  near  the  corneal  margin,  and  concentric  with  it. 

4.  In  jMHiiii»  trtwhomatotu»  small  ulcers  frequently  occur,  which  develop 
from  the  infiltration  at  the  murgin  of  the  pannus.  Sometimes  along  the  margin 
of  the  pannus  a  whole  series  of  such  ulcers  is  found,  which  also  may  coalesce] 
into  one  large  crescentio  ulcer.  Other  ulcers  develop  la  the  mid.st  of  the  pan- 
nus in  spots  where  the  inliltration  penetrates  more  deeply  into  the  cornea  and 
leads  to  ulcerative  disinlegnttion. 

C.  The  eentml,  lutn-irriUitire  ulcer  occurring  in  trachoma  develops  generally 
in  the  center  of  the  cornea.  It  i»  distiugtiishcd  by  the  absence  of  accompany- 
ing symptoms  of  irritation,  so  that  often  the  disturbance  of  vision  is  the  only 
thing  that  calls  the  fwtient's  attention  to  his  trouble.  Objectively,  the  ulcer  is 
distinguished  by  the  fact  that  even  during  the  progressive  period  it  is  but  very 
■lightly  clouded,  so  that  it  scarcely  gives  any  evidence  of  its  presence  except 
the  loss  of  substance  that  it  produces;  it  may  therefore  be  very  easily  over- 
looked if  we  do  not  examine  the  cornea  by  carefully  testing  its  reflex.  It  has  •  I 
tendency  to  fill  up  incompletely  with  cicatricial  tissue,  so  that  a  central  facet 
remains  which  causes  very  great  deterioration  of  sight  by  the  protluction  of 
irregular  a.stijjmatism. 

6.  Ulcers  in  nrutr  htmnorrhwa  and  in  iJiphtheriii  of  the  conjunetira  begin  rel- 
atively often  in  the  lower  half  of  the  cornea.  They  generally  spread  rapudly, 
and  often  lead  to  destruction  of  the  entire  civmea,  or  even  to  paiioptithal- 
tuitis. 

7.  TVnvmntie  ulcers  of  the  cornea  are,  as  a  rule,  small  and  superficial,  and 
occur  for  the  most  part  in  elderly  people.  They  are  located  in  the  zone  of  the 
cornea  timt  lies  in  the  pal|K-brnl  fissure;  the  upper  third  of  the  cornea,  wbich  is 
covcrrd  by  the  upper  lid,  therefore  generally  is  exempt  from  them.  But  be- 
sides these  ulcers,  which  run  a  rapid  course  and  ore  benign,  others  also  occur — 
usually  after  inconsiderable  injuries — which,  from  the  beginning,  give  evidence 
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(if  ffTcaU^r  nrnlignaocT,  by  having  the  yellowish  tinge  of  pus,  «nd  also  1>y  the 
fMUticularly  upuqiiv,  yellow,  and  oft4.'D  Mmcwhat  swollen  appearance  of  some 
portion  of  tlieir  insr^^in ;  thin  latter  showing  the  direction  in  which  the  ulcer 
then  rn|iiilly  udvun^es.  Moreover,  the  symptoms  of  iritis  with  hypopyon  set  in 
eiirly.  These  iiIot»  ar«^  closely  related  in  every  respect  to  abscesses  of  the  cor- 
nea, in  oonncof  ion  with  whicli  they  will  again  be  considered. 

a.  Small  rruinjirutl  ulcen»  of  tile  cornea  occur  frequently  in  elderly  people, 
Mpecially  «»f  the  male  Hex,  without  any  conjunctival  lesion  or  external  trauma- 
timn  iK'Jng  discoverable  as  their  cause,  Tlie.^  develop  with  pretty  violent  com- 
plieatioDH,  but  are  «carcely  of  the  «izc  of  a  pin's  hejid,  and  heal  rapidly  without 
|»enetrftting  deeply.  They  ore  pJuiieuLirly  troublesome  from  the  fact  that  they 
are  prune  to  recur,  so  thitt  many  people  have  to  go  through  with  attacks  of  thi.s 
kind  of  keratJtJH  one  or  mon;  times  every  year. 

W.  l/erpr»  fnntfif  ftfirili»  (rarely  also  lierpea  cornea  totter,  aee  §  42)  may  give 
riiMi  toulriTH  foriiiLMl  from  th*-  ruptured  herjKitic  vehicles».  These  have  the  prop- 
erty of  n<<t  penetrating  (]<<  ply,  hut  <»f  being  very  prone  to  spread  superficially. 
This  supirJleial  cxteuHiun  nuiy  take  place  lo  two  ways:  eithir  the  ulcer  extend« 
in  all  iJirectiont  urtiformly,  in  which  cjwe  we  have  a  large  but  (|uite  «ujtcrficial 
loMH  of  Hulmtan<'e  everywhere  surrounded  by  a  narrow,  sharp,  usually  festooned, 
gniy,  and  inriltruleil  margin,  which  pushes  its  way  farther  every  day;  or  eiten- 
aioii  take«  plnre  in  certain  direclious  only.  In  the  latter  cose,  from  the  loss  of 
mibstance,  which  originally  is  sninll,  gray  stria*  extend  on  one  side  or  more  into 
the  tranHiKtriMit  cornea,  and  grow  constantly  longer,  at  I  he  same  time  becom- 
ing fiirki'ci,  and  also  sending  out  lateral  hnincbes.  Thus  there  is  produced  in 
the  cornea  a  very  pretty  gray  figure  which  is  branched  like  a  tree,  and  often 
bean  nodular  swellings  at  the  extremities  of  its  brnncbes — kertititU  dmdritifti 
(Emrnert),  This  branched  infiltrate  breaks  down  into  an  ulcer  having  the 
fomi  of  a  deeft.  branched  furrow,  with  gray  margins  inclosing  it.  Then  this 
ulc«T  bceonicH  elea»  and  heals,  leaving  behind  it  an  opacity,  whose  branched 
form  allows  us  to  recognize,  even  some  time  afterward,  the  nature  of  the  ante- 
cedent afTcction. 

10.  U/riu  rotten*  (Mooren).  A  superficial  ulcer  develops  from  the  margin  of 
the  cornea  (usually  the  upjier  margin)  with  marked  inflammatory  compIicatiooH. 
From  the  h<iiuid  portion  of  the  cornea  it  is  limited  by  a  gray,  clouded  margin, 
which  is  evidently  undermined.  This  latter  symptom  is  characteristic  of  ulcus 
rodens.  After  a  short  time  the  ulcer  begins  to  grow  clean  ancl  to  cicatrize,  be- 
coming covered  with  vessels  from  the  limbus.  Just  when  one  supposes  the 
process  to  l>e  nearing  complete  recovery,  a  relapse  sets  in  with  a  return  of  the 
»ymptoins  of  irritation,  and  in  this  tl>e  ulcer  pu.^^hes  it«  way  forward  some- 
what farther  in  the  cornea.  So  the  disease  goes  on  with  discontinuous  attacks 
and  intervening  remissions,  until  the  ulcer  has  covered  the  entire  cornea.  The 
latter  i»  thus  everywhere  deprived  of  its  su|X'rflci8l  layers,  and  hence  remains 
permanently  cloudetl  throughout  its  entire  extent,  so  that  vision  is  very  greatly 
diminishe<l.  Perforation  of  the  cornea  in  this  affection  has  never  Ixjen  ob- 
8e^^•cd.  This  rare  disease  attacks  elderly  people,  and  not  infrequently  invadtJ 
iMith  corncje  either  simultaneously  or  in  succession.  It  wns  regarded  as  incur- 
able as  long  as  people  were  unacquainted  with  the  cauteri/ation  of  the  cornea 
by  means  of  the  actual  cautery.  If,  however,  we  destroy  the  margin  of  the 
ulivr  by  this  means,  the  ulcer  itself  is  sure  to  be  cured. 

The  va>«cu1ar  fiwciculua,   keratitis  dendritica,   and  ulcus  rodens  have  the 
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insmon  tnut  of  creeping  ainng  slowly  in  the  coroen,  for  which  reason  they  on 
also  designated  by  the  nunie  of  serjjigiuons  ulcers  of  tlie  cornea. 

11.  AtKeromaUiiu  ulcer»  (Ifvelo])  in  old  cicjitrices  of  the  curueo,  when  tho 
latter  have  undergone  dcgcnerution  through  llie  deposition  of  fut  or  lime,  or 
wlien  tiiey  are  exposed  to  niechiinioal  injuries  (as.  for  exauiplc,  when  at  the 
apex  of  a  corneal  staphylomii).  These  ulcers  torment  the  patient  by  the  fre- 
quency of  their  recurrence  und  the  tütsoeiuled  symptoms  of  irritation;  tluy  mtiy 
also  produce  [)erforation  of  ihe  cornea,  and  through  tliis  panophthalniitis. 

12.  In  ey&i  which  arc  rendered  blind  by  glaucoma  ahmlutitm^  either  puru- 
lent ulcers  or  abscesse«  of  the  cornea  may  develop.  Tliese  are  ordinarily  assy- 
cäated  with  considerable  hyiwpyon,  and  frc<piently  terminute  either  in  iH-rfora- 
tion  of  the  cornea  with  ret>u)tuut  liKuorrhage»  from  the  eyehnll,  or  in  |>uno]th- 
thalinjtis.  Like  atheromatous  ulcers,  they  are  caused  by  innufticient  nutrition 
and  innervation  of  the  cornea,  .in  insufiiciency  already  made  apparent  from  the 
ioi$en$itiveueBä  of  the  latter.  With  both  varietie«  of  ulcers,  the  enucleation  of 
the  blinded  eye  \a  sometimes  the  only  remedy  that  permanently  relieves  the 
patient  of  the  tormenting,  freiiuently  recurring  formation  of  ulcers. 

The  treatment  of  corneal  nicer»  has  very  recently  made  gri'at  prcgroRs, 
chiefly  because  of  the  intro<lt«rtion  of  eautrrUation  by  means  of  the  actual  ciiu- 
tery,  which  we  owe  principally  to  Gayet;  for  those  very  purulent  and  inüllraled, 
rapidly  progros-sive  ulcers,  in  the  face  of  which  we  were  often  powerlcM,  are 
juÄt  the  ones  that  by  this  meunn  arc  «suully  at  once  arrested.  The  application 
of  the  cautery  is  painless  when  cocaine  is  employed,  and  does  not,  as  might  be 
euppo^'d,  cause  any  marked  irritation  of  the  eye.  On  the  contniry,  after  its 
application,  the  pains  cease  instantly,  while  the  other  symptoms  of  irritation 
abate.  In  private  practice,  when  one  has  no  other  moans  to  resort  to,  the  bead 
of  a  probe  or  of  a  knitting-needle,  heated  redluit,  may  be  employed  for  cau- 
terization. The  chief  thing  is  to  make  the  cauterization  extensive  enough. 
Perforation  of  the  thinned  fl<ior  of  the  ulcer  can,  with  care,  be  ca.sily  avoided; 
•hould  it  oceiir,  however,  it  hiw  no  bad  results  beyond  what  the  jK-rforation 
Itself  gives  rise  to,  since  tl.c  hot  jioint  is  cooled  at  once  by  the  outpouring 
aqueous  humor  An  opacity  remains  f)ermanently  at  the  cauterized  ^pot;  but 
■incc  we  only  cauterize  such  places  as  would  otherwise  go  on  to  purulent  dls- 
iatogrntiun.  tlie  flnal  opacity  is  not  greater  than  it  would  have  been  in  any  case. 

Among  antiseptics,  ÜMhi/orm  dusted  in  the  form  of  a  tiue  powder  on  the 
difieosed  spot  is  of  njo.st  service;  from  other  antiseptic  remedies  I  have  seen 
no  H|xicial  results  accme.  I  must  say  the  same  of  tuerinf,  which  is  employe«! 
by  many  in  the  place  of  atropine  in  purulent  ulcers  of  the  cornea,  and  also  in 
abseeaaea  of  the  cornea;  so  far  from  doing  good,  it  seems  to  render  the  con- 
dition of  irritation  of  the  iris  still  greater,  and  leads  to  the  formation  of  numer- 
ous poaU'rior  syneehiie.  It  i.s  more  indicated  in  those  cn*es  in  which  there 
ttkbtB  Dear  the  margin  of  the  cornea  a  small  perforation,  to  the  posterior  aper- 
ture of  which  tho  iris  has  become  applied  after  the  escape  of  the  aqueous  humor. 
Hero  we  may  hope  to  pro<luce,  by  means  of  eserine.  so  powerful  a  contraction 
of  the  sphincter  iridis  that  the  iris  will  be  drawn  away  from  the  ap<'rture,  and 
thus  the  formation  of  an  anterior  synwhia  be  prevented.  <.)u  the  other  hand, 
if  Ihe  site  of  perforation  should  be  nearer  the  center  of  the  cornea,  »n  that  the 
pupillvy  portion  of  the  iris  is  np]ilied  tt>  it,  we  must  employ  atropine  in  order 
to  draw  the  iri«  from  the  opening.  If.  however,  the  iris  has  already  fallen 
through   the   opening  in   the  cornea,    so  that  a   rc^al  prolapse  cxista,    neither 
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atropine  aor  eserinc,  n«  a  rule,  is  ublc  to  release  the  iris  frnm  the  wound  and 
rt'turn  it  to  the  auterior  chamber;  in  tliid  case  excision  of  tlie  prolapse,  after 
the  method  of  Leber,  is  the  only  remedy.  For  clearing  up  corneal  opacities, 
Adler  ha«  reconunendcd  electrolysis.  The  electrodes  in  the  shape  of  two  small 
mctnllic  buttona  are  |)laced  upon  the  clouded  portion  of  the  cornea,  and  a  weak 
constant  current  is  made  to  pass  through  them.  This  procedure,  which  even 
ander  ciK^aine  is  pretty  [»linful,  is  probably  chieUy  applicable  to  quite  superficial 
opHcities. 

2.  Abscess  of  the  Cortim. 

37.  The  essential  character  of  mi  abscess  of  thct  cornea  consists  in 
the  fact  that  the  purulent  infiltrate  is  situated  in  the  deep  layers  of  the 
cornea  (Fig.  28),  so  that  by  its  disintegration  a  pus-cavity  is  formed, 
which  is  limited  both  in  front  and  behind  by  still  fiitact  lamelUw  of  tho 

cornea  («,  Fig.  30).  In  this  respect  an  ab- 
scess is  distinguished  from  au  ulcer,  in  which 
the  colleotion  of  pus  lies  open  anteriorly. 

Symptoms. — A  recent  abscess  presents  it- 
self under  the  form  of  a  grayish-while  or  yel- 
lowish disk,  which  occupies  nearly  or  quite 
the  center  of  the  cornea.  The  opacity  of  the 
disk  is  greater  at  its  edges  than  in  the  center  ; 
and  generally  the  edges  themselves  show  a 
particularly  well-marked  gray  or  yellow  opac- 
ity in  one  special  direction.  The  disk  is  sur- 
rounded by  a  delicate  gray  area,  and  fre- 
quently fine, radiating, gray  striffi  extend  from 
the  margin  of  the  disk  into  the  transparent 
part  of  the  cornea.  The  surface  of  the  cor- 
nea over  the  disk  is  dotted,  and  often  at  the 
beginning  is  raised  some  distance  above  the 
level  of  the  surrounding  parts.  Soon,  how- 
ever, this  spot  is  seen  to  be  depressed,  al- 
though not  after  the  manner  of  a  loss  of  sub- 
stance as  in  the  case  of  an  nicer,  hut  simply 
in  the  sense  of  being  sunken  in  or  flattened 
out  (fl,  Fig.  36).  The  rest  of  the  cornea,  too, 
that  is  not  occupied  by  the  abscess  is  lees 
lustrous,  and  is  occupied  by  a  delicate  uni- 
form cloudiness  which  originates  from  a  layer 
of  exudate  on  the  posterior  surface  of  the  cornea  (b.  Fig.  3(5).  These 
changes  in  the  cornea  are  always  associated  with  a  violent  iritis.  The 
aqueous  humor  is  turbid,  a  hypopyon  (c.  Fig.  36)  lies  at  the  bottom  of 
the  anterior  chamber,  the  iris  is  discolored  and  is  fastenetl  by  posterior 
synechias  to  the  lens-capsale.  Corresjwnding  to  the  severity  of  the 
inflammation  are  the  violent  symptoms  of  irritation :  slight  oedema  of 
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tbe  lids,  intense  injection  of  the  conjunctival  and  ciliary  yesselä,  photo- 
phobia, and  pain,  which  latter  often  reach  a  very  considerable  height. 
Nevertheless  there  are  cases  also  of  torpid  abscesses,  which  are  associ- 
ated with  very  slight  symptoms  of  irritation. 

The  subsequent  coun^c  is  «'hiiracterized  by  the  enlargement  of  the 
abscess  ond  by  its  transformation  into  an  ulcer.  The  enlargement 
takes  place  chiefly  in  that  direction,  in  which  the  margin  is  marked 
by  a  specially  dense  opacity — an  opacity  wliich  not  infrequently  looks 
like  a  yellow  crescent  placed  upon  the  abscess.  As  soon  as  the  abscesil 
has  expanded  to  a  certain  extent,  the  corneal  lamella  that  limit  it 
anteriorly  break  down  ;  the  abscess  opens  externally.  An  extensive 
loss  of  substance  now  exists,  upon  the  floor  of  which  the  collection 
of  pus  lies  exposed  ;  the  abscess  has  changed  into  an  ulcer.  Soon  after 
this,  generally,  those  laraellaj  of  the  cornea  m  hich  form  the  posterior 
wall  of  the  abscess  are  also  destroyed,  so  that  an  extensive  porfomtion 
of  the  cornea  is  produced.  The  contents  of  the  anterior  clmmbcr, 
consisting  of  aqueous  humor  and  pus,  are  evacuated,  and  a  largo  pro- 
lapse of  the  iris  forms. 

While  the  abscess  is  going  through  with  its  process  of  development, 
the  accompanying  iritis  keeps  on  increasing  in  the  same  proi>ortion  up 
to  the  time  of  perforation  of  the  cornea;  the  hypopyon,  too,  keeps 
growing  until  it  Jills  the  greater  part  of  the  anterior  chamber;  und  the 
pupil  is  closed  by  an  exudation  membrane. 

After  the  perforation  of  the  cornea  has  taken  place,  the  irritative 
symptoms  generally  abate  and  the  abscess  itself  may  now  come  to  a 
stjindstill.  In  other  cases,  however,  the  purulent  disintegration  of  the 
eornea  keeps  on  just  the  same,  so  that  the  latter,  with  the  exception  of 
a  narrow  marginal  rim,  is  entirely  destroyed.  Panophthalmitis  may 
eTen  result  from  the  suppuration  passing  over  into  the  deep  parts. 

An  abscess  always  leaves  a  very  dense  corneal  cicatrix  which  can 
not  l)e  cleared  up,  and  in  which  the  iris  is  almost  always  incarcer- 
ated. Furthermore,  in  consequence  of  the  iritis,  there  are  usually  left 
a'ihesions  of  the  iris  with  the  capsule  (pjsterior  synechia»),  and  even  a 
closure  of  the  pupil  by  a  membrane  (ocdusio  pupilla?).  The  corneal 
cicatrix  itself  is  in  favorable  cases  Oat,  in  unfavorable  cases  ectatic,  so 
that  tho  abscess  ends  by  forming  a  staphyloma.  If  panophthalmitis 
has  followed  upon  the  abscess,  a  shriveling  up  of  the  eye  (phthisis 
bulbi)  takes  phu'e. 

The  clinical  picture  which  is  characteristic  of  abscess  ami  by  which 
the  diagnosis  is  made  is  only  present  in  the  beginning  of  the  di-sease. 
Its  imjiortant  features  are  the  din i: -like  form  and  ceuirnl  .tituntiou  of 
thf  opacity^  thfi  more  pronounced  opacity  of  thr  margin  in  compnrison 
with  the  center,  the  nature  of  the  corneal  surface  ichirh^  at  the  Kite  of 
thf  abMcesSy  shows  no  Iosm  of  Kuhtttance  hut  only  a  depression^  and  finally 
thf  early  and  marked  implication  of  the  iris. 
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The  prognosis  of  abscess  is  always  serious,  as,  on  account  of  the  mar 
lignancy  of  its  course,  it  belongs  to  the  most  dangerous  of  the  diseases 
of  the  eye,  and,  if  not  choi^ked  early,  it  generally  ends  in  the  produc- 
tion uf  blindness  througli  an  ineiiruble  o|)acity  of  the  eornea.  And 
even  in  the  favorable  cases,  which  either  8poutd.neously  or  with  the 
help  of  art  come  to  a  stop  early,  a  dense,  centrally  situated  opacity  re- 
mains, so  that  usually  the  eight  can  only  be  restored  by  the  perform- 
ance of  an  oi)eration  (iridectomy). 

38.  E^tiology. — An  abscess  originates  in  infection  of  the  cornea  by 
organisms  wliieh  set  np  in  it  a  punilent  inflammation.  The  infi'Ction 
may  take  place  in  two  different  ways:  it  either  comes  from  without,  or 
it  arises  from  within  the  body  itself,  in  tlie  blood  of  which  substances 
that  excite  inflammation  are  circulating  (metjistatic  abscesses), 

1.  Infection  original! ug  from  wjtbout  (ectugenous  infection)  pre- 
supposes two  conditions:  first,  a  lesion  of  the  corneal  epiti)eliuni,  wliich 
in  the  normal  state  jtroteet^  the  cornea  against  the  entrance  of  micro- 
organisms ;  and,  second,  the  presence  of  pyogenic  organisms  which  find 
their  way  to  the  spot  where  the  e])ithelhjm  is  wanting.  Both  uf  these 
conditions  occur  in  many  cases  of  injury  of  the  cornea.  The  body 
which  inflicts  the  injury  may  itself  be  the  carrier  of  infection  and  in- 
oculate the  cornea  with  germs.  Much  metre  frequently  the  injury,  by 
producing  a  loss  of  substunce  in  the  ei»ithelial  covering,  simply  atlords 
the  opportunity  for  the  entrance  of  infection  ;  the  infecting  germs 
being  fornished  hy  the  secretion  contained  in  the  conjunctival  sac. 
The  injuries  Avhich  in  this  manner  lead  to  the  formation  of  an  abscess 
are,  as  a  rule,  very  slight,  consisting  in  a  simple  sealing  ofl'  of  the  epi- 
thelium. Among  such  injuries,  for  example,  is  the  scratching  of  tlie 
cornea  with  the  finger-nail,  a  tiling  which  children  very  often  do  to 
their  mothers  who  are  carrying  them  in  their  arms.  A  rough  cloth, 
a  leaf,  or  a  branch  grazing  the  cornea,  ami  small  foreign  bodies,  espe- 
cially minute  frngraents  of  stone,  which  fly  into  the  eye,  likewise  pro- 
duce sufiorficial  injuries.  According  to  some,  those  injuries  of  the 
cornea  which  are  associated  with  contusion  of  the  latter  are  especially 
disposed  to  the  formation  of  n\\  abscess.  Even  in  those  cases  in  which 
a  typical  abscess  of  the  cornea  has  apparently  originated  spontaneously, 
it  ifl  probable  that  there  has  been  an  antecedent  injury,  since  such 
slight  injuries  of  the  cornea  as  these  are  readily  overlooked  by  the 
patients.  Severe  perforating  injuries,  and  in  a  similar  way  operation 
wounds,  may  also  in  exceptional  cases  give  rise  to  the  formation  of  an 
abscess.  Associated  witli  the  injury,  as  a  second  factor  in  the  produc- 
tion of  abscess,  is  the  presctree  ui  a  chronic;  IcHirni  uf  tlie  conjunctiva 
(catarrh  or  trachotiia),  or  a  blennorrhcoa  of  the  lachrymal  sac  (])re.sent 
in  about  one  third  of  the  cases  of  abscess),  by  which  the  infecting 
secretion  is  furnished. 

The  traumatic  abscess  attacks   adults  exclusively,  and  especially 
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tliosu  belonging  to  the  working-cluss.  Tliese  are  more  frequently  ex- 
)Hh>ed  to  injuries  of  all  kinds,  and,  besides,  more  often  suffer  from 
ueglected  affections  of  tho  coujuaetiva  and  lachrynml  sac  Ihiui  the 
members  of  the  well-to-do  classes.  Great  heat  favors  the  formation  of 
abscesses,  which  are  hence  much  more  frequent  in  tho  hot  seasou  than 
in  winter.  For  this  reason  reapers  are  not  infrequently  affected  witli 
abscesses,  since  iu  cutting  tho  grain  they  serateh  their  eyes  with  its 
awns.  and.  besides,  they  do  their  work  during  tlie  holiest  davs  of  the 
year. 

In  ab.s^-es*!e8  resulting  from  acute  blennorriuea  ami  from  iliplithcria 
of  the  conjunctiva,  there  i.s  likewise  without  duiibt  a  iieiielratiou  of 
phlogogenie  germs  into  the  cornea  from  the  conjunctiva. 

'i.  Infection  by  way  of  mutaslasis — i.  e.,  by  geriniS  which  are  circu- 
lating in  the  blood  (endogenous  infection) — forms  the  baisis  of  those 
abscesses  which  occur  in  acute  infections  diseases,  euch  as  small-pox, 
ac-arlet  fever,  meask-s,  typhuä,  etc.  The  form  of  abscess  that  results 
from  variola  is  most  frequently  observed.  In  this  case  it  makes  its 
appearance  not  at  the  height  of  the  disease  but  in  I  he  stage  of  desic- 
cation, and,  in  fact,  sometimes  even  in  patients  who  have  already  left 
their  beds.  Hence  it  follows  that  it  is  not  to  be  regarded  j»s  a  small- 
pox  pnstnle  that  is  lo«mlized  upon  the  cornea.  Metastatic  abscesses  are 
found  in  children  as  well  as  in  adults,  and  n«d  iufri-queutly  affect  both 
eyes  so  liiat  total  blindness  can  be  produced  by  them. 

Treatment. — In  consideration  of  the  rajiid  progress  which  an  ab- 
scess usmUly  makes,  and  whicli  threatens  the  entire  cornea  with  de- 
struction, a  particularly  pri>m|)t  and  energetic  interference  is  required. 
The  treatment  is  partly  medicinal,  partly  operative. 

The  medicinal  treatment  is  the  same  as  in  purulent  ulcers  of  the 
cornea — namely,  the  application  of  a  bandage,  atrojiine,  iodoform,  and 
moist  and  warm  compres-ses.  At  the  .s;ime  time,  any  lesion  of  tlie  con- 
junctiva or  lacliryinal  sac  that  may  iiappen  to  be  present  is  to  bo  euit- 
ably  treated.  This  treatment  is  only  adapted  to  the  case  of  small  re- 
cent abscesses  without  an  excessively  large  hypopyon.  It  should  be 
undertaken  only  under  the  condition  that  the  abscess  is  clascly  watohed, 
Bo  that,  in  case  the  latter  progresses  in  spite  of  it,  we  may  immediately 
proceed  to  operative  treatment. 

OptTativn  Irmfnieiit  must  be  initiated  without  delay  in  all  severe 
coses  of  abscess,  but  is  also  required  in  the  ligliter  cases  when  they  re- 
sist tho  mild  treatment.  It  consists  either  in  tho  cauterization  of  the 
abscess  by  means  of  the  actual  cautery,  or  in  its  incision  according  to 
the  method  of  Saemisch.  Cauterization  is  performed  in  the  sjuneway 
as  in  the  case  of  progressive  ulcers  of  the  cornea;  special  altontion 
must  I>e  paid  to  the  destruction  of  the  progressive  portion  of  the  mar- 
gin. Cauterization  has  the  advantage  over  incision  of  not  causing  a 
perforation  of  the  cornea,  and  henoo  of  not  giving  rise  to  inclusion 
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of  the  iris.  It  is  only  suitable,  however,  for  those  abscesses  that  have 
not  yet  undergono  {X'rforution,  and  in  which  tho  hypopyon  is  not  ex- 
cessively large :  fur  the  lat  tor  is  not  removed  from  the  eye  by  this 
method ;  it  can  disappear  from  the  anterior  chamber  only  by  resorp- 
tion. Incision  of  the  ubscess  (puncture  by  Saemiseh's  metliod,  see, 
the  section  on  operations,  §  1Ö5)  is  effective  in  that  it  opens  the  pus- 
cavity  freely,  diminishes  the  tension  upon  the  lamellae  of  the  cor- 
nea, and  evacuates  the  hypopyon  ;  it,  however,  entails  the  disadvantage 
of  a  frequently  extensive  inclusion  of  the  iris.  Incision  is  suitable 
for  very  extensive  abscesses,  for  those  in  wliieh  perforation  is  immi- 
nent, and  for  those  which  are  associated  with  a  large  hypopyon.  We 
should  not  let  the  matter  rest  with  a  single  performance  of  the  in- 
cision, but  must  every  day  separate  anew  with  a  blunt  instrument  the 
edges  of  the  wound,  as  tliey  speedily  reunite,  mid  we  must  keep  thia 
up  until  tho  abscess  begins  to  grow  clean.  At  the  same  time  that  thia 
operative  procedure  is  being  performed,  the  medicinal  treatment  above 
mentioned  must  be  continued.  Perforation  and  prolapse  of  the  iris, 
when  once  they  have  ocmrred,  must  be  treated  in  the  same  way  as  has 
been  given  for  perforating  ulcers  {page  148). 

According  to  our  present  views,  purulent  inflammationa  everywhere  are, 
w^jth  nirt"  oxoeptions,  to  be  referred  to  tlie  prusence  of  Scliizomvcett's,  and 
esjpeoinlly  to  the  Staphylococci,  dincovercd  liy  Ogston  and  more  accurately  de- 
Bcrilred  l)y  Kosenbach.  In  the  Bpectixl  CHse  of  jiuruUint  iufiiimmatinn«  of  the 
cortien,  tlie  presence  of  fungi  lias  for  a  long  time  been  a  uvatter  of  demon»tni- 
tioji,  and  here  too,  in  the  great  majcirity  of  cascü,  we  have  to  do  with  tlie  nrdi- 
niiry  jius  fungi,  in  run;  cuses  with  fungi  of  another  «irt.  Thus  LcImt  has  found 
tlic  AsptTi^ilhis  ^[iiuciis  iu  the  cortien  in  ii  case  in  which  tlie  injury  hud  l>een 
produced  by  a  beard  of  oats;  similarly,  iu  a  case  of  injury  by  a  peur.  an  unde- 
t(;rminud  Kjiecies  of  llyphonijcetes  was  discovered  by  Berliner  in  the  inliamcd 
cornea.  In  Inith  cases  the  fungus  liad,  without  doubt,  been  introduced  into 
tlie  cornea  tlvrough  inoculation  l)y  uieuns  of  the  foreign  body  wiiich  caused  the 
injury.  Exprritnents  also  for  the  jiroduction  of  iuuciihition  designedly  were 
made  early.  Elicrlh  was  tlic  tlrst  tt>  show  that,  by  niiikJn^  inoculations  with 
fungi  in  the  roTne;i.  funi^us  colonies  ileveloped.  which  may  make  their  way  l>e- 
tvvcen  the  lanielliu  of  the  cornea,  so  that  a  cloudiness  in  the  form  of  a  rosette  is 
jtroduce<l  .surroiuidinjur  tlie  «ite  of  inoculation.  Such  cultures  were  successful 
when  made  with  septic  »lulistiinces  of  ail  kinds,  and  also  with  pure  cidtures  of 
fungi;  nud,  in  fact,  not  only  the  ordinary  fungi  of  pus,  but  also  cultures  of  the 
higher  fungi,  like  AniiergiHui*  glnueus  and  Leptothrix  bucculis,  are  adapted  for 
this  purpose.  By  inoculationH  of  this  sort  we  usually  p;et  severe  ]mruleut  in- 
flanuuations,  which  spreud  rapidly,  and  result  in  purulent  iriti.s  or  even  panoph- 
th;dmitis,  probably  on  accouut  of  the  migration  of  the  fungi  to  the  deep  |)or- 
tioiis  of  the  eye. 

Tlie  micro-organisms,  whose  pre-rcnce  in  the  suftptiratiiig  cornea  has  been 
demouHtrated,  are  also  without  doubt  the  real  exciting  cau.se  of  the  suppura- 
tion, Traumutism  alone,  without  infection,  <ioe9  not  give  rise  to  suppuration. 
We  may  cut,  scrape,  cruah,  or,  in  short,  injure  in  any  way,  or  even  cauterize 
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the  come«  of  aa  aaimal  withnut  gettiug  any  purulent  inflantmation  of  it-,  in 
every  «ISC  simply  a  gray  cloudiness  develops,  whi«'h  generally  disappvar»  again 
quickly.  But  whvn,  by  repeatedly  touching  the  coujuuctiva  with  nitralc-«if- 
fiilvcr  solution,  we  have  artiticially  produced  a  conjunctival  Chtarrh.  and  in  thi« 
way  have  given  the  opportunity  for  the  production  of  infection,  we  (hen  see 
purulent  inältration  follow  ujion  these  same  lesions  of  the  cornea  (Thilo),  What 
IB  true  of  the  cornea  of  unintuls  iü  also  true  of  that  of  man.  Provided  we  avoid 
Lofection  by  cleanliness  and  antiseptic  measures,  we  can  with  impunity  subject 
the  cornea  to  operations  both  light  and  severe;  even  contusions  of  the  cornea, 
such  as,  for  example,  are  often  enough  produced  in  the  expres&ion  of  a  cataract, 
do  not  nlwoya  by  any  means  lead  to  m)|i])uration.  But  if  we  undertake  the 
Bame  operation  in  the  presence  of  a  conjunctival  catarrh  or  a  suppuration  of 
the  lachrymal  sac,  wc  risk  the  loss  of  the  eye  from  u  purulent  infection  of  the 
wound. 

Ulceration  and  abscess  of  the  cornea  are  hence  varieties  of  suppuration 
caiiMcd  by  infection,  with  this  ditlei-ence  Ix^twecn  the  two,  that  in  an  ulcer  the 
suppuration  is  superticial  from  the  beginning;  in  an  abscess,  on  the  other  hand, 
it  begin«  in  the  depth  of  the  tiitsuca.  Upon  this  distinction,  in  jmrt  at  all 
events,  the  difference  in  counie  is  based.  Since  in  the  case  of  ulcers  the  infil- 
trated superficial  lamell^B  of  the  cornea  soon  break  down,  the  focus  of  suppura- 
tion lies  bare,  and  thus  presents  favorable  conditions  for  healing.  In  the  case 
o(  an  abscc.-»«,  the  focus  of  suppuration  is  shut  in,  behind  and  in  front,  by  strong 
layers  of  solid  corneal  tissue,  which  for  quite  a  long  time  offer  resistance  to  the 
destructive  action.  The  pus  tliat  is  formed  can  not  therefore  escape,  but  re- 
mains under  a  high  pressure,  which  impels  it  still  farther  between  the  lamella 
of  the  cornea  and  thus  favors  the  extension  of  the  suppuration.  There  are, 
nevertheless,  ulcers  of  the  cornea  which  are  closely  related  to  abscesses.  These 
are  the  traumatic  ulcers,  mentioned  on  page  151,  which,  like  abscesses,  are  dis- 
tinguished by  their  coI(»r — ^which  is  yellow  like  pus — by  their  strongly  infil- 
trated margin,  and  by  the  early  implication  of  the  iris.  Like  abscesses,  they 
develop  in  con.sequence  of  slight  superficial  injuries,  and  the  course  they  run 
resembles  in  it»  severity  that  of  an  abscess.  There  is  no  doubt  that,  in  their 
esnontial  nature,  these  ulcers  arc  identical  with  abscesses;  they  are,  a«  it  were, 
abscesses  so  superficially  situated  that  in  an  exceedingly  short  time  they  are 
converted  into  ulcers  by  tiie  breaking  down  of  the  superficial  lamelire  of  the 
cornea.  Tliey  are  hence  comjirised  by  many  authors  under  the  same  head  a« 
abscesses,  ^aemisch  calls  them  u!nu  »trperu,  on  account  of  the  peculiar  prop- 
erty of  spreading  in  one  s|>ecial  direction;  Stellwag  designates  them  as  uleu-t 
tepfirttm,  on  account  of  their  development  by  way  of  infection ;  Roser  has  de- 
scribed them  as  fii/fiopi/on-kfratitüt,  because  they  are  regularly  accom|uinied  by 
iritU  with  hypopyon.  The  malignant  forms  of  corneal  suppuration  thus  desig- 
nated differ  so  very  much,  both  in  respect  to  their  appcaranrc  and  their  course, 
from  the  various  kinds  of  ordinary  comeul  ulcers,  that  we  must  aiwuinc  a  ptirticu- 
larkind  of  infection  forthem.  Either  we  have  to  do  with  a  particuhrly  virulent 
kind  of  pus-cocci,  or  the  microbes  find  more  favorable  conrlitiona  for  their 
multiplication  than  in  the  case  of  the  ordinary  varieties  of  purulent  keratitis. 

One  must  not  conceive  of  the  corneal  abscess  aa  a  sharply  circuinscribcd 
cavity  filled  with  fluid  pus  ;  the  focus  of  suppuration,  on  the  contrary,  is  trav- 
ersed by  nunieroiLs  fibers  and  Inmellm.  the  remains  of  the  corneal  ttsauc,  so  that 
it  prevent»  a  kind  of  reticulum,  in  the  space«  of  which  small  quantities  of  a 
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pretty  consistent  pus  are  found.  That  the  quantity  of  the  pus,  espcciHlly  in  the 
c  -ntral  portion  of  the  abscess,  is  very  scanty,  can  be  inferred  from  the  fnct  that 
the  sixrface  of  tiie  cornea  over  the  abscess  is  »unken  in.  The  pus  in  ttie  anterior 
chamber  also  is  generally  not  fluid,  but  of  tough  ponaiatcnce,  so  that,  after  the 
incision  of  tlie  absces«,  it  can  be  drawn  out  of  the  eye  with  the  foreeps  in  the 
form  of  a  viscid  masa. 

We  sometimeH  see  Rmall  abscesses  which  are  almost  perfectly  transparent 
throui,'lK)ut  their  greater  part,  while  it  i«  only  the  edge  raurkinj;  the  direction 
in  wliich  the  a'jäcesa  is  progressing  that  shows  a  marked  gray  or  yellowish  opac- 
ity. In  such  a  case  one  might,  at  firnt  sight,  suppose  that  lie  were  looking  at 
a  yellow  orescent  in  an  otherwise  heiilthy  cornea;  it  is  only  in  making  a  more 
precise  examination  that  one  recognizes,  adjoining  the  cn-iM^ent,  a  roiindrd  de- 
pression of  the  surface  and  a  corresponding  faint  opacity.  Those  abscesses  also 
which  arc  associated  with  a  very  large  hypopyon  are  very  hard  to  recognize 
aright,  besuuse  the  abscess  does  not  show  off  well  upon  the  yellow  background 
of  tlie  hypopyon.  In  such  a  case  it  is  often  only  after  puncture  of  the  cornea 
and  evacuation  of  the  hypnjiyon  that  it  is  possible  to  determine  exactly  tho 
limits  of  the  abscess.  For  the  connection  between  abscess  and  hypojtyon,  see 
page  136. 

Abscesses  sometimes  oteur  in  both  comiip  simultaneously,  esp<?cially  in 
small-pox;  but  two  abscesses  have  never  been  observed  at  the  same  time  in  the 
same  cornea.  lu  nire  in^itances  it  has  been  observed  that  in  a  eorneit  bearing 
a  cicatrix  which  h:id  originated  in  an  »bacess,  a  second  abs<eess  subsequently 
develope«!  in  the  portion  that  stili  rcmnineci  transparent. 

ExcepLionally  it  h'lnpens  that  an  ab.sce.s3  is  not  converted  into  an  ulcer  by 
the  breaking  down  of  its  anterior  wall,  but  that  resorption  of  the  pus  takes 
place.  Nevertheless,  even  in  this  case  a  dense  opacity  of  the  cornea  remains, 
which,  if  the  abscess  was  of  great  extent,  may  be  associated  with  vasculariza- 
tion and  flattening  in  the  cornea.     Such  ca.ses  are  known  as  itl/ncewu»  »iccua. 

The  treatment  of  corneal  abscess  had  in  general  but  little  success  to  chroni- 
cle until  Öaemisch  substituted  the  ojK^ration  of  ineüion  of  the  abscess  for  that 
of  paracenteses,  of  iridectomy,  etc.,  previotauly  in  vogue.  In  performing  tho 
operation,  we  must  take  care  nr>t  to  injure  the  lens  and  not  to  Jet  the  escajie  of 
aqueous  take  place  loo  sutldenly.  The  hypopyon  is  either  evacuated  spontane- 
ously, especially  if  the  patient  makes  pressure  with  his  lids,  or  it  can  be  grasped 
by  means  of  a  forceps  introifuced  into  the  wound,  and  drawn  out.  In  conse- 
quence of  the  dirataution  of  pressure  after  the  escape  of  the  contents  of  the 
anterior  chamber,  hffinaorrhages  often  take  place  from  the  iris,  which,  already 
hj-persemic  before  the  operation,  now  becomes  still  more  distended  with  blood. 
This  is  probiibly  tho  cause  of  the  violent  pain  which  regularly  follows  upon  the 
evacuation  of  the  contents  of  the  anterior  chamber,  although  the  incision  itself 
is  but  little  felt.  After  incising  the  abscess  we  always  get  an  attachment  of  the 
iris  to  the  cornea  during  hralini;.  which,  however,  would  not  have  failed  to 
occur,  even  «part  from  the  operation,  in  those  cases  in  which  incision  is  indi- 
cated at  all. 

Prophi/ltuijt  against  the  formation  of  abscesses  is  possible  in  the  senRe  of  our 
l>eing  abk'  to  remove  in  soii.son  the  source  of  infection,  as,  for  instance,  the 
Bfcretion  from  a  lachrymal  sac  affected  with  blennorrhoia.  If,  in  such  a  case,  a 
small  erosion  of  the  cornea  exists,  this  is  to  be  treated  with  special  care  by  the 
application  of  d'siofectant  remedies.     Even  in  eases  of  metastatic  abscesses  of 
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the  cornea,  prophylaiis  undertukon  in  season  would  often  prevent  the  iaflictioa 
of  great  injury.  During  an  eruption  of  small-pox  the  lid»  are  mueh  swollen, 
and  hence  arc  not  opened  by  the  patient,  and  even  the  physiclun  generally 
neglects  to  look  at  the  eye  from  time  to  time.  In  that  case,  when  the  swelling 
of  tlie  lid«  goes  down  during  the  stage  of  desiccation  and  the  patient  opens  hit» 
oyeii  again,  the  morbid  process  in  the  cornea  is  often  already  in  progress,  and 
we  are  just  so  much  behindhand  in  ujadertaking  the  treatment.  Homer, 
therefore,  ia  right  in  demanding  that  u  pliysician  treating  a  small-pox  patient 
should  prevent  the  agglutination  of  the  lids  by  applying  a  pledget  smeared, 
with  ointment,  should  examine  the  eyes  every  day,  and  should  clcaosc  the  con- 
junctival sac  with  antiseptic  Solution^.  Careful  watching  will  enable  us  to 
recognize  the  very  conimeucement  of  the  corneal  disease,  whieli  in  these  early 
stages,  presents  the  mo.st  favorable  conditions  for  treatment.  At  the  time  when 
emillpox  was  very  wide-nprend  it  formed  one  of  the  mo.st  fre<jucn{  causes  of 
blindness,  so  that  about  one  third  nf  all  cases  of  blindness  were  produced  by  it. 
Since  small-pox,  owing  to  the  introduction  of  vaccination,  has  become  less 
prevalent,  the  blindnesjt  due  to  it  has  correspondingly  diminished.  Thus,  in 
France,  before  the  introduction  of  vaccination,  thirty-five  per  cent — and  after 
ttä  introduction  seven  j>er  cent — of  all  tlie  blind  lost  their  eyesight  by  reason  of 
emiJl-jwx  (CarroQ  du  Villards).  In  Prussia,  before  the  introduction  of  com- 
pulsory vaccination,  thirty-five  per  cent — after  its  introduction  two  \)ct  cent — 
of  all  the  blind  jHsoplc  in  the  country  wcro  rendered  so  by  small-pox. 

S.  Keratitis  e  Liujophthalmn. 

39.  Koratitia  c  lagophtlialmo  originates  from  a  desiccation  of  the 
cornea  in  consoqncnco  of  ita  being  insufficiently  covered  by  the  lids. 
The  conjunctiva  of  the  evebiiU,  wherever  it  lies  constantly  cxpoBed  to 
the  air  in  the  open  ptili»ebrHl  fissure,  appears  reddened,  and  generally 
somewhat  swollen  a.s  well.  It  Bccretca  a  Bmull  amonnt  of  discharge 
drying  upon  the  conjunctiva  in  crusts,  which  not  infrequently  uIbo 
cover  the  exposed  portion  of  Hie  cornea.  After  removing  the  crusU 
we  find  the  lowermost  part  of  tho  cornea  (for  it  is  this  {>art  which  ia 
exposed  in  the  palpebral  fissure)  dry  on  the  surface,  dull,  slightly  de- 
pressed, and  at  tho  same  time  clouded  and  gray.  In  the  fiubsequont 
course  of  the  disease  the  cloudiness  beconiea  more  and  more  intense, 
until  finally  disint<?gration  of  the  superficial  layers  of  the  cornea 
takes  place,  with  the  consequent  formation  of  an  ulcer.  This  latter 
extends  below  as  far  as  the  margin  of  the  cornea,  while  above  it  reaches 
a  greater  or  less  distance,  according  to  the  extent  to  which  the  cornea 
u  uncovered,  and  ends  in  a  horizontul  border.  At  the  same  time  there 
exists  iriti.*  with  hypopyon.  The  ulcer  may  heal  without  perforation, 
but  leaving  an  opacity  behind  it,  or  it  may  perforate  tho  cornea  and 
thus  lead  to  prolapse  of  the  iris,  or  even  to  panophthalmitis. 

Tho  cause  of  keratitis  o  lagophthalrao  is  the  desiccation  of  the  cor- 
nea in  consequence  of  the  defective  closure  of  the  lids  (lagophthalmus). 
This  latter  arises  either  from  mechanical  obstacles,  such  its  contraction 
of  the  lids,  marked  protrusion  of  the  eyeball,  etc.,  or  from  paralysis  of 
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the  orbicularia  palpebrarum-  In  liigh  degrees  of  lagophthalmus  the 
cornea  is  uucovcred  all  the  time;  in  lighter  cases,  on  the  contrary,  in 
which  the  closure  of  the  lids  is  not  impossible  but  only  impeded,  the 
danger  of  desiccation  taking  place  is  particularly  present  during  sleep. 
In  daytime,  owiTig  to  the  feeling  uf  dryness  of  the  cornea,  the  act  of 
winking  is  pretty  frequently  excited  through  reflex  action,  and  thus 
the  cornea  is  repeatedly  moistened.  But  in  Bleep  the  reflex  winking 
of  the  lidä  is  absent,  and  hence  the  cornea  is  unmoistcned  by  this 
means  and  becomes  dry  wherever  it  lies  exposed  in  the  open  palpebral] 
fissure.  The  desiccation  in  this  case  always  affects  the  lowermost  part 
of  the  cornea, because  in  sleep  the  eyeball  is  turned  upward,  and  hence 
the  lower  part  of  the  cornea  lies  in  the  palpebral  fissure.  (An  excep- 
tion is  made  by  those  cases  in  which  the  ej'eball  has  lost  its  freedom  of 
movement — e.  g.,  as  a  result  of  an  exophthalmus,  in  which  case  other 
portions,  and  particularly  the  central  portioiiK,  of  the  cornea  may  be  ex- 
posed to  desiccation  by  being  within  the  palpebral  fissure.)  The  cor- 
neal lamollae,  as  fast  as  they  become  desiccated,  die  and  are  cast  ofE  by 
a  process  of  suppuration.  Quite  the  same  results  ensue  if  the  lids,  on 
accoant  of  a  clouding  of  the  consciousness,  are  incompletely  closed,  as 
is  the  case  in  persons  who,  in  severe  diseases,  lie  unconscious  for  a  long 
time.  If  such  patients  escape  with  their  lives,  they  may  have  opaci- 
ties of  the  cornea  in  both  eyes  in  consequence  of  keratitis  e  lagoph- 
thalmo,  or  they  may  lose  their  eyes  altogether. 

The  Ireahnent  consists  in  taking  care  that  the  cornea  shall  bo  cov- 
ered by  the  lids.  In  this  way  the  development  of  a  keratitis  is  pre- 
vented through  prophylaxis,  or,  if  it  already  exists,  the  chief  condition 
is  afforded  for  its  cure.  We  must  accordingly  initiate  the  proper  treat- 
ment for  the  cnre  of  the  lagophthalmus  (see  §  113),  and  in  the  mean 
time,  until  a  eure  has  been  accomjdished,  take  pains  to  effect  a  perfect 
closure  of  the  lids  by  means  of  a  properly  apj)lied  bandage.  In  order 
to  do  this,  it  is  generally  necessary  to  fasten  the  lids  themselves 
together  by  strips  of  sticking-plaster  before  the  bandage  is  applied 
over  the  eye. 

In  slight  cases  of  lagophthalmus  it  is  sufficient  to  keep  the  eye 
bandaged  tlu'ough  the  night  only.  But  if  the  lagophthalmus  is  con- 
siderable, or  if  keratitis  has  already  set  in,  the  eye  must  be  kept  band- 
aged all  the  time.  If  tlio  treatment  is  initiated  early,  the  prognosis  is 
good,  inasmuch  as  the  process  comes  to  a  standstill  as  soon  as  the 
desiccation  of  the  cornea  is  arrested. 


4.  Keratomalacia. 

40.  Symptoms  and  Course. — Keratomalacia  *  occurs  only  In  child- 
hood.    The  disc;Lse  begins  with  night-blindness  (hemeralopia).    This 
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oonsistB  in  the  patient's  visual  power  being  perfectly  good  in  bright 
daylight,  but  so  very  gi'catly  reduced  when  (he  illumination  is  dimin- 
ished (e.  g.,  in  twilight)  that  thoy  arc  often  no  longer  in  a  state  to  go 
about  alone.  In  very  small  children  who  do  not  go  about  alone  yet,  this 
Byniptom  naturally  can  not  be  n»ade  out.  In  such  children,  the  first 
»ing  that  strikes  us  is  the  dryness  of  the  conjunctiva,  which  next  de- 
velops, and  which  appears  under  the  form  of  triangular  xerotic  spots 
on  both  sides  of  the  cornea  (see  page  112).  The  conjunctiva  in  these 
spots  is  covered  with  a  fine  white  substance  like  foam,  and  seems  as  if 
smeared  with  grease  in  such  a  way  that  the  lachrymal  fluid  can  not 
moisten  it.  The  dryness  extends  rapidly  over  the  rest  of  the  conjunc- 
tiva and  also  over  the  cornea.  The  latter  becomes  dull,  insensitive, 
and  uniformly  cloudy.  Soon  the  cloudiness  in  the  center  of  the  cor- 
nea increases,  a  gray  infiltrate  forming  there.  This  spreads  rapidly, 
takes  on  the  yellow  color  of  pus,  and  terminates  in  the  disintegration  of 
the  cornea — a  disintegration  which,  in  bad  cases,  may  take  place  within 
a  few  lioura. '  In  the  begiuuiug  the  affected  eye  is  not  discolored ;  after- 
wanl,  when  the  cornea  is  already  greatly  involved,  there  appears  about 
the  latter  a  dusky  venous  injection.  The  lachrymal  secretion  is  not 
increased,  but  rather  diminished;  moreover,  other  symptoms  of  irrita- 
tion, like  photophobia  and  blepharosjiasm,  are  slight  or  are  wanting 
altogether.  The  striking  contrast  between  the  severity  of  the  corneal 
affection  and  the  insignificance  of  the  accompanying  symptoms  of  irri- 
ition,  together  with  the  dryness  of  the  eye,  stamps  the  disease  with 
lite  a  peculiar  character.     This  affection  usually  attacks  both  eyes. 

Children  suffering  from  keratoraalacia  show  a  disturbance  of  the 
general  condition,  which  is  generally  pronounced  even  before  the  out- 
break of  the  eye-trouble,  and  which  afterward  grows  still  greater.  The 
children  become  strikingly  ajiathetic,  have  diarrho'a  altemating  with 
constipation,  sink  rapidly,  and  ultimately  many  of  them  die  either 
from  exhaustion  or  from  a  complicating  bronchitis  or  pneumonia, 

Tho  prognosis  in  very  small  children  is  bad,  as  in  most  cases  they 
lose  not  only  their  eyes,  but  their  life  ns  well.  In  somewhat  older  chil- 
dren the  disease  runs  a  less  severe  course,  so  that  they  escape  with  their 
life  and  get  off  with  smaller  or  larger  cicatrices  of  the  cornea;  iiuleed, 
the  cornea  itself  may  subsequently  clear  up  once  more  (Gouvea). 

Etiology. — Keratomalacia  is  the  result  of  an  insufficient  nourish- 
ment of  the  cornea,  which  evidently  is  only  one  of  the  symptoms  of  a 
»evore  general  disease.  The  real  nature  of  the  latter  is  indeed  at  pres- 
ent unknown  to  us,  although  there  are  various  facts  that  do  not  permit 
ns  to  doubt  its  existence.  Thus  the  hemeralopia  is  nothing  but  the 
exprtjasion  of  the  depressed  nutrition  of  the  retina.  Tho  latter  still 
performs  its  functions  well  when  it  is  acted  upon  by  powerful  impres- 
siona,  such  as  images  made  by  a  strong  light.  But  as  soon  as  the 
brightness  of  the  images  falls  below  a  certain  limit,  tho  images  of  the 
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object  aro  no  longer  able  to  excite  the  retinal  elements,  the  energy  of 
which  has  been  dopressoJ  (torpor  retina?).  This  condition  may  be 
Bet  down  to  the  general  apathy  of  these  patients.  Another  thing  that 
point)}  to  a  severe  general  disorder  is  the  raj>id  decline  of  strength, 
which  often  develops  in  an  altogether  inexplicable  fashion  even  in 
those  cases  in  which  the  children  at  ihe  beginning  of  the  disease  were 
apparently  healthy. 

Keratomalacia  develops,  as.  a  rnle,  in  conseqnence  of  enfeebling  in- 
fluences affecting  the  children,  and  acting  detrimentally  npon  their 
nutrition.  Among  these  influences  belong  insufficient  or  unsuitable 
nourishment  (rearing  of  children  by  hand),  severe  diseases  like  scarlet 
fever,  measles,  typhus,  etc.,  and  particularly  hereditary  syphilis.  The 
disease  occurs  in  Russia  much  more  frequently  than  with  us,  as  there 
it  attacks  infants  during  and  after  the  time  of  the  great  fast,  because 
during  this  period  the  mothers  lose  their  milk  in  consequence  of  fjist- 
ing.  For  a  similar  reason  it  is  frequently  observed  in  Brazil  among 
the  badly  nourished  children  of  the  negro  slaves. 

Keratomalacia  does  not  occur  in  adults,  although  a  similar  affec- 
tion does.  This  latter  is  constituted  by  hemeralopia  with  simultaneous 
xerosis  of  the  conjunctiva,  without,  however,  there  being  any  implica- 
tion of  the  cornea,  and  without  the  existence  of  marked  disturbances 
of  the  general  condition  (see  page  112).  Whether  this  disease,  the  de- 
velopment of  M'hich  likewise  is  favored  by  poor  nourishm<mt,  is  identi- 
cal with  the  one  above  described»  and  represents,  as  it  were,  a  very 
mild  form  of  it,  or  not,  has  not  as  yet  been  decided. 

The  chief  task  that  ireatment  has  to  accomplish  is  to  support  the 
child's  strength  by  means  of  fitting  nourishment.  In  addition  we 
must  try  to  stimulate  the  vitality  of  the  tissue  of  the  cornea,  a  thing 
best  performed  by  means  of  moist  and  warm  compresses  placed  upon 
the  eyes.  If  the  apathetic  little  patients  do  not  close  their  lids  prop- 
erly, the  corueflB  must  be  protected  from  desiccation  by  bandaging  the 
©ye. 

6.  Keratitia  yeuroparalytica. 

41,  Symptoms. — The  cornea  becomes  dull  and  slightly  cloudy. 
Then  the  epithelium  begins  to  be  thrown  off,  first  at  the  center,  then 
more  and  more  in  the  direction  of  the  periphery,  until  at  length  the 
entire  cornea,  witli  the  exeejition  of  a  marginal  rim  two  to  three  milli- 
metres broad,  is  bared  of  its  epithelium.  This  gives  the  cornea  quite 
n  peculiar  appearance,  such  as  U  fouiul  in  no  other  disease  of  it.  In 
the  mean  time  the  cloudiness  of  the  cornea  also  has  increased.  This  is 
most  marked  in  the  center,  and  there  is  uniformly  gray ;  toward  the 
margin  it  gradually  decreases,  and  may  be  resolved  by  the  magnif^nng- 
glass  into  separate  gray  maculaj.  Subsequently  the  hue  of  the  cloudi- 
ness becomes  yellowish,  hypopyon  seta  in,  and  ultimately  ths  cornea  in 
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its  center  breaks  down  into  pus.  Thus  a  large  ulcer  forms,  Trhich  cica- 
trizes with  inclusion  of  the  iris,  and  generally  with  flattening  of  tho 
entire  cornea.  Nut  all  coses,  however,  run  so  severe  a  course;  the 
keratitis  may  get  well  without  the  occurrence  of  any  purulent  disinto« 
gration  of  the  cornea,  although  there  always  remain  an  opacity  of  con- 
siderable dimensions,  and  often,  besides,  n  flattening  of  tho  cornea. 

The  course  of  thedi.sease  is  slow,  and  ia  characterized  by  the  «light- 
ness of  the  associated  symptoms  of  irritation.  There  is,  indeed,  marked 
ciliary  injection  but  no  lachrymation,  since  the  secretion  of  the  lachry- 
mal gland,  being  produced  by  reflex  action,  is  diminished  or  abrogated. 
If  the  patients  weep,  tho  eye  of  the  diseased  side  remains  dry.  Pain, 
evidently,  ia  absent  altogether  on  account  of  the  simultaneous  presence 
of  paralysis  of  the  trigeminus. 

The  jiroynosiif  is  unfavorable,  treatment  having  very  little  influence 
on  tho  course  of  the  disease,  which,  whether  tlie  formation  of  ulcers 
does  or  does  not  take  place,  leads,  almost  without  exception,  to  the 
production  of  a  dense  opacity  over  the  entire  cornea,  and  hence  to  an 
almost  complete  annihilation  of  the  visual  power. 

Keratitis  neuroparalytica  has  its  raupte  in  a  paralysis  of  the  trigem- 
inal nerve,  which  induces  trophic  disturbances  in  the  cornea.  The 
paralysis  of  the  trigeminus  also  causes  the  simultaneous  arrest  of  secre- 
tion of  the  lachrymal  gland  as  well  as  the  absence  of  pain.  It  is  a 
mutter  of  indifference  whether  the  lesion  which  causes  the  paralysis  of 
the  trigeminus  affects  the  trunk  of  the  nerve  or  its  nucleus  of  origin  in 
the  brain. 

The  treatment  consists  in  llie  application  of  a  bandage,  warm  com- 
presses, and  atropine.  Besides,  we  nuiy  try  electricity,  or,  following 
Nieden's  recommendation,  strychnine  {three  to  five  milligrammes  by 
hypodermic  injection  beneath  the  skin  of  the  temple). 

The  thrcp  affections  of  the  cornea  just  described — keratitis  c  lagophthalmo, 
keratitis  neuroparalytic«,  and  keratomalacia— have  been  rrequentlyt-on founded 
with  each  other.  Thus  the  keratitis  c  lagophthalmo,  which  makes  its  appear- 
ance in  patients  during  the  death-agony,  has  been  regarded  as  a  keratitis  neu- 
roparalytica, its  cause  being  attributed  to  the  depressed  state  of  the  ner\'ou8 
influence.  Conversely,  some  have  explained  keratitis  neiiropanilytica  and 
keratomalacia  aa  produced  by  desiccation  of  the  cornea,  and  in  this  wny  have 
placed  them  in  the  same  category  with  keratitis  e  lagophthalmo.  Many  authors 
deny  al)?ülutely  the  existence  of  keratitis  netu'oparalytica  as  an  independent 
affection.     Hence  this  latter  should  be  the  firyt  to  receive  careful  consideration. 

The  theory  of  kcratUia  neuroparnhjtifn  was  founded  by  Magcndic,  who 
found  that  after  section  of  the  trigeminus  in  animals  a  keratitis  msde  its  ap- 
pearance. He  referred  this  to  trophic  disturbances.  Snellen  and  Leuftleben 
showed  that  the  development  of  keratitis  could  be  prevented  by  sewing  to  the 
eye  a  metallic  capsule  (the  lid  of  a  pipe).  They  henco  concluded  that  the 
keratitis  did  not  depend  upon  trophic  disturbances,  but  was  to  \k  referred  to 
traumatism ;  for,  as  the  animal  has  become  destitute  of  senaatioo  on  the  side 
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operated  upon,  he  atrikea  hia  eye  agiiinst  everything  or  rubs  it  ngainst  objects 
—e.  g.,  agaiust  the  walla  of  the  cage  in  which  he  is  confined.  But  inasmuch 
aa  simple  mechanical  injuries  produce  only  attacks  of  cloudiness  in  the  cornea, 
which  rapidly  paaa  off  and  never  produce  attacks  of  purulent  keratitis  like 
keratitis  neuroparalytica,  the  further  ansumption  had  to  be  made  that  the  cor- 
nea, in  consequence  of  the  trigeminal  panilysi*,  has  a  diraiuishcd  power  of 
resistance  against  external  injuries.  Tl.cn  Feuer,  by  experiment,  proved  the 
incorrectness  of  this  explanation.  After  section  of  the  trigeminus,  the  cornea 
can  be  injured  in  any  way  whatever  beneath  the  metallic  cajwule  sewed  on  in 
front  of  it,  without  anything  but  tran.siient  cloudiness  of  the  cornea  being  ])ro- 
duccd.  Hence,  after  section  of  tJie  trigeminus,  the  cornea  reacts  toward  ex- 
terna! injuries  just  as  it  did  before,  and  the  cause  of  the  efficacy  of  the  metallic 
capsule  must  be  sought  for  in  sometliing  besides  the  prevention  of  trauuintism. 
Feuer  thought  that  he  had  found  it  in  the  fact  that  the  met4jl  capKulc  prevents 
the  desiccation  of  the  cornea.  For  in  trigeminal  pamlysis  the  act  of  winking 
produced  by  reflex  action  is  abolished;  consequently  the  cornea  becomes  dry 
in  its  central,  most  exposed  portion,  and  a  delimiting  suppuration  develops 
about  this  dried  and  necrosed  area.  This  sort  of  keratitis,  which  Feuer  desig- 
nated with  the  name  of  keratitis  xerotica,  is  tlie  alleged  keratitis  neurüpara- 
Ijtica.  lie  was  able  to  excite  just  the  .^ame  sort  of  inflammation  by  producing 
lagophlhalmus  artificially  in  animals  with  an  Intact  trigi minus.  For  this  pur- 
pose he  sewed  the  two  lids  and  the  nictitating  membrane  so  fur  bj^ck  that  they 
could  no  longer  cover  the  cornea.  Hence  the  efficacy  of  the  metal  capsule, 
after  section  of  the  trigeminus,  consLnted,  according  to  him,  only  in  the  fact 
that  it  prevents  the  desiccation  of  the  cornea;  for,  as  the  animals  strike  the 
capsule  against  the  walls  of  the  cage,  they  pu.^h  the  lids,  to  which  it  is  fastened 
by  sutures,  in  diJTercnt  directions  over  the  corm-a  [and  so  moisten  the  eye]. 
Hence,  too,  Fcuer  was  able  to  obtain  the  s  luie  effect  with  uii  open  ring  of  cork, 
which  he  sewed  in  front  of  the  eyes.  Then  Feuer  ajiplicd  his  results  to  man, 
and  demonstrated  that  the  keratitis  whirh  is  seen  to  devekp  in  soporose  pa- 
tients is  clinicnlJy  and  anatomically  identical  with  that  whi'h  is  developed  in 
animals  and  men  through  imperfect  covering  of  tjic  cornea  (Iteratitis  c  lagoph- 
thalmo).  He  went  too  fju-,  however,  in  denying  altogether  the  existence  of  a 
true  keratitis  neuroparalylica. 

There  is  no  doubt  that  the  keratitis  which  is  sometimes  in  man  observed 
in  connection  with  trigeminal  paralysis  is  in  solitary  instances  caused  by  desic- 
cation of  the  cornea,  and  thus  js  a  keratitis  e  lagojihtbalmo.  The  desiccation 
is  produced  by  the  abolition  of  the  regular  movement  of  the  lids  and  by  the 
deficiency  of  the  secretion  of  tears.  In  this  way,  for  instance,  are  those  cases 
to  bo  explained  in  which  paralysis  of  the  oculo-motor  nerve,  and  consequently 
incomplete  ptosis,  exist  at  the  same  lime  with  ]»aralysis  of  the  trigeminus,  and 
in  which  the  cornea,  as  occurs  in  keratitis  e  lagophtlialmo,  la  affected  only  in  its 
lowermost  portions  which  arc  not  covered  and  protected  by  the  drooping  upper 
lid.  But  there  are  cases,  nevertheless,  which  present  the  characteristic  picture 
of  genuine  keratitis  nearoparalytica  as  above  described— a  picture  which  is 
altogether  different  from  tliut  of  keratitis  e  lugophthalmo.  Moreover,  it  is  de- 
veloped in  those  cases  of  trigeminal  paraly-sis  in  which  the  movements  of  the 
lids  and  the  moistening  of  the  cornea  are  perfectly  normal,  or  in  which,  in 
consequence  of  comjiletc  ptosis,  the  cornea  is  entirely  covered  by  t?>e  lid,  and  is 
thus  protected  from  desiccation.    Furthermore,  since  the  application  of  a  band- 
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age,  vliich  is  a  sure  preventive  of  keratitis  e  lagophthalmo,  is  of  no  avail  a^inst 
the  development  of  a  true  keratitis  neuroparalyticn,  the  latter  can  not  depend 
upon  desiccation  of  the  cornea.  Again,  the  frequently  repeated  injuries  to  i 
which  the  development  of  keratitis  neuroparah-tica  in  animals  has  been  referred 
con  not  be  thought  of  as  existing  in  the  cnsc  of  a  human  being  \«'ho  takes  good 
Caro  of  his  eye.  Hence  we  can  only  explain  keratitis  neurojMiralytica  by  the 
aasomption  of  a  trophic  disturbance.  The  fact  that  it  does  not  <:>ccur  in  all 
ranfin  of  trigeminal  paralysis  in  no  evidence  to  the  contrary,  for  the  disease  may 
have  affected  only  the  scnsorj*  and  not  the  trophic  fibers  of  the  trigeminus. 
The  trophic  fibers,  according  to  the  views  of  different  authors,  arise  from  the 
sympathetic  and  attjch  themselves  to  the  medial  aspect  of  the  trunk  of  the 
trigeminus.  In  fact,  keratitis  ncuroparalytica  has  been  obtained  after  sections 
of  the  trigeminus  affecting  only  the  innermost  fibers  of  the  nerxo,  although, 
in  conse«juence  of  the  sensorj'  fibers  being  intact,  the  cornea  and  the  lids  have 
retained  all  their  sensitiveness.  We  are  therefore  obilgcd  to  acknowledge 
the  existence  of  a  genuine  keratitis  neuroparalyüca,  and  to  make  a  sharp  dis- 
tinction between  it  and  keratitis  c  lagophthalmo. 

The  cunfotuiding  of  the  three  forms  of  keratitis — keratitis  c  lagophthalmo, 
keratitis  nctuoparalytica,  and  kemtomalitcia — with  each  other  has  been  favored 
by  the  fact  that  they  display  various  features  in  common.  Among  the.se  are 
the  dryness  which  the  eyes  exhibit,  and  also  the  insignificance  of  the  irritative 
symptoms  in  comparison  with  the  severity  of  the  keratitis,  an  insignificance 
shown  in  the  absence  of  increased  lachrymal  secretion,  of  blepharospasm,  and 
often  also  of  pain.  And  yet  the  dri/nes»  of  the  ef/ei  in  these  three  forms  of 
keratitis  is  to  bo  referred  to  verj'  different  causes. 

(a)  In  keratitis  o  lagophthalmo  an  nctual  desiccation  of  the  cornea  from 
evaporation  exists.  It  nfftcts  only  the  exposed  portion  of  the  cornea,  and  may 
be  relieved  by  closure  of  the  lids.  Tlie  desiccation  in  this  case  is  llie  one  cause 
of  all  the  subsequent  changes. 

(h)  In  keratomalacia  the  cornea  is  not  actually  dry,  but  only  looks  so,  be- 
cause the  lachrymal  fluid  does  not  adhere  to  its  surface.  This  dry  appearance 
is  present  even  when  the  oye  is  swimming  in  tears  or  when  it  is  kept  constantly 
closed ;  evidently,  bandaging  is  of  no  effect  against  this  sort  of  dryness.  It  is 
caused  by  a  fatty  metamorphosis  of  the  epithelial  cells,  which  consequently  are 
not  wetted  by  the  lachrymal  fluid.  Moreover,  tho  bacilli  of  xerosis,  discovered 
by  Kuschbcrt  and  Neisaer,  may  be  found  in  the  altered  epithelium. 

[r)  In  keratitis  ncuropiirnlytica  there  is  neither  renl  desiccation  of  the  cor- 
nea, as  in  keratitis  e  lagophthalmo,  nor  a  peculiar  fatty  condition  of  its  surface, 
aa  in  keratomalacia;  on  the  contrary,  the  eye  looks  dry  simply  because,  in  spite 
of  the  marked  inflammation  of  the  cornea,  the  lachrymation,  which  we  usually 
SCO  under  these  circumstances  in  other  coses,  is  absent.  The  secretion  of  the 
Iflchrjma!  gland  is  in  fact  dimini.shed  or  altogether  abrogated ;  nevertheles.s,  the 
.  tnotutening  of  the  eye  is  quite  sufllcient,  as  indeed  it  b  after  extirpation  of  the 
'  lachrymal  gland. 

The  rtA*CTi<¥  of  marked  »yruptoinit  of  irrltntion,  which  charactcrizcB  these  three 
varieties  of  keratitis,  is  accounted  for  in  the  keratitis  e  lagophthalmo  of  very 
sick  people  and  in  keratomalacia  by  the  general  depression  of  strength,  and  in 
keratitis  ncuroparalytica  by  the  insensitivenesss  of  the  eye.  The  irritative  symp- 
toms, which  in  other  cases  are  put  in  action  through  reflex  impulses  originat- 
ing in  the  sensory  nerves,  are  absent  in  the  case  of  paralysis  of  the  trigeminus. 
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The  three  forms  of  keratitis  are  hence,  in  spite  of  their  external  similarity, 
entirely  diflert-nt  from  each  other,  and  can  be  readily  differentiated  by  the 
clinical  jiicturc  which  they  present.  Keraliti»  e  lagophtlialmo  occupies,  as  a 
rule,  the  lowermost  part  of  the  cornea.  Kcratomalacia  begins  in  the  center  of 
the  cornea,  and  is  found  only  in  cliildren  who  arc  (he  subject»  of  a  ra[nd  decline 
of  nutrition.  Finally,  kerutitij»  ueurojxiralytira  is  characterized  most  of  all  by  the 
rapid  exfoliutioa  of  epithelium  over  the  whole  extent  of  the  cornea,  and  does 
not  occur  except  in  conjunction  with  a  trigeminal  paralysi.s  which  ran  he  ditig- 
nosticatcd  at  once.  The  confusion  between  the  three  varieties  of  keratitis 
just  described  is  furthermore  favored  by  their  nomenclature.  The  designation 
keratitis  xerotica,  chosen  by  Feuer  for  the  keratiti-s  of  desiccation  (keratitis  o 
lagophthalmo),  would  be  quite  a  good  one  if  it  did  not  lead  to  confusion  with 
simple  local  xerosis  of  the  corner  on  the  one  hand  and  on  the  other  with  kenito- 
raalacia,  in  which  xerosis  of  the  conjunctiva  imd  cornea  likewise  exists.  And, | 
aa  a  matter  of  fact,  some  authors  designate  kcratomalacia  under  tlie  name  of 
keratitis  xerotica.  In  order  to  avoid  this  confusion,  I  have  dropped  the  ex- 
pression keratitis  xerotica  altogether;  and  aa  I  do  not  wish  to  increase  tho 
number  of  epithets  still  further  by  the  invention  of  a  new  name,  I  use  the  old 
expression  keratitis  c  lagophthalmo  for  the  keratitis  of  desiccation. 


B.  Koy-auppuRATivE  Keratitis. 

(a)  Superficial  Formg. 

42.  1.  Pannus. — Pantma  consists  in  tho  new  formation  of  a  tissue 
resembling  granulations  directly  bcuoatli  tho  epithelium  of  the  cornea. 
Pannus  iä  to  be  looked  upon  as  au  affection  of  tlic  conjunctival  layer 
of  the  cornea  (conjunctiva  corneae,  see  page  125),  and  in  every  case  is 
ßimply  one  of  the  .symptoms  of  a  conjunctival  disease — that  is,  either 
of  cnnjuuctivitia  tracbomatosa  or  conjunctivitis  tymphatica.  We  hence 
make  a  distinction  between  pannus  trachomatosua  and  pannua  lym- 
phaticufi.  For  furtlier  particulars,  see  under  these  two  diseases  of  tho 
coujunctiva. 

2.  Keratitis  with  the  Formation  of  Vesicles.— Vesicles  on  the  cor- 
nea are  generally  small,  and  are  filled  with  a  limpid  liquid.  Their  an- 
terior wall  is  very  frail,  for  it  is  formed  simply  by  tho  epithelium  of  the 
cornea,  which  is  lifted  up  from  Bowman's  membrane  by  serinni.  More 
rarely  larger-sized  bleb.?  (bulla?)  occur,  the  anterior  wall  of  whicli  gen- 
erally consists  of  a  new-formed  connective  tissue  in  addition  to  the  epi- 
thelium, and  is  hence  more  resistant,  Tho  small  vesicles  are  ordinarily 
present  in  some  numbers,  while  the  large  blebs  generally  occur  singly. 
Violent  symptoms  of  irritation,  such  as  ciliary  injection,  lachrymation, 
photophobia,  and  more  especially  great  pain,  are  usually  present  dur- 
ing the  development  of  the  vesicle.  Those,  doubtless,  are  caused  by 
the  pulling  upon  the  conical  nerves  which  pass  into  the  epithelium, 
and  which,  in  the  process  of  formation  of  vesicles,  are  lirst  stretched 
and  finally  torn  in  two.  Tho  irritative  symptoms  ordinarily  disappear 
with  the  rupture  of  the  vesicles.    This  occurs  so  quickly  in  the  case  of 
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small  vesicles  that  wo  generally  do  not  get  n  sight  of  these  themselves 
at  all,  but  only  of  the  subsequent  small  defects  in  the  cpitheliura,  to 
the  margins  uf  which  the  epithelium  that  had  been  lifted  up  still  ad- 
heres in  loose  shreds.  The  large  bleb?;,  on  account  of  the  greater  firm- 
ness of  the  anterior  wall,  are  of  longer  duration.  They  are  not  tightly 
distended,  but  form  a  lax,  tremulous,  somewhat  dependent  sac.  After 
their  rupture  the  lax  anterior  wall  still  lies  upon  the  cornea,  and  can  bo 
readily  made  out  by  the  way  in  which  it  can  be  displaced  by  move- 
ments of  the  lids.  The  sensitiveness  of  the  cornea  to  touch  is  ordi- 
narily diminished  or  entirely  abrogated  in  cases  in  which  there  is  a 
formation  of  vesicles. 

There  are  the  following  varieties  of  keratitis  with  the  formation  of 
vesicles : 

(a)  IJerpes*  Fehrilis  Cornea  (Ilorner). — In  febrile  diseases,  espe- 
cially of  the  respiratory  organs  (most  frequently  in  epidemic  influenza, 
next  oftenest  in  bronchitis,  pneumonia,  ordinary  influenza,  etc.),  less 
frequently  in  other  febrile  diseases,  like  typhus,  iutemiittent  fever,  etc., 
email  vesicles  often  make  their  appearance  on  the  lips,  the  ala»  of  the 
nose,  the  eyelids,  the  ears,  etc.f  At  the  same  time  an  eruption  of  email 
transparent  vesicles,  which  arc  as.sociated  with  violent  symptoms  of 
irritation,  may  occur  upon  the  cornea.  These  are  scarcely  the  size  of 
a  pin's  head,  and  are  often  disjiosed  in  rows  or  in  groups.  The  vesi- 
cles very  speedily  nipture  and  leave  small  losses  of  substance,  the  floor 
of  which  shows  a  faint  opacity.  Generally  these  soon  heal,  so  that 
after  two  or  three  weeks  the  disease  is  over,  without  leaving  any  lasting 
opacity  of  the  cornea.  In  severe,  and  especially  in  neglected,  cases, 
however,  large  corneal  ulcers,  which  not  infrequently  have  a  branching 
form  (keratitis  dendritica,  see  page  152),  may  develop  from  the  small 
losses  of  substance. 

There  is  no  doubt  that  the  vesicles  npon  the  cornea  are  entirely 
analogous  to  those  which  develop  npon  the  skin.  Just  as  the  latter  are 
generally  present  only  upon  one  side  of  the  face,  so  also  the  affection 
of  the  eyes  is  usually  unilateral  in  its  development,  and  is,  moreover, 
confined  to  the  same  side  as  the  vesicles  u[K)n  the  face.  With  careful 
treatment  the  prognosis  is  good,  as  in  that  case  the  disease  generally 
gets  well  without  leaving  any  opacity.  The  treatment  is  purely  symp- 
tomatic, being  that  which  is  indicated  for  corneal  ulcers  generally — 
that  is,  in  the  main,  the  employment  of  a  protective  bandage  and  of 
atropine. 

(/3)  Ht'rprsi  Zoster  Cornem, — This  is  one  of  the  symptoms  of  hcrpca 
jsoster  J  ophthalmicus — that  is,  zoster  which  is  localized  in  the  region 


•  Pronl  ffwtvf,  to  creep. 
\  =  girdlc-cruption,  from  i^critf,  girdle. 
mioa. 


f  Hebra's  Iiprpe»  facialis. 
Wc  also  sipcak  of  it  aa  eoDa  opbthol- 
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of  distribution  of  the  trigeminus  (see  the  section  on  diseases  of  the 
lids,  §  107).  Tho  cornea  participates  in  the  morbid  process  by  form- 
ing amall  vesicles,  which  generally  are  arranged  in  groups  and  rupture 
speedily,  as  in  the  case  of  herpes  febrilis.  The  subsequent  course  of 
herpes  zoster  is  distinguished  from  that  of  herpes  febrilis  by  the  con- 
fcintfance  of  tho  irritative  symptoms  after  the  rupture  of  the  vesicles, 
and  by  the  marked  opacity  of  the  parenchyma  of  the  cornea  at  tlie 
apots  where  the  vesicles  were  situated.  It  takes  some  lime  for  the  opac- 
ities to  disappear,  nor  is  it  always  tho  case  that  they  disappear  com- 
pletely. Ilenco  the  disease  runs  a  chronic  course,  and  often  leaves 
permanent  opacities  of  the  cornea  after  it.  Xaturally  this  is  even  more 
true  of  those  cases  in  which  large  ulcers  develop  from  the  vesicles. 
The  insensitivenoss  of  the  cornea  to  touch  is  especially  pronounced  in 
herpes  zoster.  The  prognosis  of  this  variety  of  herpes,  from  what  has 
just  been  said,  is  less  favorable  than  that  of  herpes  febiilis  ;  the  treat- 
ment is  the  same. 

(y)  Keratitis  Vesiculosa  {et  Bullosa). — This  variety  occurs  in  eyes 
the  cornea  of  which  is  more  or  less  clouded  and  insensitive ;  in  eyes  with 
a  largo  corneal  cicatrix,  or  eyes  whicli  have  been  rendered  blind  by 
irido-cyclitis,  or  by  increase  of  tension.  Either  vesicles  which  are  small 
and  of  short  duration  form  with  the  accompaniment  of  violent  infiara- 
matory  Kymjjtoins  upon  tlie  cornea  (kertttUi::^  vesiculosa),  or  lai-ge  tremu- 
lous bulla'  develop,  which  last  for  several  days  before;  they  rupture  (kera- 
titis bullosa).  In  all  cases  tho  vesiclos  shOiV  a  great  tendency  to  take 
on  frequent  recurrences,  in  each  of  which  the  irritative  symptoms  sot 
in  anew. 

The  cause  of  the  formation  of  vesicles  appears  to  lie  in  the  abnormal 
conditions  of  the  lymph  circulation  which  are  without  doubt  present 
in  such  eyes.  By  st^isis  of  the  lymph,  tcdcma  of  tho  cornea  is  produced ; 
the  icdematous  fluid  penetrates  forward  until  it  gets  beneath  the  epi- 
thelium, and  then  lifts  the  latter  up  in  places  from  Bowman's  mem- 
brane. 

Tho  prognosis  is  so  far  unfavorable  in  that  the  disease  frequently 
recurs,  on  which  accoinit  the  affected  eye,  bes^ides  b-'ing  useless  for  pur- 
poses of  vision,  is  the  source  of  constant  discomfort  to  the  patient. 
Treatment  should  aim  at  relieving  the  condition  of  irritation  produced 
by  the  eruption  of  vesicles,  and  at  preventing  tho  recurrences.  The 
former  object  is  attained  by  opening  the  vesicles,  the  smaller  ones  being 
pricked,  and  in  the  case  of  the  larger  ones  the  anterior  wall  being  re- 
moved. In  order  to  prevent  a  recurrence  of  the  vesicles,  we  may  t^nch 
the  raw  spots  occurring  upon  tho  cornea  after  the  opening  of  the  vesi- 
cles with  a  nitrate-of-silver  solution,  or  wc  may  remove  the  most  super- 
ficial layers  of  the  cornea  in  these  spots.  Sometimes  wo  do  not  put  a 
stop  to  the  recurrences  until  wo  have  improved  tho  conditions  for  the 
nutrition  of  the  eye  by  means  of  an  iridectomy ;  wo  may  even  find  our- 
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selves  compelletl  to  porform  enucleation  of  the  diseased  cje  in  order  to 
giva  t)ie  patients  ease. 

With  reference  to  the  forms  of  kuratitis  associated  with  the  formation  of 
¥«■«5016«  there  has  l>ecn  a  good  denl  of  confusion,  partly  referable  to  the  lack  of 
clearness  in  the  nomencluture.  The  two  forms  of  herpes  cornea?  (heqics  febrilLs 
Hnd  heq>cs  zoster)  are  di^itinguished  from  keratitis  vesiculosa  and  bullosa  by 
their  attacking  a  cornea  which  previously  was  healthy.  Stellwng  uses  the  ex- 
pression herixis  corneas  in  quite  u  different  «ease,  designating  by  this  term  the 
efflorescences  of  conjunctivitis  lymphntica  when  they  develop  upon  the  cornea. 
The  expression  in  this  sense,  if  we  wish  to  employ  it  at  all,  should  only  be  used 
with  the  express  addition  of  "heqw»  cornco)  according  to  Stellwag." 

Apart  from  the  forms  above  dc:»cribed,  the  formal  ion  of  vesicles  upon  the 
cornea  is  further,  in  rare  cases,  observed  under  !«j>ecial  conditions— e.  g.,  as  a  re- 
sult of  the  action  of  varioj?,  and  particularly  of  corrosive,  substances  upon  the 
cornea,  after  bums,  after  a  cataract  operation  beneath  tl»c  bandage,  etc.  Cases 
ftlao  occur  in  which,  without  known  cause,  there  develop  upon  a  perfectly 
sound  cornea  vcaicles  or  butlip  the  formation  of  which  we  are  inclined  to 
attribute  to  nervoas  influences,  as  in  the  case  of  herpes  febrilis  and  herpes  zos- 
ter. Cases  of  this  sort  are  usually  characterized  by  periodical  recurrence.  I 
know  one  old  lady  who  for  twelve  years  has  been  olilig<'d  to  suffer  from  occa- 
eional  attacks  of  inflammation  in  her  eyes,  which  otherwise  are  sound.  The 
attack  occurs  once  or  twice  a  year,  and  affects  sometiuics  one  eye,  sometimes 
the  other.  It  is  associated  with  violent  pain,  great  photophobia,  and  profusa 
laclirymation.  In  the  first  days  of  tlie  ntt-vck  the  only  things  found  are  rcdcma 
of  the  lids,  great  ciliary  injeetion,  mid  u  cornea  covered  with  minute  elevations, 
ad  if  it  had  Iwcu  ntrewn  with  sind.  Then  u  large  trunsparent  bulla  develops 
upon  the  cornea,  after  the  rupture  of  which  the  inflammatory  .«ymptoms  rapidly 
abate,  and  the  epithelial  defect  heuls  without  leiiving  a  trace  behind. 

In  many  cases  of  keratilLs  in  which  vesicles  had  formed  upon  the  cornea  it 
wa.s  observed  that  after  the  rupture  of  the  vesicles  fine  filaments  adhered  to  the 
losses  of  substance  thus  produced  and  liung  down  loose,  for  which  reason  these 
cases  were  caWcdJfhmeutou^  k^ratitU  (Leber,  Uthoff,  Fischer).  The  fllomcnts, 
when  seen  under  the  microscope,  arc  composed  of  fine  fibers  twisted  like  a  rope, 
and  probably  consist  of  coagulated  fibrin. 

Perhajis  the  cases  of  recurrent  erotum  of  the  eomei,  which  .\rlt  first  described, 
belong  under  the  head  of  keratitis  with  the  formation  of  vesicles.  Here  a  loss 
of  substance  of  the  cortical  epithelium,  originating  in  a  superficial  traumatism, 
hcak  without  leaving  any  mark,  only  to  form  again  after  some  lime  with  violent 
symptoms  of  irritation.  Some  authors  believe  that  the  formation  of  a  vesicle 
precedes  the  recurrence  of  the  lo*s  of  substance,  while  others  could  not  con- 
•▼incc  themselves  of  the  existence  of  a  vesicle, 

A  form  of  Bui)crficial  keratitis  which  is  related  to  herpes  febrilis  comcas, 
but  is  not  a«8ociatod  with  the  formation  of  vesicles,  is  Vemtiti»  punrtatn  tnper- 
fieialU.  It  begins  with  the  symptoms  of  an  acute  conjunctivitis.  Changes 
in  the  cornea  are  observed  cither  at  tha  same  time  or  not  till  some  days  or 
wcck^  afterward.  Tliejie  changes  consist  in  the  presence  of  minute  gray  spots 
wliich^  a«  in  the  case  of  herpes  febrilis,  are  often  arranged  in  groups  or  in  short 
row».  They  are  sometime«  only  ten  to  twenty  in  niimlwr,  sometimes  very 
ttbuodant — upward  of  a  hundred.     They  are  cither  scattered  irregularly  over 
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the  cornea,  or  they  are  chiefly  mossed  together  in  the  central  portion ;  in  every 
case,  however,  tlie  marginal  portions  of  the  cornea  arc  the  part  least  covered  by 
the  «pots.  The  spot»  lie  in  the  most  superficial  layers  of  tlie  corncji,  which  latter 
look.s  rluU  because  the  epithelimn  over  the  spots  bulges  out  in  the  form  of  a  nodule. 
Tlie  irritative  symptoma  soon  diaappear,  but  the  spots,  as  well  as  the  i)unctate 
look  of  the  corneal  surface,  generally  rcmsiin  for  months  atmo^^t  imchanjfcd,  and 
then  very  gradually  disappear.  If  the  f*pots  are  not  numerous,  the  sight  remains 
unilLsturlied ;  if,  however,  many  spots  are  present,  i>articular)y  iu  tlie  center, 
the  acuity  of  virion  is  reduced  conÄiderably.  Keratitis  punctata  superficialis  ia 
found  most  freiiuently  iu  young  i>eople,  and  allecta  somctimca  one,  eometimes 
both  eyes.  It  often  begins  at  the  same  time  with  a  catarrh  of  the  air-i>aasnge8, 
just  as  heqies  febriUs  corncffi  does,  but  is  distinguished  from  the  latter  mainly 
by  the  absence  of  the  fumiation  of  J  rue  veHicles.  Hence,  too,  in  kenititi»  punc- 
tata superficial!»  the  superficial  losses  of  substance,  which  develop  from  the 
vesicles  in  herpes,  are  wanting,  and  for  the  same  reason  the  formation  of  ulcers 
iu  this  variety  of  keratitis  is  observed  only  oa  a  rare  exception. 

{b)  Deep  Forms  of  Non-suppiirative  Keratitis. 

43.  These  forms  have  as  a  common  characteriBtic  the  develop- 
ment of  an  infiltrate  in  tlie  middle  and  deep  layer»  of  the  cornea, 
an  infiltrate,  however,  which  ghows  no  tendency  toward  purnleiit  dis- 
integration, but. — generally  not  till  after  existing  quite  a  while — disiip- 
poars  again  by  resorption.  When  this  takes  place,  the  cornea  in  favor- 
able cases  clears  up  ag;iin  completely,  while  in  other  cases  opacities  of 
a  varying  degree  of  intensity  are  left,  and  are  sometimes  even  accom- 
puniinl  by  rtatteiiing  of  the  cornea.  In  keeping  with  the  deep  posi- 
tion of  the  intiUrate  in  the  cornea,  the  uveal  tract,  and  especially  the 
iris  and  ciliary  body,  are  almost  always  implicated. 

S.  Parenchymatous  KeratitiH* 

Symptoms  and  Course. — This  affection  may  run  its  course  in  two 
ways,  according  as  it  begins,  in  the  center  or  at  the  margins  of  the 
cornea.  If  the  disease  invades  the  center  of  the  cornea  first,  we  Bee 
gmall,  dim,  gray  niacid»  making  their  appearance  in  this  situation, 
and  lying  in  the  middle  and  deep  layers  of  the  coniea;  the  surface 
of  the  latter  is  lusterless  and  dull.  The  number  of  maculaj  gradually 
increases,  so  that  they  keep  extending  farther  and  farther  toward  the 
margin;  but  they  are  always  massed  most  thickly  in  the  center,  where 
they  frequently  become  confluent.  Since  even  between  the  maculaa 
the  cornea  is  not  clear,  but  shows  a  fino  diftuse  cloudiness,  the  entire 
cornea  may  in  severe  cases  ultimately  look  uniformly  gray,  like  ground 
glass.  As  soon  as  the  opacity  of  the  eoroea  has  advanced  somewhat 
farther,  vascularization  begins  by  the  penetration  of  vc^cls  into  the 
cornea  from  different  spots  upon  the  corneal  circumference.     Wo  see 


*  Synonyms:  keratitis  iaterstitiolis,  keratitis  profunda,  keratitis  diJlusa,  uveitis 
anterior. 
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the  vascular  trunks  coming  out  from  beneath  the  limbus,  because — as 
opposed  to  the  vessels  in  panuus — they  arise  from  the  deeply  situated 
Teasels  of  tlie  adjacent  sclera.  They  branch  in  tufts,  like  a  brush,  in 
the  deep  layers  of  the  cornea,  and  often  appear  quite  indistinct  and 
of  a  dirty-red  or  grayish-red  color,  because  they  are  covered  by  the 
clouded  superficial  layers  of  the  cornea. 

In  those  cases  in  which  the  disease  begins  at  tlic  margin  of  the  cor- 
nea, the  first  thing  that  strikes  us  is  that  the  latter  luis  grown  luster- 
less  and  clouded  at  some  spot  upon  its  margin.  The  cloudiness  is 
deeply  situated,  and  when  regarded  with  the  naked  eye  looks  uniformly 
gray,  but  with  the  magnifving-glasj;  can  generally  be  resolved  into  sepa- 
rate raacul»  or  dim  parallel  streaks.  Soon  similar  areas  of  cloudiness 
appear  at  other  spots  of  the  corneal  margin,  and  then  push  their  way 
forward  concentrically  from  all  sides  toward  the  center  of  the  cornea. 
Simultaneously  with  the  appearance  of  the  marginal  opacities  the  cor- 
responding portions  of  the  limbua  become  injected  and  the  vessels  of 
the  corneal  margin  begin  to  grow  out.  The  formation  of  vessels,  as  j 
far  as  it  originates  in  the  network  of  marginal  loops  in  the  limbua^j 
Boon  comes  to  an  end,  so  that  the  limbus  advances  only  u  little  way , 
out  upon  the  cornea,  where  it  looks  red  and  swollen  ("epaulet-like" 
swelling  of  the  limbus).  On  the  other  hand,  the  deep  vessi'ls,  which 
come  out  from  beneutli  the  limbus,  grow  farther  and  farther  into  tlie 
cornea,  and  follow  rlosely  upon  the  opacity  which  advanees  in  front 
of  them;  it  looks  as  if  they  were  pushing  the  opacity  before  them. 
These  vessels  have,  as  in  the  case  of  those  of  the  first  form,  the  char- 
actci-8  of  deeply  situated  vessels,  shown  by  their  peuicillate  branching 
and  by  their  didl,  dead,  grayish-red  hue. 

When  parenchymatous  keratitis  has  attained  its  acme,  the  cornea 
is  often  so  opaque  that  we  scarcely  recognize  the  iris  through  it.  At 
the  same  time  it  loses  its  luster  completely,  so  tliat  it  looks  as  though 
smeared  with  grease  (with  the  magnifying-glass  we  recognize  numer- 
ous minute  elevations  of  the  o])ithelium,  which  make  the  surface  of 
the  cornea  rough,  as  if  made  of  fine  shagreen).  Sight  is  reduced  to 
the  mere  recognition  of  the  movement  of  tlie  hand  before  the  eye,  or 
to  the  bare  distinction  between  light  and  darkness.  The  process  of 
recovery  now  begins  gradually,  starting  from  the  margin,  where  the 
cornea  first  becotnos  transparent  again,  while  at  the  same  time  the  ves- 
sels grow  constantly  fewer  and  fewer.  The  center  of  the  cornea  re- 
mains opaque  the  longest,  but  finally  clears  up,  too,  tintil  only  a  fine 
diffttse  cloudiness  remains,  which  causes  but  little  impairment  of  sight 
This  cloudiness,  together  with  a  few  very  minute  blood-vessels  which 
are  only  visible  with  the  magnifying-glass,  can  still  be  made  out  years 
afterward,  and  are  certain  signs  of  a  parenchymatous  keratitis  that  has 
once  existed. 

Parenchymatous  keratitis  always  runs  a  chronic  course.    The  in- 
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II;immatory  symptoms  keep  ou  increasing  for  one  or  two  months,  until 
the  dia«ias  has  reached  its  acme.  Then  the  irritative  symptoms  very 
aeon  abate«  and  tlu*  process  of  cleariug  up  of  the  coruea  makes  at  first 
rapid  progress.  Aiterward,  however,  it  goes  on  more  slowly  again,  and 
the  center  of  the  oornoa  in  |Murticular  remains  for  a  long  time  opaque, 
so  that  sight  is  not  restored  until  late  in  the  disease.  It  takes  from 
half  a  year  to  a  ye^ir,  or  even  more,  for  tiie  cornea  to  acquire  the  full 
dogrw  of  imudparency  which  it  is  possible  for  it  to  assume  with  an  in- 
llttn)auiiit>n  of  the  given  intensity. 

All  the  cases  do  not  run  their  course  in  the  way  described.  There 
ans  for  example,  many  lighter  cases,  iu  which  the  changes  do  not  go 
far,  and  which  hence,  too,  are  completed  in  a  shorter  time.  Thus  the 
turoooea  may  go  no  farther  than  the  furmation  of  a  few  maculie,  which 
't^radnally  disajipcnir  again  witJioiit  the  associated  inflamnmtory  symp- 
toms being  at  any  time  marked.  If  tlio  opacity  begins  at  the  margin 
of  the  cornea,  it  often  remains  confined  to  that  section  of  it  from  which 
it  originally  started.  In  that  case,  if  it  pushes  Us  way  farther  from 
the  margin  toward  the  center,  only  a  sector,  and  not  the  entire  cornea, 
is  rendered  o])aque.  Conversely  there  are  also — luckily  not  often- 
very  severe  cases  in  which  dense  opacities  remain  aa  a  permanency. 
Owing  to  the  inflammatory  infiltration,  softening  of  the  cornea  may 
bo  produced,  so  that  the  latter  gives  way  before  the  intra-octilar  presß- 
ure  and  kerateotasia  develops ;  in  this  case  al2>o  the  cornea  remains  per- 
manently opaque,  and  to  quite  a  marked  degree.  The  worst  cases  are 
those  in  which,  by  subsequent  shrinking  of  the  exudate,  the  cornea 
becutncs  flattened,  denst>ly  opaque,  and  of  a  tendinous  appearance,  in 
which  case  the  sight  is  nearly  or  quite  all  lost. 

Just  as  great  variations  exist  in  regartl  to  the  thickness  and  extent 
of  the  infiltration,  so  they  do  also  in  regard  to  the  rdoatlarizaiiou.  In 
many  cases  the  cornea  is  so  abundantly  vascularized  that  it  looks  like  a 
red  cloth ;  in  others,  on  the  contrary,  it  is  almost  devoid  of  vessels,  and 
is  like  white  ground  glass.  Lying  between  these  extremes  are  numer- 
ous cases  in  which  vessels  develop  from  only  single  spots  upon  the  cor- 
neal margin,  so  that  simply  a  sector  of  the  cornea  looks  red,  or  so  that 
oidy  single  tuft^  of  vessels  are  discoverable.  Hence  we  may  distinguish 
between  a  vascular  and  a  non-vascHhir  form,  according  to  the  relations 
of  the  vessels.  It  must  be  remarked,  however,  that  even  in  the  non- 
vaüculiar  form  one  or  two  vessels  can  generally  be  made  out  with  the 
aid  of  the  magnifying-glass. 

When  we  consider  how  the  cases  vary  hoth  in  respect  to  the  opacity 
and  to  vascularization,  we  comprehend  why  parenciiymatous  keratitis 
should  present  a  very  varying  clinical  picture,  and  hence  often  offer  diffi- 
culties in  the  way  of  diagnosis  for  the  beginner.  But  we  shnll  generally 
be  able  to  make  the  diagnosis  with  certainty  if  wo  hold  fast  to  those 
symptoms  which  are  common  to  all  the  cases — tuuuely,  the  deep  situa- 
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tion  of  the  opacity  and  of  the  vessels,  the  typical  increase  in  the  iu- 
Gltration  up  to  a  certiiln,  usimlly  considerable,  degree,  and  finally  the 
absence  of  purulent  disintegration,  so  that  the  formation  of  ulcers 
fMtW  takes  place. 

Parenchymatous  keratitis  is  accompanied  by  irritnlive  .^ymptoins^ 
such  as  pain,  phutopliobia,  and  lachrvmiition.  These  are  sometimes 
very  slight,  sometimes  violent;  in  general  we  may  say  that  they  are 
more  pronounced,  the  greater  the  amount  of  vascularizjition  with  which 
the  keratitis  is  associated.  Furthermore,  parenchymatous  keratitis  is 
almost  always  complicated  with  iußammalion  of  the  uveal  tract.  In 
the  lightest  cases  there  is  merely  hyperaimia  of  the  iris,  which  makes 
itself  apparent  by  the  failure,  complete  or  nearly  so,  of  the  pupil  to 
dilate  under  atropine.  In  severe  cases  there  is  iritis,  which  may 
lead  to  the  furnnition  of  posterior  synechia»,  the  formation  of  deposits 
upon  the  j)osterior  surface  of  the  cornea,  and  seclusion  and  occlusion 
of  the  pupil.  In  particularly  bad  cases  a  plastic  irido-cyclitis  develops, 
which  terminates  in  flattening  of  the  cornea,  or  even  in  atrophy  of  the 
eyeball. 

Parenchymatous  keratitis  generally  attacks  both  eyes,  and  more 
frequently  both  in  euccession  than  both  at  once.  Sometimes  there 
is  even  an  interval  of  several  years  between  the  involvement  of  the  two 
eyes.     Recurrences  of  the  disease  take  place,  but  uro  rare. 

The  prognosis  of  the  disease,  from  what  has  been  said,  is  unfavor- 
able as  regards  its  duration,  inasmuch  as  it  drags  on  for  months  and 
years,  especially  if  the  two  eyes  are  sncces-sively  attacked.  On  the 
other  hand,  the  prognosis  in  regard  to  the  ultimate  outcome  must  be 
put  down  as  good,  because  in  by  far  the  greater  number  of  the  cases  a 
good,  or  at  least  serviceable,  degree  of  sight  conies  back.  By  holding 
up  this  prospect  of  recovery  the  physician  must  keep  up  the  courage  of 
his  patient,  who,  because  of  the  slow  progress  of  the  disease,  is  very 
apt  to  lose  all  hojie  of  a  restoration  of  his  eight 

EStiology. — Paix'nchyraatous  keratitis  is  a  disease  of  youth,  appear- 
ing, as  a  rule,  between  the  sixth  and  the  twentieth  year  of  life.  It  is 
only  the  exception  that  persons  before  or  after  tins  ^ge  (sometimes 
even  after  the  thirtieth  year)  are  attacked.  The  fomde  sex  suffers 
from  it  more  frequently  than  the  male.  The  ordinary  cause  of  the 
dise-^ise  is  syphilis,  and  esj)ecially  hereditary  syphilis.  To  prove  the 
existence  of  hereditary  sj-philis  from  the  history  of  the  case  directly — 
L  e.,  by  getting  the  father  or  mother  to  confess  to  syphilis — is  often  a 
difficult  thing  to  do.  Besides,  in  most  cases  it  is  not  at  all  necessary, 
since  hereditary  syphilis  can  generally  be  recognized  with  snflicient 
certainty  from  a  series  of  symptoms.  In  that  case,  we  abstain  from 
qncstioning  the  parents  in  regard  to  this  matter,  the  more  so  since 
it  would  bo  a  severe  reproach  to  them  to  have  to  recognize  in  their 
own  persons  the  cause  of  their  children's  illness.     On  the  other  hand, 
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it  is  a  good  thing  to  determine  by  qnestioiiiug  wbctlier  many  children 
have  diwi  in  tlie  family  (the  mortality  of  the  children  of  syphilitic 
parents  amoiuits,  oil  uu  average,  to  fifty  per  cent)^  whether  premature 
labors,  and  especially  those  in  which  the  ftetiis  is  dead  or  putrefied, 
have  not  occurred,  etc. 

The  symptoms  of  hereditary  syphilis  which  patients  with  paren- 
chymatous kerutitig  frerjiiently  exhibit  are  as  follows: 

1.  A  peculiar  fornwtiun  of  the  face  and  cranium.  The  upper  jaws 
are  markedly  flat,  and  the  bridge  of  the  nose  low  and  often  sunken  in. 
Not  infrequently  there  exists  ozrena  or  bSenuorrlia?a  of  the  lachrymal 
Buc,  the  latter  iu  consequence  of  the  changes  in  the  nose.  The  frontal 
eminences  arc  very  prominent.  The  intelligence  of  these  patients  is 
often  abnormal,  they  being  either  precocious,  or,  on  the  other  hand, 
backward  in  the  mental  development. 

2.  The  incisor  t^-eth  are  abnormally  shaped  (Hutchinson),  so  that, 
iustead  of  a  straight  edge,  they  show  a  semilunar  indentation.  This 
change  exists  only  in  the  teeth  of  the  second  dentition,  and  then  most 
frequently  in  the  upper  central  incisor  teeth.  These  arc  often  also 
stunted  in  tlieir  growth  as  a  whole,  so  that  they  arc  either  too  small  or 
are  altogether  wanting. 

3.  At  the  angles  of  the  mouth  wc  may  find  fine  linear  cicatrices  as 
relics  of  former  rhagades ;  so  also  cicatrices  in  the  buccal  and  p!iar}"n- 
geal  cavities  (especially  on  the  hard  and  soft  palate)  point  to  the  exist- 
ence of  antecedent  syphilitic  ulcenitioua, 

4.  Numerous  enlarged  lymphatic  glands  can  be  made  out,  especially 
ujwn  the  neck.     These  are  small,  hard,  painles3,  and  with  no  tendency» 
toward  ulceration,  by  which  characters  they  are  distinguished  from  the 
lymph  glands  of  scrofulous  subjects,  which  are  large  and  soft,  and 
readily  undergo  caseation. 

5.  Swellings  of  the  periosteum  (tophi),  which  are  hard  and  are  but 
little  or  not  at  all  painful,  occur  on  the  long  bones.  They  are  most 
frequently  and  most  easily  found  upon  the  anterior  border  of  the  tibia. 
Sometimes  a  serous  inflammation  of  the  knee-joint  (hydrops  genu}  is 
present ;  caries  is  rare. 

6.  We  frequently  find  hardness  of  hearing,  which,  with  the  oatbreak 
of  the  keratitis,  sometimea  increases  to  absolute  deafness- 
It  is  important  to  look  for  all  of  these  symptoms,  for  any  one  of 

them  by  itself  is  not  to  bo  looked  ujion  as  conclusive  evidence  of  the 
existence  of  hereditary  syphilis ;  and,  on  the  other  hand,  we  ought  not  tc 
expect  to  find  all  the  changes  above  given  distinctly  marked  in  the  same 
individual  at  once.  The  more  carefully  we  make  our  investigation, 
the  greater  is  the  number  of  these  symptoms  that  we  are  able  to  estab- 
lish; 80  that  we  arrive  at  the  conviction  that  by  far  the  greatest  number 
oi  cases  of  parenchymatous  keratitis  are  to  be  referred  to  hereditary 
syphilis.     In  very  rafe  cases  this  form  of  keratitis  is  also  observed  in 
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acquired  syphilis.  A  few  cases  may  depend  upon  scrofula,  wliilo  in 
matiy  no  cause  at  all  that  we  cau  be  sure  of  is  discoverable  to  account 
for  the  eye  disease. 

Treatment. — Local  treatment  during  the  period  of  progression  con- 
sists in  combating  the  infliimmation  by  protecting  the  eyes  from  light 
and  by  instilling  atropine,  which  latter  counteracts  the  complications 
arising  from  the  iris.  Moist  warm  compresses  often  ameliorate  the 
Bjinptoms  of  irritation,  and  accelerate  somewhat  the  jirogrcss  of  the  dis- 
ease. In  the  regressive  period,  the  thing  to  do  is  to  secure  tis  thorough- 
going a  clearing  up  of  the  cornea  as  possible.  For  this  purpose  the 
well-known  irritant  remedies — like  calomel,  tincture  of  opium,  yellow- 
precipitate  ointment,  hot  steam,  etc. — arc  indicated  (see  j>ago  150). 
These,  however,  should  only  be  brought  into  application  when,  on 
making  cautious  tests,  the  eye  is  found  to  bear  them  well^i.  o.,  docs 
not  fall  once  more  into  u  profound  state  of  irritation.  It  is  advis^ible 
to  keep  on  with  these  remedies,  interchanging  them  frequently,  for  a 
very  long  time — for  months  or  years.  If  octasis  of  the  cornea  threatens, 
it  is  to  be  combated  by  a  pressure-bandage,  which,  if  necessary,  can  be^ 
combined  with  repeated  paracentesis  of  the  cornea. 

General  treatment,  in  those  cases  in  which  hereditary  syphilis  is' 
the  cause,  must  be  directed  against  the  latter.  Mercurial  treatment, 
which  is  of  such  marked  service  in  acquired  syphilis,  is  hero  ordinarily 
less  efficient.  Since  it  is  at  the  same  time  a  very  energetic  method  of 
treatment,  it  is  advisable  to  apply  it  in  the  severe  cases  only.  In  adults 
we  had  best  select  the  treatment  by  inunction,  in  children  the  internal 
administration  of  con-osive  sublimate  (giving  pills  of  one  milligramme, 
beginning  with  one  a  day,  and  increasing  the  dose  to  from  six  to  ten 
pills  a  day,  according  to  the  age).  In  doing  this  wo  must  be  mindful 
to  pay  careful  attention  to  the  cuiuliliou  of  the  mouth,  in  order  to  avoid 
salivation.  In  the  lighter  cases  of  parenchymatous  keratitis  we  prefer, 
in  place  of  mercury,  a  simple  corroborative  treatment  with  the  simul- 
taneous employment  of  remedies  containing  iodine  (cod-liver  oil  with 
iodine,  iodide  of  iron,  and  mineral  waters  containing  iodine,  the  latter 
especially  as  a  form  of  after-treatment).  Unfortunately,  we  must 
say  that,  in  general,  treatment  is  pretty  nearly  powerless  against  this 
disease.  Parenchymatous  keratitis  in  many  cases,  even  under  the 
most  careful  treatment,  runs  a  course  that  is  not  essentially  different 
from  what  would  hate  been  the  case  without  any  treatment;  not 
infrequently  wo  see  the  disease  while  under  treatment  break  out  in 
the  other  eye,  without  our  l>eing  able  to  prevent  the  opacity  from 
spreading  gradually  over  the  entire  cornea  in  this  eye  also.  The 
chief  use  of  treatment  consists  in  its  combating  the  complications 
arising  from  the  uvea,  and  also  in  securing  a  more  rapid  and  more 
perfect  clearing  up  of  the  corneal  opacities  during  the  period  of 
regression. 
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Up  to  the  present  time  it  haa  been  possible  to  make  an  anatomical  ex&mlna- 
''tion  of  an  eye  ailoclcd  with  parenchymatous  keratitig  in  a  few  cases  only.  The 
examination  ahowa  dense  infiltration  of  the  most  posterior  layers  of  the  cornea, 
BO  that  they  sometimes  appear  a«  if  transformed  into  granulating  tissue  (t,  Fig. 
87);  moreover,  in  the  posterior  and  middle  layers  of  the  sectiou  we  see  numer- 
otu  newly  formed  blood-vessels  (Fig.  87^  g).    The  infiltratioii  at  the  margin 
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Fig.  87.— Cnosa-BBcnoK  tbroüob  a  Ooritica  mm  PiRKjroimiATor»  Keiutttm. 

100  X  1.     (ArTB*  A  PRKPlSJkTIO!«  OV   OK.  NOBOSNaOK.) 

The  itroma.  8.  of  Ibe  cornea  sbowH  an  innitmtioa,  which  besrina  in  the  middle  Uypn,  and  keept 
on  incri'iudnK  nion»  and  more  posteriorly,  8o  thai  the  «Twpest  layer«,  i.  have  nasiimed  tfia 
•KptK-t  of  a  RTaiiiilAtloK  tiHKUi«.  On  acc-ouut  of  the  infKjiiality  in  the  (it^Bn'f  of  thiclcenluK  of 
Uli«*  laytTM,  1  >.-;.•»•  I n«'!':«  nienibrune,  /I,  is  iin<Iii1iit<-<i  ;  up«in  its  eiiil<i(hi-liiini  tiierv  art*  dupes- 
It«!  Id  pUu-t«  small  accumulolion«  oC  round  cells,  r.  In  the  middle  and  deep  layers  of  the 
cornea  we  nee  the  transverse  and  lonKitudlual  st.'CtioDj;  of  newly  fumied  bUmd -vessels,  j,  ff, 
whUe  the  moat  anterior  Ugrert,  and  also  Bowiiian''a  membrane,  B,  and  the  epithelium,  £,  ar« 
nuriiial. 


of  the  cornea  i.s  continued  into  the  li^mcTihim  pectinatum,  the  iri.s,  and  the 
riUnry  body.  In  one  case  (in  a  fourteen -yeiir- old  boy)  I  found  this  region  infll- 
Umtffd  with  numerous  nudulea  which  were  composed  of  small  cells  and  which 
iMd  •  pertain  re»emblance  to  tubercles,  although  it  was  not  po.ssible  for  me  to 
i^MNiMlnte  »he  presence  of  tubercle  bacilli  or  of  other  micro-organisms. 

According  to  the  results  of  anatomical  us  vrnU  us  clinical  examination,  there- 
gjCK  |M«ttchyinatou»  keratitis  is  situated  in  the  most  iK>sterior  layers  of  the 
wktdl,  according  to  the  teachings  of  embryology,  are  to  be  classed  with 
(«Mr  p«g«  125),  for  which  reason  Stellwag  calls  tliis  disease  uveitis 
ll  «hould  not,  therefore,  excite  otu-  astonishment  if  the  uvea  proper 
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Is  also  always  implicated.  To  be  sure,  tho  participation  of  the  uvea  in  the  in- 
flammation ia  not  always  by  any  means  equtilly  pronounced.  Minute  deposits, 
which  are  discovered  in  making  a  careful  examination  of  the  cornea  with  the^ 
magnify  in  g-g1ass  at  the  time  when  the  opacity  is  resolving,  arc  Kcaroely  ever 
wanting.  Beside«  thes«,  the  most  frequently  occurring  complications  are  pos- 
terior pynechiae  and  also  chorioiditic  foci;  hypopyon,  on  the  other  hand,  is  ex- 
tremely rare.  In  many  coses  the  part  that  the  uvea  takes  is  ao  slight  as  not  to 
be  clinically  demonstrable;  in  other  cases,  on  the  contrary,  it  is  so  very  promi- 
nent, as  compared  with  tho  process  in  the  comoa,  that  what  wc  have  before  ua 
is  really  an  irido-cyclitis — the  share  that  the  cornea  takes  in  the  process  being 
evidenced  only  by  the  presence  of  a  few  spots  of  opacity  in  its  deep  layers. 
Thus  there  exists  a  continuous  scries  of  intermediate  forms  between  typical ' 
parenchymatous  keratitis  and  irido-cyclitis  c  lue  hereditaria. 

Among  the  more  frequently  occurring  variations  in  the  clinical  picture  of 
pnenchymatous  keratitis  the  following  may  (te  mentioned:  In  that  form  which 
begins  with  maculie  in  the  central  portions  of  the  cornea  it  not  infrequently 
happens  that  the  maculte  at  a  certain  distance  from  tho  comoa  are  placed  par- 
ticularly close  together,  and  thus  form  a  very  o[>ai)uc  ring,  which  still  remains 
visible  as  a  gray  circle  even  when  the  separate  maculte  have  coalesced  into 
A  continuous  mass  of  cloud incs.s  (hence  described  by  Vossiu."}  in  brief  as  kera- 
titis centralis  annularis).  Allied  to  these  cases  are  those  in  which  the  cen- 
trjl  part  of  the  cornea  becomon  particularly  opaque  through  the  confluence  of 
the  maculie,  and  forms  u  white  disk  pretty  sharply  separated  from  the  less 
opaque,  marginal  portions  of  the  cornea.  I  have  seen  several  cases  in  which  this 
central  opacity  remained  permanently  after  the  marginal  portions  had  cleared 
up,  and  formed  a  dense,  white,  sharply  circumscribed  spot  in  the  center  of  each 
cornea,  just  as  if  a  deeply  |>enetrating  central  ulcer  hatl  previously  existed. 
Sometimes  the  distribution  of  the  iufiltrulion  in  the  cornea  is  such  that  the 
densest  ofwicity  occupies  the  lowest  part  of  the  cornea,  as  if  the  products  of 
Inflammation  had  arranged  themselves  in  the  cornea  in  obedience  to  the  law  of 
gravitation.  In  that  case  the  opacity  is  bounded  above  by  a  convex  line,  or  it 
forms  a  triangle,  the  base  of  which  corresponds  to  the  lower  margin  of  the  cor- 
nea, while  its  a])ex  looks  upward.  The  permanent  opacity  which  results  from 
tliia  has  the  greatest  similarity  to  tho«;  triangular  opacities  in  the  lower  part  of 
the  cornea  which  are  left  by  an  iriilo-cyclitis,  when  an  exudate  at  the  bottom 
of  the  anterior  chamber  has  remained  for  a  pretty  long  time  deposited  upon  the 
posterior  eurface  of  the  cornea.  Iir  irido-cyclitis  resulting  from  acquired  syphi- 
lis it  not  infrequently  hii])pcns  that  isolated  gray  macula-  appear  in  the  middle 
and  deep  layers  of  the  cornea.  These  have  been  described  by  Muulhner,  Hock, 
Purtachcr,  and  others  as  keratitU  punctata  »yphilitiea.  This  is  distinguished 
from  keratitis  punctata  superficialis  (page  171)  not  only  by  the  etiology,  but 
also  by  the  situation  of  the  maculie  in  the  deep  layers  of  tl»c  cornea,  and  might 
therefore  be  snitably  characterized  as  keratitii  punttatti  profunda. 

The  vessels  in  parenchymatous  keratitis  generally  lie  in  the  deep  layers. 
Yet  it  often  enough  happens  that  wc  find,  cqiecially  with  the  aid  of  the  mag- 
nifying-glass,  a  few  vessels  also  which  evidently  arise  from  the  network  of 
marginal  loops  or  from  larger  conjunctival  blood-vessels,  and  which,  therefore, 
lie  superficially  in  the  cornea.  All  ves-sels  tend  toward  the  center  of  the  cornea, 
but  do  not  generally  reach  it,  bo  that  here  a  roundish  spot  of  the  «üc  of  a  millet- 
•eod  or  more  remains  devoid  of  vessels.     The  vascular  portions  of  the  cornea 
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look  rod,  and,  if  the  vessels  arc  abundant,  rise  above  the  level  of  the  non-voscti- 
lor  center;  the  latter,  ncoordingly — which,  in  consequence  of  the  marked  in- 
filtration, is  gray  or  even  yellowish-gray — is  depressed.  We  must  not  on  tliis 
account  allow  ourselves  to  be  led  iuio  error  and  consider  the  depressed  gniy 
spot  as  an  ulcer  ;  for  parenchymatous  kenititis  does  not,  as  a  general  thing, 
lead  to  ulceration.  Excc'ptioniä  to  this  rule,  though  rare,  do,  however,  occur. 
I  have  ecen,  in  fact,  two  cusea  in  which  perforation  had  taken  place  in  tlic  center 
of  the  cornea. 

The  anterior  chaniber  in  parcDchyrnatoua  keratitis  is  often  found  to  be 
deeper  than  usual,  a  cirnumstance  w  liich  should  not,  however,  be  referred  with- 
out further  con-sideration  to  an  ectosis  of  the  cornea,  a  thing  which  occurs  quite 
rarely.  On  the  contrary,  we  are  in  this  case  ordinarily  dealing  with  a  reces- 
sion of  the  iris  due  to  the  increased  eecrction  of  aqneous  humor,  resulting 
from  the  irritation  of  the  iris.  This  irritation  is  in  part  responsible  for  the  fact 
tlia»,  during  the  existence  of  the  inflammation,  frequently  no  dilatation  of  the 
pupil  can  be  obtained  by  atropine.  But  here  there  is  evidently  another  factor 
that  must  be  considered,  and  that  is  that  the  atropine  does  not  diffuse  tlirough 
the  itLäamud  cornea  to  the  same  extent  as  it  does  through  a  sound  one,  so  that 
it  doe&  not  in  fact  get  into  the  aqueous  humor  in  sufBcfent  quantity  to  dilate 
the  pupil. 

The  intra-ocular  pressure  not  infrequently  show.s  an  alteration  in  parenchy- 
matous kemtiti.«.  Generally  it  is  diminished  so  that  the  eye  appears  softer, 
although  we  need  not  therefore  imagine  that  an  atrophy  of  the  eyeball  is  be- 
ginning. An  increase  of  tension  is  but  rarely  observed,  and,  when  it  is,  some- 
times occurs  years  after  the  inflammation  has  run  its  course.  I  have  seen  thia 
even  in  those  cases  in  which  no  ectasis  of  the  cornea  has  been  left.  Perhaps  in 
such  a  case  the  increase  in  teusion  was  to  be  attributed  to  the  chorioiditis  wliich 
accompanies  many — in  fact,  most — cases  of  keratitis  parcnchymatosa.  This 
chorioiditis  is  localized  in  the  most  anterior  segment  of  the  chorioid  (chorioid- 
itis anterior),  which  is  covered  with  numerous— in  most  cases  black— spots. 
This  variety  of  chorioiditis  would  probably  be  set  down  among  the  most  fre- 
quent symptoms  accompanying  parenchymatous  keratitis  if  the  examination 
with  the  ophthalmoscope,  «nd  hence  th«;  determination  of  the  presence  of 
chorioiditw,  were  not  rendered  impostsihle  while  the  inflammation  lasted  by 
the  cloudine«a  of  the  cornea.  The  making  of  this  examination  and  diagnosis 
can  only  be  done  when  the  cornea  has  cleared  up  once  more  after  the  inflam- 
mation haa  run  its  course.  It  is  also  often  po.saibIi>  to  make  out  the  existence 
of  j>eriphcral  chorioiditis  in  the  other,  as  yet  uninflaraed  eye.  Another  and 
rarer  complication  of  parenchymatous  keratitis  is  a  diffuse  scleritis  in  the 
region  surrounding  the  cornea.  Tills  may  subsequently  give  rise  to  ectasire 
of  the  sclera. 

The  typical  course  of  parenchymatous  keratitis,  and  the  participation  of  both 
eyes  in  it,  early  suggested  the  idea  of  its  being  due  to  a  constitutional  cause. 
Thus  Mackenzie  gave  an  excellent  description  of  this  dLu-asc  under  the  name  of 
comeitia  scrophulosa,  and  at  the  same  time  gave  a  number  of  the  accompanying 
symptoms  which  he  looked  upon  as  signs  of  scrofula.  Hutchinson  has  the 
credit  of  having  completed  thi.t  series  of  symptoms,  and  of  having  at  the  same 
time  furnished  the  proof  that  they  belong  not  to  scrofula,  but  to  hereditary 
syphilis.  This  novel  view  was  slow  in  making  its  way.  Many  at  first  would 
only  allow  that  it  was  true  for  a  limited  number  of  cases,  and  hence  divided 
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parenchymatous  korntitiB  into  two  forms,  which  they  called  keratitis  scrophu- 
losa  and  keratitis  syphilitica.  According  to  Arlt,  the  former  is  characterized 
by  an  abundunt  dcTelopmont  of  vessels;  in  the  syphilitic  form,  on  the  other 
hand,  the  vessels  arc  scanty  or  altogether  wanting,  while  the  part  taken  by  the 
im  is  much  more  prominent.  But  the  more  precise  our  knowledge  becomes  in 
regard  to  the  symptoms  of  hereditary  uyphilia,  the  more  eurely  we  arrive  at  the 
conrictioQ  that  thia  di.soase  lies  at  the  root  of  parenchymatous  keratitis,  what- 
ever form  the  latter  may  exhibit.  Parenchymatous  keratitis  belongs  among 
the  latest  forms  under  which  hereditarj'  sypliilis  appears,  and  is  hence,  and 
rightly,  regarded  as  one  of  tlie  most  important  and  most  frequent  symptoms 
the  late  hereditary  form  of  the  disease. 

The  following  history  may  serve  to  show  how  from  different  symptoms  we 
get  at  the  diagnosis  of  hereditary  syphilis.  A  twelve-year-old  girl  with  par- 
enchymatous keratitis  of  both  eyes  was  brought  into  the  clinic  by  her  mother. 
The  latter  declared  that  she  had  no  knowledge  of  syphilis  either  a«  regards  her- 
self or  as  regards  her  deceased  husband.  She  only  admitted  that  the  latter  had 
led  an  irregular  life.  The  woman  went  on  to  say  that  ^hc  had  licen  pregnant  by 
tills  man  ten  times  in  all.  From  the  first  four  pregnancies  came  four  children 
(»he  eldest  at  present  about  twenty-two  years  old),  who  are  all  healthy.  The 
fifth  child  died  at  the  end  of  one  yc.ir,  the  sixth  pregnancy  ended  in  an  abortion, 
the  seventh  child  is  the  little  patient  who  is  brought  into  the  clinic,  the  eighth 
child  died  at  the  age  of  nineteen  months,  the  ninth  child  is  living  but  is  always 
sickly,  and  the  tenth  died  at  the  age  of  six  weeks.  Then  the  husband  died  in 
conoequencc  cC  an  accident ;  the  woman  married  a  !>ccond  time,  and  has  had  by 
her  second  husband  two  perfectly  healthy  children.  The  woman's  daughter  who 
was  brought  into  the  clinic  was  deaf;  she  presented,  in  addition  to  the  poren- 
chymatous  keratitis  of  both  eyes,  the  characteristic  formation  of  the  cranium 
belonging  to  syphilitic  children.  The  teeth  showed  the  form  described  by 
Ilutchinson;  numerous  small,  hard  lymphatic  glands  were  found  upon  the  neck. 
I  made  the  younger  sister  (the  woman's  ninth  child)  come  too.  She,  who  is  a 
feeble  girl,  is  not,  to  be  sure,  absolutely  deaf,  but  hears  very  badly,  has  the 
characteristic  formation  of  the  face  nml  swollen  lymphatic  glands  Uf.on  the 
neck,  and  the  teeth— they  are  still  the  milk-teeth — are  markedly  email  and 
separated  by  wide  interspaces.  Externally  the  eyes  look  healthy,  but  in  both 
(he  peri{)hery  of  the  fundus  is  found  by  the  ophthalmoacopc  to  be  covered  with 
»pots,  black  as  ink,  lying  in  the  chorioid.  The  correct  interpretation  of  this 
history,  without  donbt,  is  that  the  woman's  first  husband  had  acquired  syphilis 
after  the  fourth  pregnancy.  While,  therefore,  the  woman's  first  four  children 
enjoy  very  good  health,  only  two  of  the  children  of  the  six  following  births 
are  living,  and  both  are  sickly,  both  marked  with  evident  symptoms  of  heredi- 
tary syphilis.  When  the  woman  had  become  pregnant  by  her  second,  healthy 
husband,  «he  had  healthy  children  once  more.  From  the  history  just  submitted, 
it  can  be  deduced  that  the  examination  of  the  little  patient's  brothers  and  sisters 
may  often  contribute  to  the  clearing  up  of  the  case,  inasmuch  as  we  may  find 
in  them,  too,  symptoms  of  hereditary  syphilis,  and  thus  may  »till  further  con- 
firm the  diagnosis.  Moreover,  it  ia  not  at  all  rare  for  two  or  even  three  of  a 
set  of  brothers  and  sisters  to  be  affected  with  parenchymatous  keratitis. 
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4.  Keratitis  Profunda* 

44.  la  thia  a  gray  opacity  develops  very  gradually  in  the  cornea 

— ordinarily  in  its  ceuter— an  opacity  which  is  situated  in  the  middle 
and  deep  layers  of  the  cornea,  and  over  which  the  corneal  surface  ia 
gray  and  punctate,  but  not  depressed.  Seen  with  the  naked  eye,  the 
opacity  looks  uniformly  gray,  while  with  the  niagnifying-glasa  it  may 
be  resolved  into  separate  points  and  macula«,  or  into  gray  interlacing 
striae.  After  the  opacity  has  remained  for  some  time  (several  weeks) 
at  its  acme  it  begins  to  slowly  abate,  without  ulceration  having  taken 
place.  The  development  of  vessels  is  citlier  entirely  absent  or  is  very 
inconsiderable.  The  accompanying  symptoms  of  inflammatory  irrita- 
tion are  sometimes  slight,  sometimes  pretty  violent.  Tlie  pai-ticipation 
of  the  iris  is  mostly  limited  to  hypcrai-mia.  The  disease  lasts  from  four 
to  eight  weeks  or  more.  In  the  lighter  cases  it  terminates  in  a  cora- 
]»lete  restoration  of  the  transparency  of  the  cornea,  while  in  other  cases 
diffuse  opacities  remain  permuuontly  in  the  center  of  the  cornea. 

Of  the  causes  of  keratitis  profunda  the  following  are  known  :  1.  A 
rheumatic  basis,  furnislied  cither  by  a  cold  or  by  a  preceding  articular 
rhoumatisTii.  Arlt  has  characterized  such  cases  as  keratitis  rheumatica. 
These  ordinarily  run  their  course  with  marked  inflammatory  sym2>toms, 
especially  with  violent  pain  and  photopliobia.  2.  Intermittent  fever 
in  its  chronic  form  of  malarial  cachexia  somelimes  results  in  a  keratitis 
profunda,  which  is  characterized  by  the  absence  of  marked  symptoms 
of  irritation,  and  also  by  an  unusually  chronic  course.  3.  After  in- 
juries, especially  contusions,  a  keratitis  profunda  not  infrequently  de- 
velops the  peculiarity  of  whicli  is  its  relatively  rapid  course  and  the 
speedy  restoration  of  the  transparency  of  tlio  cornea.  In  very  many 
cases  the  cause  of  the  keratitis  profunda  remains  unknown. 

Treatment  consists,  locally,  in  the  application  of  a  bandage  or  of 
protective  glasses,  and  the  use  of  atropine  and  moist  warm  compresses, 
provided  these  are  well  borne.  After  the  inflammatory  symptoms  have 
run  their  coui'se,  irritant  remedies  for  clearing  up  the  opacity  are  indi- 
cated. The  general  troatmont  depends  upon  the  cause  that  we  are  able 
to  discover  for  the  keratitis. 


5.  Sclerosing  Keratitis. 

Thia  is  an  accompanying  symptom  of  scleritis  (see  §  53).  If  a 
sclcritic  uodule  is  Bituatcd  near  the  margin  of  the  cornea,  there  de- 
velupa  in  the  adjacent  portion  of  the  latter  an  opacity  which  is  situ- 
ated iu  its  deeper  layers.  It  has  approximately  tlie  shape  of  a  triangle, 
the  base  of  which  is  sitaated  at  the  corneal  margin,  while  the  rounded 

*  Synonyms:  central  parenchymatoua  infiltration  of  the  cornea,  keratitis 
parenchymatosa  circumscripta. 
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ftpex  looks  toward  the  center  of  the  cornea  and  becomes  gradually 
lost  in  the  transparent  cornea.  The  opacity  thus  occupies  a  sector  of 
the  coniea,  the  base  of  which  corresponds  to  the  scleritic  nodule.  It 
is  gray  or  grayish-yellow,  and  gradually  increases  in  intensity  until 
the  cornea  at  the  affected  spot  has  become  completely  opaque.  The 
surface  of  the  cornea  over  the  opacity  is  punctate  but  not  depressed; 
vascularization  is  either  altogether  absent  or  is  very  slight,  and,  when 
it  is  present,  is  in  tlie  deep  layers  of  the  cornea.  After  the  opacity 
has  reached  its  ma.\imum  density,  a  gradual  i^etrogressive  process  sots 
in,  without  ulcemtion  having  taken  place  at  any  time.  The  process 
of  clearing  affects  the  thin  edge  of  the  ulcer  and  its  apex,  which 
looks  toward  the  center  of  tlie  cornea;  the  greatest  portion  of  the 
opacity  remains  permanently  and  becomes  ultimately  bluish-white  like 
the  adjacent  sclera,  into  wliich  it  passes  without  any  sharp  lino  of  dis- 
tinction, It  looks,  therefore,  as  if  the  sclera  at  the  spot  where  the 
opacity  is  found  had  pushed  its  way  into  the  region  of  the  cornea — 
whence  the  name  sclerosing  keratitis  (Von  Graefe).  The  symptoms 
of  irritation  which  accompany  this  form  of  keratitis  are  excited  lea 
by  it  than  by  the  scleritis  and  the  inflammation  of  the  uvea  dependini 
upon  the  latter. 

Keratitis  keeps  following  up  a  scleritis  which  attacks  successively 
different  portions  of  the  circumference  of  the  cornea,  so  that,  when 
the  disease  runs  a  pretty  long  course,  peripheral  opacities  form  on« 
after  the  other  at  several  portions  of  the  cornea.  These  are  situated' 
upon  the  cornea  under  the  furm  of  triangles,  and  converge  with  their 
apices  toward  its  center.  In  bad  cases  the  entire  periphery  of  the  cor- 
nea is  sclerosed  in  this  way,  so  that  only  a  small  portion  in  the  center 
remains  transparent. 

The  treatment  is  essentially  that  of  the  scleritis. 

0,  Keratitis  upringiug  from  the  Posterior  Surface  of  the  Cornea, 

When  the  posterior  surface  of  the  cornea  is  not  washed  by  the 
aqneous  humor,  as  it  is  in  the  normal  eye,  but  an  exudate  or  tissue  is 
brought  into  apposition  with  it,  the  substance  of  the  cornea  becomes 
cloudy.  To  produce  this  effect,  however,  it  is  necessar}-  that  the  appo- 
«ition  should  be  kept  up  for  a  pretty  long  time.  Hence  this  sort  of 
opacity  is  not  generally  found  in  ordinary  hvpopyon,  because  the  latter 
disappears  too  quickly,  but  is  found  in  those  more  solid  gray  exndates 
which  appear  in  the  anterior  chamber,  particularly  in  scrofulous  and 
ßvphilitic  irido-cyclitis.  Large  deposits  also,  if  they  remain  for  a  long 
time,  usually  leave  behind  them  gray  spots  upon  the  cornea.  Another 
thing  besides  exudates,  that  gives  rise  to  the  same  form  of  keratitis,  is 
the  apposition  of  tissue  to  the  back  of  the  cornea,  as  in  the  case  of  pro- 
tnision  of  the  iris,- of  cysts  or  other  tumors  of  the  iris,  which  reach  to 
tho  cornea,  and  in  the  case  of  lenses  which  have  prolapsed  into  tho 
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anterior  chamber.  The  opacity  of  the  cornea  develops  at  a  point  cor- 
responding to  tliat  spot  at  which  apposition  takes  place,  occurring, 
therefore,  in  the  case  of  exudates,  most  frequently  below.  The  surface 
of  the  cornea  at  this  spot  is  dull,  sometimes  slightly  uneven,  and  like 
brawn.  The  opacity  is  gray,  and,  after  existing  a  long  time,  becomes 
pretty  intense,  and  is  |K'rmcatod  by  vessels  which  lie  in  the  deep  layers 
of  the  cornea.  It  never  conijiletcly  disappears,  even  after  the  causul 
lesion  has  been  remedied.  The  niude  of  origin  of  this  form  of  keratitis 
is  probably  to  be  conceived  of  thus :  Contact  of  the  cornea  with  for- 
eign tissue  alters  the  endothelium  of  Descemet's  membrane.  This 
alone,  according  to  Leber's  researches,  protects  the  cornea  from  the 
aqueous  humor.  Now,  if  the  endothelium  becomes  deficient,  aqueous 
liumor  can  penetrate  into  the  tissue  of  the  cornea,  xvhich  consequently 
becomes  cloudy. 

The  clinical  picturca  uuder  which  uon-auppurative  keratitis  makes  its  a|>- 
l^arance  are  exceedingly  manifold.  Only  a  certain  numlHT  of  them  can  be 
marshaled  under  fixed  tyjiea,  na  has  been  done  iu  the  foregoing  pages.  Many, 
sometimes  very  jieculiar,  forms  come  under  Observation  too  rarely  for  us  to  bo 
able  to  build  tip  from  them  u  typical  diäcaäe-picturc ;  such  cases  can  not  at 
present  be  utilized  for  Huch  a  purpose  except  witli  certain  reservations.  A  few 
rather  more  frequently  occurrin;^  forms  may  be  enumerated  hero  aa  an  ap- 
pendix to  those  before  describcd. 

7.  Traumatio  Striped  Zeratitia.— This  is  observed  after  incised  wounds 
of  the  cornea,  and  most  beautifully  after  the  cataract  operation.  Within  the 
first  twenty-four  liours  after  the  operation  gray  strise  muke  their  appearance  in 
the  cornea,  wliich,  starting  from  the  wound,  extend  sometimes  aa  far  as  the 
oppoitite  margin  of  the  cornea,  and  are  always  disposed  perpendicularly  to  the 
length  of  the  wound.  These  stria  sire  particularly  observable  in  those  casts  in 
which  the  lipg  of  the  wound  have  been  somewhat  contused,  a»,  for  example, 
those  in  which  the  delivery  of  the  lens  has  been  difficult.  They  generally  dis- 
appear within  the  first  eiglit  days,  and  only  if  particularly  marked  fail  to  do  so 
until  after  several  weeks.  This  form  of  keratitis  causes  no  symptoms  of  irrita- 
tion, and  does  not  cause  the  lea.st  disturbance  of  the  healing  of  the  wound. 
This  proves  that  we  do  nut  have  to  do  with  a  real  inflammation.  Anatomical 
investigation  has,  in  fact,  shown  that  in  these  cases  cellular  inüitnition  is  alto- 
gether wanting,  and  that  there  is  a  dilat.ition  of  the  liiTnph-spaces  of  the  cornea, 
which  are  distended  with  fluid  (Becker,  Laqueur,  Reckliiighausen).  This  fluid, 
having  a  dlilereut  refmctive  power  from  the  rest  of  the  cornea,  makes  the  latter 
appear  cloudy;  the  striate  form  corresponds  to  the  arrangement  of  lymph-spaces 
which  follow  the  direction  of  the  tlbrilhe  of  the  cornea. 

A  simil.ir  striate  opacity  of  the  cornea  is  sometimes  observed  in  cases  of 
detachment  of  the  retina,  which  have  been  treated  with  the  pressure  bandage. 
The  eye  becomes  suddenly  very  soft  and  t!ie  anterior  chamber  remarkably  deep, 
and  in  the  cornea  fine  gr-ny  strife  show  themselves,  which  crosa  in  diHerent 
directions,  bo  that  the  opacity  looks  like  creased  tissue-paper.  It  is  probable 
that  folds  in  the  cornea  take  part  in  producing  this  effect. 

8.  Deep  Keratitis  in  Irido-cycliti»,— In  every  case  of  marked  irido-cjclitiß 
the  cornea  is  not  perfectly  clear,  but  »lightly  dull.     But  in  many  cases  of  eevere 
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iridocyclitis  the  participation  of  the  cornea  is  «till  more  pronounced,  nn  infil- 
tration of  groT,  or  Ifttrr  often  of  yellowiBh,  color  making  ita  appearance  in  ita 
d«"P  layers.  This  infiltration,  under  a  process  of  vascularization,  gub8ef]Ucully 
disappears,  although  it  always  leaves  a  permanent  opacity  behind  it,  associ- 
ated iu  severe  cases  with  flattening  of  the  cornea.  Vision  in  these  ca^-s  is  al- 
most or  quite  annihilated,  not  merely  on  account  of  the  change  in  the  cornea, 
but  chiefly  on  account  of  the  products  of  the  irido-cyclitis.  These  cases,  which, 
to  be  sure,  arc  very  rare,  must  not  be  confounded  with  those  cases  of  parenchy- 
matous keratitis  which  arc  associated  with  marked  implication  of  the  uvea. 

9.  Deep  ScrofoloUB  Infiltrates  occur  under  the  form  of  extensive  gray, 
Bul«i*quently  yellow,  opacities  in  the  middle  and  deep  layers  of  the  cornea  in 
conjunctivitis  lympliatica.  They  may  either  proceed  t:>  suppurate,  or  they  may 
go  on  to  resorption,  in  which  case  the  cornea  sometimes  clears  up  in  a  surpris- 
ing manner.  For  a  more  detailed  account,  see  Conjunctivitis  Lymphatica 
(page  87). 

10.  Keratitis  Margiaalis, — This  rare  disease  generally  affects  old  people, 
and  occurs  for  the  most  part  on  one  side  only,  rarely  on  both  sides.  There 
form«  upon  the  margin  of  tlie  cornea,  with  moderate  symptoms  of  irritiition,  a 
gniy,  later  grayish -yellow,  or  even  purulent-yellow  opacity,  which  directly  ad- 
joins the  sclera  and  reaches  for  a  dUtance  of  about  two  millimetres  into  the 
transparent  cornea.  This  marginal  zone  of  opacity  generally  embraces  from  one 
third  to  one  half  of  the  circumference  of  the  cornea  (most  frequently  the  upper 
j>art),  or  in  rare  instances  sunounds  the  entire  cornea.  The  surface  of  the  cor- 
nea over  the  opacity  is  sumowhut  dull,  but  shows  no  loss  of  substance,  and 
never  any  exfoliation  of  epithelium.  The  limbua  soon  pushes  forward,  and 
with  its  vessels  covers  the  opacity.  The  irritative  symptoms  disappear  in  from 
one  to  two  weeks,  while  the  marginal  infiltrate  is  transformed  into  a  permanent 
gray  ofvacity  of  the  cornea.  This  opacity  bears  a  great  resemblance  to  the  arcus 
senilis,  from  which  it  is  chiefly  distinguished  by  its  not  being  scpanited  by  a 
transparent  zone  from  the  scleral  margin,  but  passing  into  the  latter  without  any 
clear  line  of  distinction.  Iritis  does  not  occur  in  connection  with  this  affection 
of  the  cornea,  nor  does  ulceration  of  the  cornea,  as  a  rule;  only  twice  have  I 
seen  small  sujicrficial  ulcers  develop  upon  the  cornea.  On  account  of  the  mar- 
ginal situation  of  the  residual  opacity,  this  form  of  keratitis  U  without  danger 
to  the  sight.  I  have  not  found  the  description  of  this  form  of  keratitis  in  the 
textbooks,  with  the  exception  of  the  text-book  of  Arlt,  who  describes  it  in 
connection  with  sclerosing  keratitis;  I  have,  however,  never  seen  symptoms  of 
eclcritia  occurring  in  conjunction  with  this  inflammation  of  the  cornea. 

II.  Injuries  of  the  Corvea. 

45.  1.  Foreign  Bodies  in  the  Cornea.— The  penetration  of  foreign 
bodies  into  the  superficial  luyors  of  the  cornea  belongs  among  tlie  most 
common  of  accidents.  What  is  most  frequently  observed  arc  small  par- 
ticles of  iron  in  the  cornea,  particularly  among  mechanics  of  a  certain 
sort,  like  locksmiths,  blacksmiths,  iron-founders,  etc.  These  particles 
do  not  look  like  metallic  iron,  but  vary  from  dark  brown  to  black ; 
for  the  particles  of  iron,  which,  for  example,  fly  off  when  iron  is  being 
hammered,  are  heated  by  the  force  of  the  blow  bo  that  they  are  thrown 
out  as  sparks.    Thus  they  become  oxidized  into  ferroso-forric  oxide  (so- 
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called  iron-scale),  and  under  this  form  are  found  in  the  cornea.  If  the 
Iragment  of  iron  remains  sticking  in  the  cornea,  it  becomes  surrounded 
yery  soon  by  a  brown  ring,  because  the  portions  of  the  cornea  in  its 
immodiato  vicinity  take  up  the  oxidized  iron  and  bo  torn  brown. 
Fragments  of  coal  arc  also  frequently  found  in  the  cornea — for  instance, 
in  firemen  or  in  people  after  a  railroad  journey — and  fragments  of  stone 
in  stone-cutters,  stone-breakers,  etc. 

Foreign  bodies  penetrating  into  the  cornea  should  be  removed  aa 
soon  as  possible.  If  they  are  superficially  situated,  it  is  an  easy  mattoc] 
to  pry  them  up  with  a  suitable  instrument.  For  this  pnrpo.se  we  use 
a  special  needle,  which  is  made  broad  at  its  upper  end,  or  an  instrument 
upon  the  plan  of  a  small  gouge.  In  default  of  such  iostniments  we 
may  also  nuiko  use  of  a  sharp  sewing-needle  or  the  point  of  a  small 
knife,  employing,  of  course,  the  necessary  precaution.  It  is  advan- 
tageous first  to  render  the  cornea  insensitive  by  the  repeated  instilla- 
tion of  a  five-per-cent  solution  of  cocaine.  In  the  case  of  fragmenta 
of  iron,  besides  the  foreign  body  the  ring  of  brown-colored  corneal] 
tissue  next  it  should  be  scraped  off. 

If  the  foreign  body  is  not  removed  in  season,  its  expulsion  by  sup- 
puration follows.  An  inflammatory  infiltration  forms  about  it,  sur- 
rounding it  in  the  form  of  a  gray  ring.  Then  the  tissue  of  the  cornea 
in  this  place  breaks  down,  so  that  the  foreign  body  becomes  loose  and 
ultimately  falls  out.  The  resulting  ulcer  generally  becomes  rapidlfi 
cleansed  and  heals,  leaving  a  small  opacity  after  it.  This  process 
eliminafion  takes  place  with  marked  symptoms  of  irritation,  and 
cially  with  hj'peracmiaof  the  iris,  or  even  with  iritis,  which  latter  makes 
itself  evident  by  the  formation  of  a  hj'popyon  and  of  synechias.  It  is 
only  grains  of  powder  or  of  lime  which  are  known  to  have  the  power 
of  remaining  in  the  cornea  without  exciting  suppuration  and  becoming 
permanently  incorporated  in  it. 

Much  more  infrcipicnt,  but  also  much  more  serious,  are  those 
in  which  a  snuill  foreign  body  has  penetrated  into  the  deep  layers  of  ^ 
the  cornea.  In  this  case,  in  order  to  remove  the  foreign  body,  it  is 
often  necessary  to  incise  the  lamellje  of  the  cornea  that  lie  above  it,  so 
as  to  be  able  to  draw  it  out  with  the  forceps.  If  the  point  of  the  for- 
eign body  projects  into  the  anterior  chamber  there  is  the  danger  that, 
in  attempting  to  grasp  the  foreign  body,  the  latter  may  be  puslied  in 
still  farther,  and  may  injure  with  it^  point  the  capsule  of  the  Icus.  In 
such  a  case,  therefore,  the  indication  sometimes  is  to  make  a  prelimi- 
nary opening  in  the  cornea  near  its  margin  and  to  introduce  the  in- 
strument from  this  point  into  the  anterior  chamber,  by  which  means 
we  press  the  foreign  body  from  behind  forward,  so  that  we  can  grasp  it 
by  its  anterior  extremity  and  extract  it. 

2.  Solutions  of  CoDtinuity  of  the  Cornea. — Superficial  excoriations 
of  the  cornea,  which  simply  produce  a  loss  of  substance  in  the  epi- 
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thelial  covering,  are  known  as  erosions.  These  belong  among  the 
most  frequent  of  injuries,  such  as  one  gives  himself  by  scratching  the 
eye  with  the  finger-nail,  with  a  rough  cloth,  a  stiff  leaf  or  twig,  etc. 
8ach  an  injury  ia  commonly  accompanied  by  pretty  marked  symptoms 
of  irritation,  such  as  photophobia,  lachrymation,  and  especially  by  vio- 
lent pain.  Examination  of  the  eye  shows,  besides  the  ciliary  injection, 
a  defect  in  the  epithelium,  forming  an  ulcer,  the  floor  of  which  ia  per- 
fectly transparent,  so  that  it  is  only  by  taking  the  corneal  reflex  that 
the  loss  of  substance  can  be  discovered.  Healing  generally  takes  place 
within  a  few  days  by  a  complete  regeneration  of  the  epithelium,  start- 
ing from  the  edges  of  the  epithelial  defect ;  a  permanent  opacity  does 
not  remain.  Quite  a  good  deal  of  eigniflcanco  attaches  to  these  trau- 
matic erosions,  from  the  fact  that  not  infrequently  they  are  the  start- 
ing-point of  an  ulcer  or  abscess  of  the  cornea,  especially  if  an  oppor- 
tunity is  given  for  the  production  of  infection.  This  latter  is  particu- 
larly apt  to  be  the  case  when  a  conjunctival  trouble  associated  with 
abnormal  conjunctival  secretion,  or  when  a  blcnnorrhoca  of  the  lachry- 
mal sac,  is  present. 

It  is  worth  remarking  that  sometimes  recurrencefiot  corneal  erosion 
take  place  without  any  now  injury  having  preceded  them  (Arlt). 
After  the  lesion  has  been  to  all  appearances  fully  healal,  marked 
symptoms  of  irritation  sot  in  saddenly  several  weeks  or  monllis  after- 
ward without  known  cansc ;  and  a  loss  of  substance  is  again  found  upon 
tho  coniea  in  the  epithelium  at  the  site  of  the  former  injury.  Such 
relapses  may  occur  repeatedly.  Tliey  have  their  cause  probably  in  tho 
fact  that  the  epithelium  at  the  original  site  of  injury  has  never  become 
regenerated  in  a  perfectly  normal  fashion,  so  that  under  the  action  of 
any  insignificant  cause  it  is  again  separated  and  cast  off.  Perhaps  this 
separation  of  the  epithelium  takes  place  in  the  form  of  a  vesicle,  which 
ruptures  so  quickly  that  we  do  not  get  a  eight  of  it,  but  only  of  tho  loss 
of  substance  in  the  epithelium  (see  page  171). 

Erosions  are  best  treated  by  the  applic^jlion  of  a  simple  protective 
bandage,  tho  use  of  which  should  bo  kept  up  until  the  epithelium  ia  com- 
pletely regenerated.  In  this  measure  also  is  found  tho  best  protection 
against  relapses;  and  if  the  latter  do  occur,  they  requirc  tho  wearing  of 
the  bandage  a  eecond  time,  and  that,  too,  for  a  suBiciently  long  period. 
If  marked  symptoms  of  an  accompanying  inflammation  exist,  and  these 
aro  not  relieved  by  the  bandage  alone,  we  may  instill  atropine. 

Deeper  wouiida  of  tho  cornea  when  they  heal  always  leave  cor- 
responding opacities  behind.  Such  wounds  are  particularly  dangerous 
under  two  circumstances — i.  e.,  when  they  arc  infected  and  when  they 
perforate  the  cornea.  In  the  former  case  infiltrates  develop  in  the 
cornea  which  may  be  transformed  into  ulcers  or  abscesses.  In  tho 
latter  case  prolapse  of  the  iris  occurs,  provided  the  wound  is  large 
enough.    Moreover,  the  iris  or  the  lens  may  be  injured  at  the  same 
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time,  and  lastly  there  exists,  as  in  nil  perforating  lesions  of  the  eyeball, 
the  danger  of  au  iuflanimulion  of  the  tleep  parts  of  the  eye,  produced 
by  infection,  and  very  frequently  ending  iu  the  destruction  of  the 
organ. 

The  treatment  of  recent  wounds  of  the  cornea  requires  us  first  of 
all  to  strive  against  the  production  of  infection  in  them.  We  cleanse 
the  eye  with  antiseptic  solutions,  strew  the  wound  with  finely  powdered 
iodoform,  and,  after  wo  have  dropped  in  atropine  to  combat  any  iritis 
that  may  exist,  we  apply  a  protective  bandage.  If  we  are  dealing 
with  a  perforating  wound  of  the  cornea,  the  greatest  possible  quiet  on 
the  part  of  the  patient  (rest  in  bed)  is  requisite  in  order  to  bring  about 
a  8i>eedy  and  solid  closure  of  the  wound.  If  the  iris  is  prolapsed,  it 
should  be  so  excised,  after  carefully  separating  it  from  the  lips  of  the 
wound,  that  no  iris  remains  any  longer  incarcerated  in  the  wound; 
according  to  just  the  same  principle  that  holds  good  for  prolapses  of 
the  iris  of  spontaneous  origin,  (For  more  precise  particulars  in  regard 
to  perforating  wounds  of  the  cornea,  see  g§  54  and  .^5.) 

3.  Injuries  of  the  Cornea  by  Caustic  Agents  and  by  Burns. — These 
occur  simultaueously  with  the  analogous  injuries  of  the  conjunctiva, 
and  are  produced  by  the  same  causes  that  these  are  (see  page  100).  In 
fact,  in  the  case  of  such  injuries  of  the  eyeball,  it  is  precisely  the  part 
which  the  cornea  takes  in  the  process  that  is  a  criterion  for  the  prog- 
nosis— for  the  most  harmful  consequences  of  these  injuries  are  the 
opacities  which  are  left  in  the  cornea.  The  corroded  or  burned  cornea 
looks  dull  and  opaque.  The  extent  of  the  opacity  depends  upon  the 
extent  of  the  burn,  but  the  intensity  of  the  opacity  depends  upon  the 
depth  to  which  the  corneal  tissue  has  been  destroyed.  In  light  cases 
the  color  of  tlie  opaque  cornea  is  gray,  but  in  severe  cases  whitish. 
In  the  worst  cases  the  cornea  is  all  as  white  aa  porcelain,  dry  upon  its 
surface,  and  quite  insensitive ;  such  a  cornea  is  completely  necrotic. 
In  general  it  is  not  always  easy  to  estimate  from  the  character  of  the 
injury  alone  how  deeply  the  destructive  process  has  penetrated  into  the 
cornea,  and  hence  caution  is  advisable  in  giving  the  j)rognosis. 

The  injury  is  generally  followed  by  sharp  pain.  It  heals  by  the 
extrusion  of  the  dead  tissue.  In  the  lightest  CAses,  in  which  the  injury 
has  affected  the  epitlielium  only,  the  processes  of  extrusion  and  of  heal- 
ing occur  very  rapidly  (as  in  tlie  frequent  cases  of  burns  of  the  cornea 
produced  by  a  curling-iron).  If  the  destructive  process  has  made  its 
way  into  the  parenchyma  of  the  cornea,  a  delimiting  snppuration  sets 
in,  which  leads  to  the  separation  of  the  eschar;  tho  loss  of  substance 
thus  produced  he.'üs,  leaving  a  permanent  opacity.  If  the  destructive 
process  has  at  any  point  gone  through  the  entire  thickness  of  the  cor- 
nea, perforation  of  the  latter  develops  after  tho  separation  of  the  eschar. 
The  iris  then  prolapses,  and  the  resulting  cicatrization  unites  the  iris 
to  the  cornea  (cicatrix  of  the  cornea  with  anterior  synechia).     In  a 
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lilar  way  adhesions  often  devolop  between  the  cornea  and  the  con- 

"junctiva  of  the  lids  (Symblepharon),  provided  that  a  loss  of  substance 

is  present  in  the  latter  also.     The  treatment  of  injuries  produced  by 

burns  and  caustics  has  already  found  mention  under  the  head  of  the 

ftuulogoua  injuries  of  the  conjunctiva. 

III.  Opacities  of  thk  Cornea. 

46,  Opacity  of  the  cornea  is  a  constant  accompani merit  of  every 
inflammation  of  the  latter,  and  is  in  this  case  caused  by  cellular  infil- 
tration of  the  corneal  tissue.  This  recent  inflamnuitory  opacity  is  of 
a  changeable  nature,  increasing  or  diminishing  according  to  the  course 
of  the  inflammation.  From  this  variety  we  must  distinguish  those 
opooities  which  are  stationary,  whether  they  represent  the  residua  of 
an  inflammation  that  has  already  run  its  course,  or  have  developed 
grndually  without  any  antecedent  inflammation.  These  stationary 
ojMicities,  of  which  alone  wo  shall  treat  bore,  we  call  opacities  of  the 
coroea  in  the  narrower  sense  of  the  word.  They  are  by  far  the  most 
frequent  cause  of  poor  sight,  and  hence  have  a  particular  claim  upon 
the  interest  of  the  physician. 

We  distinguish  stationary  opacities  of  the  cornea  into  those  of  in- 
flammatory origin  and  those  which  have  developed  without  any  ante- 
cedent inflammation. 

(n)  Opacities  of  the  Cornea  of  Inflammatonj  Origin. 

Theee  are  the  consequence  of  a  keratitis,  either  suppurative  or  non- 
suppurative. In  the  first  case  the  tissue  of  the  cornea,  which  has  been 
de.3troyed  by  suppuration,  is  replaced  by  cicatricial  tissue,  and  the 
opaoities  thereby  produced  are  corneal  cicatrices  in  the  proper  sense  of 
the  word.  In  this  category  also  are  to  be  counted  mü.st  opacities  which 
remain  after  injuries.  The  conioa  may  also  have  opacities  remaining 
after  a  non>suppurative  keratitis,  either  because  its  tissue  has  been  so 
altered  by  the  deposition  of  exudate  which  has  taken  place  that  it  does 
not  even  afterward  regain  its  pliysiologioal  transparency,  or  because  the 
exudate  itself  in  part  becomes  organized  and  thus  remains  us  new  tissue 
in  the  cornea  (an  example  is  a  pannus  which  has  been  transformed  into 
connective  tissue).  It  is  an  uncommon  thing,  relatively  speaking,  for 
opacities  to  occur  which  are  situated  in  the  epithelium  only,  as,  for 
instance,  in  those  cases  in  which  the  epithelium  as  a  result  of  constant 
mechanical  irritation — in  trichiafis — becomes  thickened  and  hence 
opaque. 

The  appearance  of  opacities  of  the  cornea  varies  according  to  their 
degree  of  intensity  and  their  age.  Slight  opacities  appear  as  trans- 
lucent bluish-white  spots  with  outlines  altogether  hazv — mncuhs  or 
nubecuUe  rornfcn.  Well-marked  opacities  aro  grayish-white  or  pure 
white,  and  are  usually  pretty  sharply  outlined ;  moreover,  in  the  begin- 
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ning  they  are  apt  to  be  trayersod  by  vessela  which  afterward  become 
fewer  or  disappear  altogether.  The  surface  of  the  opacity  generally 
lies  on  a  level  with  the  adjacent  healthy  cornea,  especially  if  the  opaci- 
ties are  Bmatl,  although  elevation  or  depression  of  the  surface  of  the 
cornea  at  the  site  of  the  cicatrix  is  also  observed.  Elevation  of  the 
surface  ia  commonly  the  result  of  au  ectasia  of  the  cicatrix.  More 
rarely  it  is  caused  by  excessive  development  of  cicatricial  tissue,  or  by 
thickening  of  the  epithelium  upon  the  surface  of  the  cicatrix.  De- 
pression of  the  surffvce  of  the  cornea  at  the  site  of  the  cicatrix  occurs 
most  frequently  in  the  case  of  small  cicatrices  from  the  incomplete 
filling  up  of  the  ulcer  with  cicatricial  tissue  {facet  of  the  cornm).  In 
the  case  of  larger  cicatrices  which  have  developed  in  consequence  of 
extensive  perforation  of  the  cornea,  or  more  rarely  as  a  result  of  a  severe 
non-purulent  keratitis,  a  Iktteuing  of  the  entire  cornea  may  follow 
from  the  retraction  of  the  cicatricial  tissue  {npplanatio  cornew).  This 
is  esiiecially  apt  to  occur  if  a  phistic  irido-cyclitis  has  existed  simul- 
taneotisly  with  the  inflammation  of  the  cornea;  for,  on  account  of  this 
irido-cyclitis,  extensive  membranous  exudates  are  deposited  in  the  in- 
terior of  the  eye,  which  by  their  contraction  diminish  the  intra-ocular 
pressure,  and  so  favor  the  flattening  of  the  cornea. 

With  many  cicatrices  incarccralion  of  the  iris  occurs.  This  is  a 
proof  that  there  has  been  an  antecedent  perforation  of  the  cornea; 
hence  such  cicatrices  are  always  very  thick.  It  is  important  to  deter- 
mine in  any  fipocial  case  whether  a  cicatrix  of  the  cornea  is  or  is  not 
connected  with  the  iris,  since  an  incarceration  of  the  iris  may  entail 
serious  consequences.  We  recognize  the  presence  of  such  an  anterior 
synechia  by  the  displacement  of  the  pupil  toward  the  site  of  the  in- 
carceration, and  furthermore  by  the  unequal  depth  of  the  anterior 
chamljer,  which  is  always  shallower  near  the  place  where  the  iris  is 
adlierent.  In  many  cases,  also,  the  dark  color  of  the  cicatrix  gives 
evidence  of  the  incarcerated  iris,  the  pigment  of  which  shows  through 
the  cicatricial  tissue.  The  union  between  iris  and  cicatrix  is  often 
confined  to  quite  a  small  spot,  so  small,  sometimes,  that  only  a  very  fine 
fdiiment  rises  from  the  iris  and  passes  over  to  the  cicatrix  in  the  cornea. 
At  other  times  broad  adhesions  exist,  and  there  may  even  be  an  incar- 
ceration of  the  entire  pupillary  margin  of  the  iris  in  the  cicatrix.  In 
this  case  occlusio  and  seclusio  ptipillüe  are  produced,  with  their  baneful 
consequences  (see  §  09). 

{b)  Corneal  Opacities  of  Nnn-inflammntory  Oriyin. 

A  physiological  opacity  which  at  an  advanced  age  makes  its  ap- 
pearance in  the  corneiB  of  healthy  eyes,  is  the  arcus  senilis,  or  geron- 
toxon  cornea?^  which  has  been  considered  under  the  head  of  the  anato- 
my of  tho  coma».  Amoirg  pathological  opacities  of  non-inflammatory 
origin  the  principal  one  i*equiring  mention  is  the  zonular  opacity  of 
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the  cornea*  This  forms  a  gray  stripe  from  throe  to  five  millimetrea 
broiul,  which  pa^seä  straight  ucross  the  cornea,  a  littlo  below  its  center. 
It  developä  with  extreme  slowness,  occupying  years  in  its  progress ;  the 
first  parts  t<>  api)ear  being  the  two  terminal  points  of  the  opaque  strijM) 
— that  is,  the  portions  of  the  opacity  lying  nearest  the  outer  and  inner 
margin  of  the  cornea.  These  points  are  always  separated  from  the 
margin  of  the  cornea  by  a  narrow,  transparent  zone.  Starting  from 
them  the  opacity  gradually  pushes  its  way  toward  the  middle  line, 
where  the  two  parts  of  it  unite,  and  thus  close  in  the  opaqno  zone 
which  covers  the  lower  half  of  the  cornea.  This  zone  has  a  well-de- 
fined outline  on  all  sides,  and  is  more  densely  opaque  at  the  margins 
than  in  the  center.  On  examining  it  pretty  closely,  especially  with  a 
magnifving-glass,  we  ascertain  the  opacity  to  be  composed  of  minute 
white  or  gray  dots  which  lie  quite  superficially — in  the  epithelium  or 
directly  beneath  it;  hence  we  usually  find  the  surface  of  the  cornea 
over  the  opacity  roughened,  or  covered  with  minute  prominences. 

Zonular  opacity  of  the  cornea  generally  develops  in  eyes  which  have 
nearly  or  quite  lost  their  sight  in  consequence  of  some  intra-ocular 
affection  (irido-cyclitis,  glaucoma),  and  in  this  case  it  is  practically  of 
little  significance.  It  is  only  Tery  rarely  (and  then  only  in  elderly 
j>eople)  that  we  encounter  it  in  eyes  which  arc  otherwise  perfectly 
sound,  so  that  hero  the  corneal  opacity  it^df  is  the  sole  cause  of  the 
diäturbance  of  vision. 

Among  the  varieties  of  opacity  which  do  not  depend  upon  infiam- 
mation,  belong  also  the  pressure  opacity  of  the  cornea — i.  e.,  that  form 
of  opacity  which  develops  in  connection  with  an  elevation  of  the  intra- 
ocular tensiun.  It  is  a  diffuse,  smoky  opacity,  which  ii  moet  marked  in 
the  center  of  the  cornea  and  gradnally  diminishes  toward  its  margin. 
That  it  is  not  of  inflammatory  nature  is  proved  by  ih«  fact  thai,  aft«r 
the  disappearance  of  the  rise  in  tension,  it  very  twm,  tdten  in  leai  than 
an  hoar,  vanishes  completely,  which  would  not  be  poaible  if  it  depcadccl 
upon  an  inflammatory  infiltration  of  the  cornea.  In  fact,  in  tbeea» 
of  the  pressure  opacity  we  are  simply  dealing  with  an  owlema  of  the 
cornea,  which  is  situated  mainly  iu  the  epitheUnm«  and  which  ts  capa- 
ble of  rapid  subsidence. 

47.  DistorbaDce  of  Vision  produced  by  Opadlies  of  tlu  CotiM^ — 
Every  opacity  which  falls  wholly  or  in  part  within  the  papiUaiy  it|^oa 
of  the  cornea  results  in  disturbance  of  vision ;  for  the  iom  of  tba 
incident  rays  at  the  sit«  of  the  opacity,  instead  of  beii^aiil  psnaikted 
to  pass  through  the  cornea,  is  divided  into  two  parts:  «oa  pait  ia 
absorbed  by  the  cicatrix  or  is  reficcted  off  from  it ;  tfw other  part  pea»- 
tratca  through  it  into  the  eye.  The  relation  betwaen  thoe  two  fmtt 
depends  upon  the  density  of  the  opacity ;  the  denoer  it  m,  the  ■■» 


*  SjDooym :  band-«iuipcd  opacity  «f  the  i 
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refract  ion,  and  with  it  myopia,  are  produced.  In  ecUtic  cicatrices 
of  the  cornea  the  abnormality  of  curvature  is  not  confined  to  the  cica- 
trix, bnt  extends  to  the  neighboring  tranajiareut  portion  of  the  cornea 
also,  so  that,  a:;  a  rule,  no  portion  of  the  cornea  retains  its  normal 
curvature.  In  consequence  of  the  irregular  astigmatism,  objects  appear 
indistinct,  distorted,  and  often  also  double  or  uiultij)le. 

The  disturbance  of  vision  produced  by  an  opacity  of  the  cornea 
often  entails  still  other  tndirrcl  results.  Among  these  are  strabismus, 
nystagmus,  and  myopia.  The  last  named  is  in  many  cases  oidy  appar^ 
ent.  The  patient  with  cornea]  opueilies  brings  minute  objects  unusu- 
ally close  to  his  eye,  in  order  to  have  their  retinal  inniges  as  large  as 
possible,  and  so  in  a  measure  make  up  for  their  indistinctness.  Never- 
theless, elongation  of  the  axis  of  the  eye — i.  e.,  true  myopia — may  ulti- 
mately develop  in  conse(|uenco  of  the  great  accommodation  anil  con- 
vergence necessitated  throiigli  such  an  excessive  approximation  of 
object«. 

Treatment — The  chief  task  that  this  has  to  atttmd  to  is  to  improve 
the  sight.     The  means  employed  for  this!  purpose  are  as  follows: 

(a)  Clearing  up  of  the  Opacity. — In  the  case  of  every  opacity  of  re- 
cent date  we  must  first  try  to  clear  it  up  as  much  as  possible  by  the 
Application  of  irritants  (see  page  150).  In  older  opacities,  which  can 
not  be  cleared  up  any  further  by  niedieinal  means,  the  next  stej>  appar- 
ently would  be  to  render  the  cornea  transparent  once  more  by  excising 
the  opaque  layers  with  the  knife.  Such  attempts,  however,  have  re- 
sulted unsuccessfully,  for  the  loss  of  subst-ance  resulting  from  the  ex- 
cision of  the  opacity  heals  again  with  the  formation  of  ciffitricial  tissue 
— that  is,  with  the  formation  of  an  opacity,  just  as  before.  Removal  of 
opacities  by  operation  is  only  indicated  when  they  are  situated  in  the 
epithelium,  since  losses  of  epithelium  are  made  good  by  normal  trans- 
parent epithelium.  Cases  in  which  removal  of  the  epithelium — tthrasio 
ntrnfit — id  indicated,  are  those  in  which  the  epithelium  has  l>een  thick- 
ened by  mechanical  irritation,  as  in  trichiasis;  also  in  those  in  which 
lead,  lime,  or  grains  of  p<^wder  are  imljcdded  in  the  epithelium;  and 
lastly  in  zonular  opacity  of  the  cornea,  provided  this  attacks  an  eye 
that  but  for  it  would  be  able  to  see.  In  aises  in  which  the  cornea  is 
cicjitrieial  throughout,  the  attempt  has  been  made  to  restore  the  sight 
by  transplantation  of  the  cornea.  A  circular  piece  is  excised  from  the 
opaque  cornea,  and  an  equally  largo  piece  of  a  normally  transparent 
cornea  (from  the  eye  of  a  human  being  or  of  an  animal)  is  inserted  in 
the  opening.  The  transplanted  piece  of  cornea  unites,  as  a  rule,  but 
afterward  becomes  opaque,  and  so  completely  for  the  most  part  that 
the  patient  gains  nothing.  Success  may  be  most  reasonably  antici- 
pated in  those  cases  m  which  perforation  of  the  cornea  has  not  preceded 
the  formation  of  the  cicatrix.  In  this  case  Descemet's  membrane  is 
perywhere  present,  and  should,  moreover,  be  preserved  in  performing 
13 
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transi)liintiition,  the  opaque  layers  of  the  cornea  lying  in  front  of  it 
being  reniovf^d  by  means  of  a  small  trephine  and  replaced  by  a  trans- 
parent, piece  of  cornea  (Hip]iL']). 

(//)  The  opiiritl  nidft  that  may  be  employed  for  improving  tl»o  sight 
are  glassies  and  the  stenopieie  slit.  The  object  of  the  latter  is  to  bring 
nothing  but  the  tmnsparent  part  of  the  cornea  into  use  for  vision,  and 
to  exuliide  the  ])ortiou  bearing  the  opacity,  by  which  means  the  dazzling 
due  to  ditTusiim  '\^  prevented.  (Tliisrfe.s  may  somiftimes  be  of  advantage 
when  the  opacity  is  complicated  with  changes  in  the  curvature  of  the 
cornea. 

('■)  Displacement  of  the  pupil  by  means  of  iridectomy  (after  tho 
method  of  lieer)  is  generally  the  only  nieaiid  of  restoring  sight  in  the 
case  of  dense  opacitiea  which  entirely  conceal  the  pupil,  (For  tlie  indi- 
cations and  the  method  of  performing  this  operation,  see  the  section  on 
operation»,  55  15(5.) 

In  large  and  very  white  cicatrices  of  the  cornea  it  is  often  desirable 
to  do  away  with  the  disfigurement  that  they  produce.  For  accomplish- 
ing ihiö  purpose,  titftamug  of  the  rornea  (De  Wecker)  is  of  service. 
Thii?  procedure  depends  ii[ion  the  ob.servation  that  many  bodies,  as,  for 
example,  grains  of  powder,  nniy  become  imbedded  in  the  cornea  and 
remain  there  permanently.  Tuttooing  consists  in  giving  the  white  cica- 
trix a  black  tint  by  means  of  India  ink,  which  is  introduced  into  the 
cieatrieinl  tissue  by  being  repeatedly  pricked  in  with  a  needle.  The 
taliooing-uuedles  used  for  this  purpose  consist  either  of  a  bundle  of 
ordinary  sharp-pointed  needles  (Taylor),  or  of  a  single  broad  needle 
which  is  channeled  for  the  reception  of  the  ink  (hollow  needle  of  De 
Wecker). 

From  tho  form  and  position  of  corneal  opacities  wr  mny  often  gather  an 
impressjrm  ft»  to  the  variety  of  kenititis  to  wliich  they  owe  their  origin.  Thus: 
(ff)  Mnculte  of  the  cornea  originate  from  small  coriicnl  ulcers.  They  most  fre- 
qiifntly  «ic'^velivp  in  childtiood  iw  a  consfnuencc  of  conjunctivitis  lyin|)hatica, 
und  in  th.tt  vhm-  arc  often  distin^ished  by  hein<?  sitiiatud  on  the  margin  of  the 
cornutt.  Quiff  ohiinicteristic  opacities  arc  tlie  t'loug'ated  tinrs  vvhirh  an.'  left  l>y 
a  vrtsi'iiiar  fjwcicuhiA,  (/*)  Opacities  whicli  are  slight  and  diflnsctl,  but  vvhieh 
arc  novcrthi.'h'.'*«  ^ipl•^■ad  nvfr  the  fjn'atpr  part  of  ttie  cornoa,  are  mostly  the  rt-Rult 
of  paanus  or  of  ]iiir<-iu-hym:ÜT)u.s  kcmtitis.  In  the  first  cane  they  are  situated 
8U]M;rf)mlly,  in  the  second  ciLse  in  the  depth  of  the  cornea.  <c)  Extensive, 
tt^ndinons-looking  opacities,  without  incarceration  of  the  iris,  in  which  chnllty- 
white  iii)ts  are  ofteii  vi^ihlc.  arc  observed  after  »cvere  cascH  of  jiarenchyuiatous 
keratitis.  BiinÜnr  white  dots  al.sr>  oceur  in  npacitic;«  rpsuUinjj  fnmi  corriision  by 
lime,  and  in  this  case  depend  upon  imbedded  calcareuus  parlieh-s.  Flinxlly, 
cicatrices  with  incrus1.»(ioij  nf  lead  arc  alsn  dtstinpuished  hy  a  sharply  circum- 
scribed, extremely  wiiite  nixicity.  {<(}  Marfjinal,  crescentic,  or  arcuate  npaei- 
ties  arc  the  consetiuence  of  catarrhal  uIccth  or  of  kenititLs  raarginali.s;  they  should 
not  be  confounded  with  an  iucompletely  developed  urcus  senilis,  (f)  Large, 
thick  cicatrices  with  inclusion  nf  the  iri^,  which  often  occupy  the  whole  cornea 
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except  a  narrow  rim  aliout  the  margin,  are  most  frequently  produced  by  an 
alüKesa  of  the  cornea  or  by  acute  blunnorrhoMi,  The  same  eort  of  estensivc 
i-icatrices  also  occur  after  kenitomtilacia,  diphtheria,  and  buru»;  tn  the  Uwt  two 
ciM.<«  cicatrices  upon  tfie  conjunctiva  are  never  wanting,  and  conduce  to  the  cor- 
rect diagnosis.  (/)  Sharply  defined  ])unctato  or  striate  cicatrices  are  the  result 
of  trnmnatii^m,  whether  effecteil  by  accident  or  by  design  ((>i>eniliou).  (ff)  Dense, 
wliite  cicatrice«,  which  occupy  the  lowermost  part  of  the  cornea  und  terminate 
above  in  an  almost  horixontal  border,  are  caused  by  keratitis  e  lugo[)1ithalmo. 
Sometimes  we  see  men  in  whom  such  cicatrices  arc  present  in  both  eye«.  In 
thia  eaae  the  cicatrices  are  usually  the  consequence  of  a  severe  disease,  in  the 
course  of  which  a  condition  of  somnolence  and  a  resulting  imfjerfcct  ehwure  of 
the  lid.s  la.sted  for  some  time.  (A)  (Jpacities  in  tin;  lowurmOKt  part  of  the  cor- 
nea having  superiorly  a  triangular  outline  are  the  result  of  n  parenrhymatous 
keratitis  which,  contrary  to  rule,  hua  iM-come  liK-aliied  in  the  lower  half  of  (he 
comon,  or  are  the  re^uJt  of  the  deposition  of  an  exudate  Ujmn  the  {»osterjor  cor- 
neal surface,  (i)  Small,  bluish-wliite  opacities  which  are  situated  at  the  mar- 
gin of  the  cornea  and  project  into  the  transparent  part  of  it  under  the  form  of 
obtuse-angled  triimgle»,  are  the  re.sidun  of  a  sclerosing  keratitis. 

Those  ojjacities  which  are  producx-d  by  the  deposition  of  an  exudate  some- 
times exhibit  an  adhesion  of  the  iris  to  the  cornea,  ami  hence  belong  to  those 
nire  cases  in  whicli  an  anterior  »ijnefhin  r.rint  irithout  n  prflimiiKiry j^rrforation  of 
the  cornea.  The  iris  is  dniwn  up  to  the  posterior  surface  of  the  (.ornea  tiy  tite 
exudiit«,  as  it  is  contracting  and  undergoing  organization,  and  becomes  fixed 
there.  In  a  similar  way  anterior  synechia  without  preliminary  |M>rfuration  of 
the  cornea  is  observed  in  tliose  cases  in  which  the  iris  has  Ijcen  pushed  forward 
as  for  a»  the  |>08terior  surface  of  the  cornea  and  kept  there  for  some  time.  The 
iris  in  such  cases  becomes  agglutinated  to  the  cornea  in  siMits.  and  if  it  afterward, 
either  spontaneously  or  as  the  result  of  an  iridi-ctoiny.  returns  to  its  normal 
position,  these  agglutinate«!  ptirtsof  it  remain  attached  to  the  cornea.  We  then 
either  And  the  iris  extensively  adherent  to  the  cornea,  or  one  or  two  tags  arise 
from  it,  whose  apices  are  inserted  into  the  jmsferior  corneal  surface.  The  same 
tiling  may  take  |)Iace  If  the  anterior  chamber  has  l>een  etlaced  for  some  length 
of  time,  so  that  iris  and  «!ornea  have  been  directly  in  contact  with  each  other. 

Cicatricejj  of  the  cornea  are  often  subjected  to  sulisequent  metamorphoten. 
Thus  it  may  hap|H;n  that  cicatrices,  origitnilly  flat,  later  become  ectatic.  Mark- 
edly ectafic  cicatrices,  the  most  prr)minent  |Kiint  of  which  is  but  incompletely 
covered  by  the  lids,  not  infrequently  display  at  this  point  a  xerotic  condition 
of  the  epithelium,  which  looks  dry  and  epidermoid.  In  old,  dense  cicatrices, 
yellow  spots  sometimes  develop,  caused  by  the  deposition  of  fat  or  of  concre- 
tions of  colloid  matter.  Small,  chalky-white  specks  iml)ediled  in  the  cicatrix 
are  to  be  referred  to  a  dej>osition  of  lime.  In  fact,  small  calcareous  plates  are 
frequently  thus  fonned.  which,  when  they  liecome  loose,  can  Im;  picked  ofl[  with 
a  forceps.  In  tlwse  cxses  we  have  to  do  with  different  varieties  of  retrogmde 
met«mnq>hosi8.  which  are  referable  to  insufficiency  of  nutrition  of  the  dense 
cicatricial  tissue.  Such  processes  may  give  ri.se  to  the  softening  and  ulcerative 
disintegration  of  old  cicatrices — so-«Talled  atheromaloiis  ulcers,  which  not  infre- 
quently induce  |»erforation. 

As  regards  the  opacities  which  are  produced  by  non-inflammatory  processes, 
they  are  mostly  referable  to  a  lowering  of  the  nutrition  of  the  cornea.  The 
arcumenilu  consists  io  the  de{>o3ition  of  a  colloid  substance  in  the  more  super- 
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YW  ffrfailiiiiM  ^  «MHB  iy  f  naff  If,  whiA  «ecan  «im  aa  ap>d«7  ia 
paaMBt  ia  Ika  papfflMj  Hfioa  af  tha  eonca.  k  rTplriBail  a  Jblla«»:  la  tha 
•anHl  cgre  tka  ka^^  af  tke  obfeeta  ia  «he  Toaal  ieid  lie  apoa  the  reliaa,  side 
by  rfie  aad  äkrtly  M-paralcd  £ro«  e«^  ochcr.  the  br%ht  aad  davk  part»  ia 
coatafrt.  Hev,  tf  b;  a^aa  of  a  «pot  of  opadty  apaa  the  eona  Kgfat  k  dif- 
flaed  aöfsnalj  oirer  the  vbde  retiaa.  the  Hktiagtina  betweea  the  lighl  aad 
darh  fmtkim  of  the  latiaal  iigw  hecoaa  lea  atriki^.  The  iolfanri^  oooa- 
|Mfkoa  aaj  iBaetola  thea  cnadHina:  la  a  «clt*«akaa  photogia|A  all  detdla 
aa  a»  Aaiplj  aad  ^rtiacüy.  Bat  if  it  k  nther  Ughly  poiithed.  a^  ««  look 
at  i«  oMiqaeiy,  the  glaöog  afaiaa  m>  that  the  detaik  of  the  photegi^  caa  a» 
laagw  be  fiMh^fmked.  Am  the  glarini^  k  pefCeetly  tnaspaivat,  the  nja 
taiBiiariiitf  firaa  tke  photograph  «tflt  axrire  at  ovnctina  and  produce  there 
dtmrp  iiaagca  of  the  detaik  of  the  photograph.  But  in  addition  there  ooae 
■aaacraaf  »j»  reflected  froa  the  siirfaee  of  the  ^Uxiag,  vhkh  a  flood  the 
«bale  Rtia»  with  Ught  that  the  sharp  retinal  imaga  aie,  a  to  ^eok,  drovaed 

A  an  with  aoond  eja  can  get  an  Ida  of  th?  tmatioa  of  «^•^^i1^g  pn»- 
doad  by  eoraeal  opacities,  if,  wbea  in  a  picrare-gallenr.  he  looks  at  a  pjctufe 
wkkb  k  boBg  opoo  a  nairow-  ttrip  of  wall  lyings  between  two  wtadows.  He 
caa  «caroclj  mw  «hat  the  picture  represents,  and  bad  a  rerj  aaplaaaaat  setue  of 
daating.  How  U  the  diffusion  of  light  effected  in  this  casef  The  nonnal  cor- 
■a  b  not,  a  k  ordinarily  OMumed,  absolutely  tnuisparent.  We  can  see  thk 
from  the  fact  that  a  poftton  of  the  cornea,  which  has  light  coDcentrated  upon  it 
by  focal  niotninatioo,  look«  gray,  inaomoch  that  the  tyro  might  suppose  that 
tbca  wa  a  nalbological  opacity  of  the  cornea.  The  cornea,  therefore,  always 
raftect»  a  certain  quantity  of  liyht.  The  like  istroe  of  the  lens,  and.  generally, 
of  all  the  refracting  media  of  the  eye.  In  consequence  of  this  imperfect  trans- 
|iarency  of  the  refracting  media,  diffusion  of  light  takes  place  eren  in  the  nor- 
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mal  eye,  nlthoiign,  to  be  sure,  under  ordinary  circumstances,  it  i»  too  Lncon- 
idcrulilit  to  excite  uoticc.  But,  in  the  example  given,  difluaiun  excrt.4  such  a 
sturbiiig  eflfect,  becaiwe,  iu  propurtiou  to  the  light  reflected  from  the  picture, 
an  uiicointM:)Dly  larj^e  ntinuiut  etitors  the  eye  from  the  two  wiadowg,  and  thus  a 
reLttively  great  quantity  of  ]ijj;iit  uudergoe»  dÜTuäiuD. 


IV.  Ectasia  op  the  Cohnea. 

Jast  as  in  the  case  of  opacities,  so  also  in  the  case  of  eclasisE  of  the 
cornea,  we  must  first  of  all  distinguish  whetlior  thuy  have  been  pro- 
duced by  iuflumniatiun  or  not.  On  the  basia  of  this  distinction  we 
make  the  followinfj  subdivision  of  cctiiaiiP  of  the  cornea: 


Ectasiie  of  inflammatory  origin  .  . 
Ectasia.'  of  non-inflammatory  origin 


\  Staphyloma, 
I  Keratectiisia. 
\  Kenitocoaus, 
I  Keratoglobue, 


1.  Staphi/loma  of  the  Cornea. 

48.  Symptoms. — A  staphyloma  is  a  protuberant  cicatrix  originating 
in  a  prolapse  of  the  iris,  and  wholly  or  in  part  replacing  the  cornea. 
We  distinguish  accordingly  between  total  and  ])artial  staphylomat». 
In  total  staphyloma  there  is  found  in  place  of  the  cornea  an  opaque, 
protuberant  cicatrix,  the  base  of  which  is  encircled  by  the  margin 
of  the  sclera  or  by  the  very  outermost  rim  of  the  cornea,  which  may 
still  be  preserved.  In  one  series  of  cases  the  proLubL-runt  cornea  has 
the  form  of  a  cone  (staphyloma  totale  conicuni).  In  conical  stnpliy- 
loma  the  protuberance  starting  from  the  margin  of  the  sclera  rises 
gradually  all  the  way  to  its  ajiex.  In  other  cases,  however,  the  protu- 
berance is  hemispherical  (sfnphyluma  totale  sphanicnni),  and  its  walls, 
rising  abrujitty  frtmi  the  s<'lcra  or  even  overhanging  it,  are  oiitliued 
sliarply  upon  the  latter  (Fig.  39).  The  spherical  is  more  frequent 
than  the  conical  form  in  total  staphyloma.  Many  spherical  staphylo- 
mata,  above  all  those  of  recent  date,  have  such  a  very  thin  wall  tliat 
the  layer  of  black  j)ignient  (Fig.  39,  i)  on  its  posterior  surface  is  seen 
through  it,  shining  with  a  bluish  luster.  Such  etaphylomata  accord- 
ingly form  a  slate-coloreti  or  bluish-black  hemisphere,  which  in  form 
and  color  has  a  certain  resemblance  to  a  blue  grape,  whence  (lie  ntime 
staphyloma  {(rTa<j>vX.TJ,  a  bunch  of  grapes).  Afterward  thickening  of 
the  wall  of  the  staphyloma  occurs.  If  this  takes  place  first  under  the 
form  of  firm  isolated  bunds,  by  wliioh  the  surface  of  the  staphyloma  is 
constricted  in  spots  somewhat  after  the  fashion  of  a  blackberry,  what 
is  called  staphyloma  racemosum  is  pro«luce(i.  Old  etaphylomata  have 
for  the  most  part  a  thick  whit«  wall,  in  which  usually  one  or  two  dark 
spots  may  bo  observed,  resulting  either  from  a  deposition  of  pigment 
or  from  localize<l  thinning  (Fig.  39*  a).     Staphylomata  are  generally 
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Ij  applied  to  the 

tke  iigiml  portioa  ol 
tKeeone»  that  tkerekno 
ioager  aiijr  «aiaior  cham- 
ber. 

A  paitial  ssaphvloBMOO-| 
eapies  oalj  a  portioa  of  IIm^ 
f»niea.  It  riaas  as  a  vhite  I 
pwminffftce,  aatallj  in  tb« 
form  of  a  eooe  (staph  rlooui 
partiale  cooieBm);  apheri> 
cal  protebetaaeei  (abqiliy- 
MMna  partiaio  i^|riiiri  ii*nnij 
are  prettT  rar»  in  the  case  of 
partial  staphjfcMaala.  Tbo 
relatioa  here,  tbere-forc,  id 
the  rererae  of  vhat  ii  is  in 
the  caae  of  total  stapby« 
kMBata.  Partia]  tUMfhy- 
loma  obbIIj  exteaids  in 
one  direc-tion  as  fju-  as  the 
margin  of  the  oomea,  vhile 
in  the  other  diivelion  there 
is  a  portion  of  the  oon»ea 
li....^a-a.ai-*-«^  a«^^u*,     of  t^rrin? eit^^nt  which  ia 

ia»MB»y>hi  rMiry  uiwujM.  c  ia»MA  Tte  km    over«  IS  e«nemlli  transpar- 
■  pjiMwiihir^irait  T  ent,  SO  that  the  in$  can  be 

nvognized  behind  it.  Tbo 
iris  if  drawn  forward  to  the  etaphyloin«,  so  tltai  the  pnpil  is  dtsplaeed 
toward  the  latter  and  often  partly  conit-Alcd  bv  it.  Imloei).  the  pnpO 
mar  he  closed  up  altogether  if  the  whole  piipillary  margin  of  the  iris 
is  incorporated  in  the  staphylomti  {as  is  tho  ml.»  u^  th..  oase  of  total 
Staphyloma). 

Btiolo^. — Staphyloma  couütitutos  tho  tin.»)  (hUluhu-  of  the  ciirneal 
ohrer  with  [nrforation,  aud  is  nothing  hut  the  prohiped  iris  which  has 
become  protruded  and  trnusformed  into  cicatrieial  ti<c$ue.  The  pro- 
tmsion  may  be  primary  or  secondary  in  its  devehipmenu 
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(«)  A  priniitry  protrusion  is  produced  iu  the  following  way:  Aftor 
perforation  of  the  cornea  has  occurred,  the  iris  becomes  prohii)»ed  and 
bulges  forward.  The  cicatrization  whicli  follows,  and  which  in  favor- 
ahlo  oast«  produces  llatteniiig  of  the  prolapse,  is  incapal>le  in  unfavor- 
able cases  of  <loing  away  with  the  protrusion.  Uu  the  contrary,  the 
prolapse«!  iris  «tays  protruded  at  the  same  time  that  it  is  gra<luftlly 
converted  into  cicatricial  tissue  ;  it  becomes  con8oli<hitcd  wliilc  still  in 
a  |»osiiitm  of  protrusion  (thus  from  the  prohijise  of  irifi  in  Fig.  38  is 
formed  the  staphyloma  represented  in  Fig.  39).  A  total  or  partial 
staphyloma  develops  according  as  a  total  or  partial  prolapse  of  the  iris 
has  existed.  The  causes  which  opjtose  the  convci-:?iun  of  a  j)roliii)öe  of 
the  iris  into  a  ttat  cicatrix  and  favor  tlie  formation  of  a  staphyloma  are 
chiefly  two:  large  size  of  the  perforation  and  improper  behavior  on  the 
part  of  the  patient.  In  very  small  perforations  there  is  no  develop- 
ment whatever  of  staphyloniu;  and  us  regards  the  second  point,  the 
chief  factors  to  be  considered  are,  iu  adults,  great  ]»liysical  exertion; 
in  children,  crying,  and  also  squeezing  together  of  the  lids;  and, 
in  both,  great  straining  at  stool.  The  temporary  inorca.se  of  tension 
induced  by  this  means  distends  the  newly  formed  and  yielding  cica- 
tricial tissue;  but  as  the  latter  ha*  no  ehwticity,  it  does  not  return  to 
it«  former  dimensions  after  the  elevation  of  tension  has  disappeared, 
but  remains  permanently  protruded. 

(A)  NVe  speak  of  a  sfrofiUari/  profrttsion  when  a  prolapse  of  the  iris 
at  tirst  heals  with  the  formation  of  a  flat  cicalri.v,  which  latter  after- 
ward bulges  out  again.  The  cause  of  this  is  frequently  supfilied  by 
the  same  injurious  influences  that  have  been  enumerated  above — e.  g., 
by  the  too  early  resumption  of  work  by  a  patient  with  a  recently  cica- 
trized corneal  ulcer.  The  recent  cicatrix  is  still  too  yielding  to  offer  a 
proper  resisUineo  to  the  repeated  though  transitory  elevations  of  intra- 
v)culrtr  pressure,  and  so  becomes  gradually  distended. 

A  staphyloma,  accordingly,  in  its  origin  is  not  a  bulging  of  the  cor- 
neal tissue,  but  of  the  iris.  It  develops  from  a  prolapse  of  the  iris,  which 
is  converted  into  cicatricial  tissue — that  is,  it  develops  just  at  the  spot 
where  the  cornea  no  longer  exist«.  It  wouM  therefore  bo  tuore  cor- 
rect to  speak  of  staphylotna  iridis.  In  fact,  the  transition  from  pro- 
lapse of  iris  to  staphyloma  is  altogether  gradual,  so  that  at  a  cerlmn 
stage  of  its  «levehipmcnt  ttic  protrusion  in  the  eye  may  be  equally  well 
denoted  as  an  old  prolapst^  of  I  he  iris  or  as  a  recent  sta})hyloma. 

Consequences  of  Staphyloma  of  the  Cornea.— The  sight  is  always 
diminished.  In  total  stupiiylouiu  it  may  be  reduced  to  the  mere  ability 
to  distinguish  between  light  and  durkncss.  hi  partial  staiiliyloma  the 
degree  of  sight  dei>ends  ujxm  the  character  of  the  part  of  the  cornea 
that  is  still  preserved,  and  also  upon  the  position  of  the  pupil.  Even 
in  the  most  favorable  case,  in  which  a  |)art  of  the  pupil  happens  still 
to  lie  behind  perfectly  transparent  eomea,  the  sight  is  considerably 
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wmk  fey  lk0  imgaiar  eamtnre  wlndi  it  proent  noi  eoly  at  the  ] 
«r  Ae  M^jlom  itadf,  bot  lo  a  leai  degttc  «vtr  the  wbdie  eomi 
1^  timjkj)mmi%  prodaoe  a  tctt  stzikiag  diafiginciiiniL  Tfeey  al 
m  Inabfo  by  gma;  rue  tärongfa  mwhaninl  irritükia  to  cstwriMl 
«f  li»  conJBaetifai,  vith  increaMcd  BFcretMia,  Uduia—tioa, 
The  tl<—r>  of  the  lid«  m  rendered  difficult  in  the  case  of  lafgv 
bf  the  great  aaeof  theprotranoo;  theiyezof  tfaelat- 
Iccv  banf  bsl  iaeoapleleiy  covered  bf  the  lida,  beeoHwa  drj  (xerotic),' 
«r  beeoMMi  the  eite  of  tiloeri  (athenMsatoos  nlcen).  Sometnaea  the 
B4e  are  foreed  eo  maeh  apart  bj  the  «tai^ijloiDa  that  ectropion  de- 

Aaumg  the  inoet  important  ooiiBBi|iieiioea  of  staph  jloma  is  the  efana- 
tii9m  e^touBOM,  which  nltimatelj  takes  place  in  nMMt  staphyKnnat«, 
vhether  total  or  partiaL  Thia  is  the  oomeqoeiiee,  not  the  cattae,  ol 
«flphjIoaM,  iriiteh  asaallT  derelops  ander  normal  intrs-ocnlar  pressure 
•ai  titilj  as  the  reanlt  of  an  insafficieot  power  of  resistance  in  the 
wall  of  the  ejrebalL  Conical  staph jlomata  predispose  to  the  production 
of  eletaied  teniion  more  than  do  the  spherical  ones.  In  addition  to 
the  increase  <rf  pretsore  within  the  eveball,  perceptible  to  the  touch, 
clafBtion  of  tension  finds  its  chief  expression  in  a  diminution  of 
i%bt,  which  finally  ends  in  complete  blindness.  Pain,  too,  is  some- 
tfama  asKciated  wiUi  the  elevation  of  tension.  As  soon  as  the  latter 
has  made  its  appearance,  it  gives  rise  to  further  clianges  both  in  the 
•laphjloma  and  also  in  the  whole  eyeball.  Thin-walled  staphvlomata 
are  made  to  protrude  farther  and  farther  by  the  heightened  pressure, 
and  thus  suffer  an  increasing  attennation  of  their  wall,  until  the  latter, 
frtmj  some  trifling  cause,  rupture«  at  some  particularly  yielding  spot- 
Then  the  aqueous  humor  is  discharged  in  great  abundance,  and  the 
staphyloma  collapses,  becomes  smaller,  and  remains  so  for  some  time. 
But  the  eyeball  slowly  fills  again  up  to  its  former  volume,  and  rupture 
takes  place  a  second  time.  Thus  the  prof.^ss  may  be  repeated  a  num- 
ber of  times  at  pretty  long  intervals,  until  at  length  a  lime  comes 
wh(fn  perforation  of  the  staphyloma  is  followed  by  profuse  intra-ocular 
hicmorrhage,  or  by  severe  irido-cycJitis  or  panophthalmitis.  Then  the 
eyeball  undergoes  atrophy,  and  by  this  means  a  sort  of  «jftontaneous 
cure  of  the  staphyloma  takes  plaL-e.  The  scleral  portion  of  the  eyeball, 
too,  when  the  elevation  of  lensioji  luvs  lasted  a  pretty  long  time,  gives 
wiiy  and  becomes  distended,  especially  in  young  people  in  whom  the 
(Mjlera  is  more  extensible.  In  this  rase  we  observe  lH>lh  total  and  partial 
ectasia  of  the  sdoni.  In  tho  fortiu-r,  the  solera  becomes  uniformly 
distended,  the  entire  eyeball  grows  birgor,  and  the  solera  becomes 
i:#o  thin  as  to  look  bluish  owing  to  the  wny  in  whieh  the  chorioidal 
«gmi'nt  shines  through  it.  In  the  Mei-ond  oiu^e,  the  seh-rji  in  the  vicin- 
ity of  the  cornea  bulgos  furwurd  under  \\w  fnrni  of  a  <'ircumscribed 
swelling,  which  appears  dark  frutn  tin*  ))igni«'nt  shining  through  it; 
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intercalary  and  ciliary  staphylomata  (see  §  56)  are  developed.  Very 
frequently  general  and  partial  ectasia  of  the  sclera  are  found  simullaiic- 
ou^äly  in  the  same  eye,  which  may  thus  grow  to  an  cnornjous  size. 

49.  Treatment.— Stress  is  chiefly  to  be  laid  upon  prophi/hixiK.  Tlic 
physician  wlio  has  to  treat  an  eye  with  prolapse  of  the  iris  must  make 
every  endeavor  to  secure  the  production  of  a  flat  cicatrix.  lie  sliould 
not  suffer  a  staphyloma  to  develop  Ijefore  his  very  eyes.  In  this  con- 
nection, what  has  been  said  in  regard  to  prolapse  of  the  iria  (page  149) 
may  be  consulted.  When  we  have  succeeded  in  effecting  the  formation 
of  a  flat  cicatrix  we  must,  while  the  latter  is  still  recent,  take  measures 
to  keep  it  from  bulging  out  again.  With  this  end  in  view  we  should 
refrain  from  discharging  the  patient  too  soon  from  treatment,  and  we 
must  moat  urgently  advise  him  to  al).>tuiTi  for  a  long  time  from  all 
severe  jthy^icaU  exertion.  It  is  afwn  ailvis;ilile  before  (iischarging  the 
patient  to  perform  an  iridectomy,  wlienever  this  can  bo  done,  as  by  this 
means  the  subsequent  develoimient  of  an  ectasis  is  most  eilectually 
counteracted. 

If  we  have  to  do  witli  a  staphyloma  which  has  already  develo{>ed, 
.our  treatment  must  have  a  different  object  in  view,  according  as  the 
in  hand  is  a  total  or  a  partial  staphyloma.  With  the  former  the 
Ight  is  irreparably  lost,  since  tliere  is  no  trans-pureiit  cornea  left ;  we 
must  hence  confine  ourselves  to  the  relief  of  the  symptoms  produced 
by  the  staphyloma  and  also  of  the  Jisfiguremeut.  With  partial  sLaphy- 
lomata,  our  first  aim  is  to  improve  whatever  sight  may  be  left,  or  at 
least  to  preserve  it  from  further  injury  (by  increase  of  tension).  The 
methods  which  are  employed  for  the  cure  of  staphyloma  are  all  of  an 
operative  character. 

(a)  Total  Stapfn/hmit. — The  simplest  procedure  is  incision  of  tho 
staphyloma.  This  is  done  with  the  expectation  that  as  a  consequence 
of  it  the  staphyloma  will  f  ullnpse,  and,  because  of  the  retraction  of  tho 
cic^itricial  tissue  of  which  it  consists,  will  remain  permanently  flat. 
This  procedure  is  evidently  crowned  with  success  only  when  the  staphy- 
loma is  thin- walled  enough  to  collapse  after  the  incision  has  liecn  made; 
it  is,  therefore,  indicated  only  in  those  recent  staphylonialu  Avhich  are 
still  akin  to  prolapse  of  the  iris.  The  incision  is  made  by  means  n!  a 
cataract-knife.  The  section  is  made  in  various  ways:  either  in  a  recti- 
linear direction  and  transversely  across  the  middle  of  the  staphylonui 
(Küchler),  or  in  a  curved  direction  and  concentrically  with  the  lower 
eorneal  margin,  so  that  a  flap  is  formed  of  the  wall  of  the  staphyloma. 
The  latter  way  of  making  the  section  has  the  advantage  of  eausi ug  a 
marked  gaping  of  the  wound,  since  the  flap  shortens  in  consequence  tif 
the  retraetiou  uf  the  cicatricial  tissue.  Consequently,  the  li}t3  of  the 
wound  are  prevented  from  rapidly  reuniting,  in  which  case  the  ectasis 
would  soon  be  reproduced  and  the  incision  would  have  to  be  repeated. 
IX  the  wound  in  the  flap  sliould  not  gape  sufficiently,  the  flap  must  bo 
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Bhorloncil  by  ilie  roraoval  of  a  part  of  it.     After  the  completion  of  the 
ii(><!ii*in,  ttii!  Ictirt,  ill  c-itHL*  it  ia  still  in  the  eye,  must  be  removed  by  lacer 
ing  till»  imtcriiir  *;aiwiili'. 

tSintp/f  ahhiiinn   of  iho  stiipliyloma,  lifter  the  method  of  Beer, 
porfi»rmo<l  by  Ih-hL  .st-puratinij  tliu  lnwur  half  of  the  ötaphyloma  fro 
lU  hiwt^  by  u  <!urv«tl  incihi(»ti  lumlo  with  tbo  cutnriict-knife.     The  flap 
tliiix  fnrnuvl   is  ^r!is|ic'(l  with   tho  fon;C'[>8,  und  tliL-n   the  upper  half 
tJK'  Htindiykmia  in  iiil  oiF  fruiu  its  biisc  by  nu-aiw  of  the  scissors.     T 
li'iiH,  wliit'li  \m\v  pnwnits,  i«  roniovod  by  oponiug  the  cft^>8Ule.    The 
which  hiis  IxM't»  sid).Htilutwl  for  Lhi^  shtphyhKua  by  the  operation  graUu 
ally  Ik'«'««iU'S  t'los(.»d  by  iiu'ans  of  a  lu'iii,  ilut  (.'iculrix.     Beer's  method  id 
aiiitnbh'  for  old  Htapliyhniiala  with  thick  walls.     It  must  be  mentioned 
AM  oiu<  of  \\w  disadvantu^'t'H  of  tlie  operation,  that  the  after-treatment 
lusts  a  Itui^  lime,  and  iv»|iuri's  spei-ial  caution  oti  the  part  of  the  patient. 
Kvt'ii  ill  the  Operation  nf  sitniile  inrif»i<ni,  but  still  more  iu  that  of  abla- 
tion, an  opening  iu  produved  in  the  anterior  wall  of  the  eyeball,  iu 
whieh  openiuj;,  after  the  lens  has  been  removed,  the  vitreous  presents. 
This  1!*  kept  baek  oidy  by  the  very  bulging  and  teuse  hyaloid  mem- 
brane;  and  if  the  latt«'r  ni[itures,  as  genenilly  happens,  a  jiart  of   the 
TitreoUB  flow8  otT.     A  mo«lenite  loss  of  vitreous  has  no  ijiid  result;  but 
if  the  eseape  of  vitretms  ia  very  profuse,  violent  haemorrhage  may  ensue 
from  the  interior  of  the  eye.     Moivover,  the  vitreous  that  hangs  ont  of 
the  WMumd  may  bv'tHime  infected  by  the  .■5een>tion  of  the  coujunotiv 
and  thus  ivanophthahnitis  may  develop.     In  order,  if  ixtssible,  to  avol 
the  rupture  of  the  hyaloid  nu«inbrane,  or  at  least  any  considerable  esoa 
of  vitreous,  )^l^^at  ipiiet  on  the  pjirt  of  the  )wtient  (rest  in  l>ed  aa 
nvoidanet:»  tif  any  iKnlily  exertion)  is  requisite  for  quite  a  long  tiini 
after  tho  o(x«nilion.     For  this  rmison,  iu  the  case  of  those  patient« 
who»)  a  quiet  U^havjor  is  ttot  to  be  «rpwt^Nl  (so  especially  iu  children)! 
ablation  had  letter  Ih^  v^uiduett^  Moooniing  to  other  methods,  ia  whic 
the  o|>ening  pphIiuhhI  by  t)ie  ablation  is  cJoeeii  by  a  suture,  and  the 
viU\H»u$  i«  thus  held  iMok  iu  th«  «yei. 

.'IJ^/iMM  triik  tk*  smh^nfment  nppiieniio»  of  9  itHtnrf  may  be  done 
in  two  ways,  the  sxiture  being  oanried  either  through  the  bordier»  of  the 
»taphyhvnui  or  through  the  coojanetiva  {D<6  Wecker).  In  tbe  former 
ca^xs  «V  U\H«\\  vkiMi  pcrfonaing  ablation  of  the  ataphTlomar  a  some- 
«iMrt  brvvider  '    \«  wad  bek>v,  throQgh  vhicb  ««  pass  tbe 

«ftor  the  rvm.  le  lens  Ihe  eauir»  are  tied,  and  thus  tbe 

Hnile^l  to  th<>  Uvittt  lip  of  tbe  wound.  In  tbe  eeoond  caeie,  at 
iriunini;  of  tbe  «^pemiktn  «np  divide  tbe  eonjuneCira  all  ronnd  tbe  lim- 
bu$  and  «epanle  it  far  some  little  distaaoe  fimm  tbe  subjaoMkt  sdenu 
»^  thjkt  it  c»n  bo  dniTn  ft>rtnu\}  to  tbe  proper  einent.  Tbcn  we  pMB 
tbotbivad^tbrough  tbefrMettdsof  tbecoQjnnoCiPfk.  We  drav  tbroiigii 
it»  «ippitr  «nd  lo««r  Marfin  »  iMmber  of  VHtlenl  tbtvads«  vhicb  «nbse- 
fiMit^  «<•  tkd  «o  M  to  fem  intemipted  Mrttu»>    Before  tbe 
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are  drawn  tight,  wo  ablate  the  staphyloma  as  in  Beer's  methods,  and 
expol  the  lens  from  llii;  eye.  Then  we  close  the  coiijunetival  wunnd 
by  knotting  the  siittires.  Wo  may  iUbo  apply  the  suture  by  passing  a 
single  thread  in  and  out  all  round  the  margin  of  the  detached  conjunc- 
tiva, in  such  a  way  that  the  two  endo  of  the  thread  come  out  close 
by  each  otlier,  and,  wlien  they  are  knotted  t<:>gethor,  constrict  the  con- 
junctiva after  the  manner  of  a  tobacro-b«g  (tobuceo-bag  suture).  In 
this  case,  too,  the  ablution  of  the  staphyloma  and  the  deli\'ery  of  the 
]eiis  are  not  done  until  after  the  tln-ead  has  been  passed  through  the 
conjunctiva.  For,  aftt:>r  the  removal  of  the  lens,  there  is  imminent 
danger  of  the  expulsion  of  the  vitreous,  and  hence  we  ought  not  to  be 
losing  time  in  applying  sutures,  but,  on  the  contrary,  should  have  it  in 
our  power  to  close  the  wound  promptly  by  tying  a  thread  that  has 
been  already  passed. 

Ablution  with  the  application  of  a  suture  is,  like  simple  ablation, 
suitable  for  all  easi«s  of  ttid  staphylomata  with  thiok  walls,  for  which 
incision  alone  would  n«it  be  sufficient.  It  has  the  mlvantage  over  sim- 
ple ablation  of  requiring  a  less  troublesome  after-treatment. 

Those  cases  of  staphvloma  of  the  cornea  in  which  an  increase  of 
tension  and  secondarily  an  ectasia  of  the  sclera  have  developed,  arc  in 
general  not  adaj)led  for  ablation.  We  should  then  run  the  risk  of  get- 
ting a  violent  haemorrhage  in  consetpieuce  of  the  sudden  diminution  of 
the  previously  increasetl  tension.  For  such  cases,  in  whicli  the  eycljall  is 
increaÄed  sometimes  to  quite  an  enormous  size,  the  only  thing  fensilile 
is  euurleaiion.,  which  relieves  the  troublesome  symiitoms  and  at  the 
same  time  also  the  disfigurement,  inasmuch  as  an  artilicial  eye  can 
then  l)e  worn  in  place  of  the  hideous,  enlarged  eyeball.  For  the  method 
of  performing  enucleation,  see  the  section  on  operations  (^  ICG). 

(b)  Pnrliid  Sfaphf/hnna. — In  thia,  treatment  seek.s  a  threefold  ob- 
ject :  to  improve  the  sight,  to  cause  flattening  of  the  ectasia,  and  to 
prevent  the  development  of  an  increase  of  tension,  or  to  do  away  with 
it  in  case  it  has  already  set  in. 

Shjifilf  inrision,  which  must  be  followed  up  by  the  application  of  a 
pressure  bandage  for  a  pretty  lot»g  time,  accomplishes  its  end  oidy  in 
recent  staphylomata,  the  walls  of  which  are  sldl  thin.  In  older  and 
thicker  cicatrices,  excision,  with  or  without  the  operation  of  uniting 
the  edges  of  the  wound  by  sutures,  is  to  l)e  preferred.  But  the  most 
approved  remedy  that  we  possess  against  ectatic  cicatrices  is  irideetomy. 
This  should  be  performed  in  such  a  way  that  the  incision  lies  in  the 
solera  and  a  broml  colnboma  is  prwl need,  reaching  to  the  margin  of 
the  iris..  We  do  not  select  for  iridectomy  that  part  of  the  iris  which 
Is  drawn  into  the  cicatrix,  as  we  might  do  with  the  idea  of  relieving  in 
this  way  the  incarceration  of  the  iris;  an  iri<lectomy  at  this  spot  would 
on  technical  grouuds  be  very  ditlicull  of  performance,  and  often  woultl 
turn  out  to  be  imperfect.     We  try  rather  to  find  for  our  iridectomy  that 
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Spot  which  corres(>otii]ä  to  the  greatest  improrement  that  Ctm  be 
in  the  vision,  the  pupil  being  shifted  to  a  }K>int  behind  the  most  tnii 
parent  part  of  the  cornea.  Furthermore,  bv  meana  of  the  iridectomy, 
•a  iocreaise  in  tension  is  prorented  from  developing,  or,  if  it  has  alreudy 
derploped,  it  is  done  uwnv  with.  Moreover,  in  cases  of  staph^iomata 
«ith  thin  «all^  a  flattening  of  the  ectasia  is  obtained  br  the  iridectomv, 
if  the  eve  is  kept  beneath  a  preasure  bandage  for  a  long  time  after  the 
openUton.  In  thick^vmlled  and  unvielding  staphylomata,  it  is  advis- 
able to  combine  excision  with  iridectomv.  We  begin  bj  doing 
lomer,  aad  pat  off  tbe  iridectomy  to  some  weeks  Later,  when  the  form 
tioo  of  a  flat  cioatris  hae  taken  place — doing  this  in  order  to  prereni 
tlie  renewed  bnlgittg  of  the  fn»hly  formed  cicatrix. 

If  we  have  to  do  with  a  partial  staphyloma  in  which,  owing  to  t 
increase  in  tension,  the  sight  has  been  already  either  in  great  part 
■Jlagather  annihibted,  no  gain  in  thb  regard  can  be  expected.  Nev« 
ttdaM,  H  wul  be  advisable  to  perform  an  iiideclomy  in  moat  cases 
«dar  to  prevent  the  fiutber  conaeqiienoea  of  the  increaaed  tension, 
•aeh  «  partial  ectaeu  of  tbe  «dan,  enlai^genent  of  the  eotira  eyeball, 
sIbl  Of  CMUSB,  iridedoBj  can  be  pcvfonned  in  aadi  eaoBe  i»lj  ao  long 
m  tbe  anterMT  ebambcr  u  itSl  existeBt.  Aa  aww  aa  the  iris,  in  coitse> 
I  af  tlw  UMsreaaed  tansoii,  haa  been  aqneeaid  against  the  posterior 
'  of  Ünt  cornea  and  has  heooaw  oeoiented  to  it,  the  perfonnanoe 
of  iiidmwir  Ibm  beoonw  toeliBicallj  i—poaäfalo. 

It  eaa  not  be  daaied  tbat,  in  apite  of  Ike  theiaiwotw  OMans  at  w 
coauBaad,  tike  caeatrix  in  buuit  oases  keeps  ooastantlj  bvlfuig  ane 
the  iaewi»  in  twwinn  letmaa  eaek  tioae»  aad  tbna  the  eye  slowly 
nwvteabhr  foaa  Uiwl 
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Hiuci'  the  Htaphyloma  is  not  ciratrizrd  cornea,  but  is  irifl,  and  correspondä  to  a 
»\Hit  nt  whicii  thi>  cornea  has  been  dcstruyGd.  It  ie  only  at  the  outlying  |wrts 
und  tlie  cdjTcs  of  the  staphyloma,  which  are  formed  of  the  remains  of  the  cor- 
nea, that  both  thew  membmnea  can  still  be  demoriHtnited.  This  it)  especially 
tnie  of  a  conical  Htaphyloma,  in  which  the  adjacent  ]iortionrt  of  the  cornea  arc 
exten-üvfly  involved  in  the  ectasi«.  In  total  !<taphyloma  the  iris  may  be  wont- 
ing allo^ther,  being  completely  consum<>d  in  the  formation  of  the  Htaphyloma 
(Fig.  30).  In  other  CAses  u  narrow  rim  of  iris  in  pre?<ent  at  the  i)crii)lieni',  corre- 
.si>ouding  to  the  persistent  marginal  ]K>rtioD  of  the  cornea.  In  that  caisc  the 
iris  is  generally  clo.«ely  applied  to  the  cornea,  and  is  m  atrophic  as  to  he  re- 
duced almost  to  its»  pigment -Itiyer.  In  partial  «taphyloma.  j>erfect  application 
iif  the  iri.s  to  the  cornea  la  found  or\ly  in  those  cases  iu  which  the  entire  pupil- 
lary margin  of  the  iris  has  Ijecome  involved  in  the  cicjitrix;  the  s<?pnriition  of 
the  anterior  from  the  posterior  chamber,  that  i»  thu.s  produced,  causing  the  iriü 
to  be  pushed  forward  up  to  the  cornea. 

Ak  the  anterior  chamlier  becomes  shallower  the  posterior  become«  deeper; 
in  total  staphylomiita,  the  whole  large  space  between  the  ]K>sterior  surface  of 
ttie  staphyloma  and  the  lena  is  to,  be  looked  ufMin  a>i  the  ponterior  chamber 
(A,  Fig.  89).  The  ciliary  Ixwly  suffers  mainly  on  account  of  the  iunreane  in  ten- 
Nion,  which  causes  it  to  «trophy,  especially  if  an  ecta.>*i.s  of  the  sclera  develops 
in  the  ciliary  region  (staphytimia  ciliare).  Furthermore,  the  ciJinry  prcx-essc» 
lire  Homi'time«  very  strongly  pulled  ujmri  by  the  fibt-rs  of  (tie  zoiiulii,  and  are 
thus  elongated  (<•,  Fig.  39). 

The  lens  very  frequently  suffers  changes  in  the  case  of  Btapliylomata.  In 
total  stapbjlomata  it  i.s  often  entirely  wanting,  becamie  it  hau  been  discharged 
from  the  eye  through  the  pnpil  at  the  time  when  a  large  perforation  existed. 
If  the  lens  is  »till  present  it  freijuently  shows  alterations  of  position,  being 
placed  obliquely  in  consequence  of  the  unequal  bulging  of  the  staphylonm. 
Äimetinies  we  tind  it  jwrtially  adherent  to  tlie  staphyloma,  or  it  vibrates  with 
the  movements  of  the  eye,  because  of  the  atrophy  of  the  stretched  zonula  of 
Zino.  These  altenitions  in  the  lens  favor  the  development  of  an  increase  in 
tfHüinn ;  for  this  reason,  after  i)crforming  incision  or  ablation  of  the  8ta[(hy- 
Inma,  we  remove  the  lens  from  the  eye.  Very  frequently  the  lens  is  rendered 
ii|taque  either  in  toto  or  only  at  its  anterior  pole  (anterior  [Hilar  cataract,  P,  Fig. 
30).  In  some  few  cases  we  may  find  the  kus  greatly  dimini.shed  in  size,  or  even 
■<lininken  into  a  mere  membnine. 

The  deeiH?r  parts  of  the  eye  also  suffer  from  the  increase  In  tension.  Exca- 
vation of  the  optic  nerve,  atrophy  of  the  retina  and  chorioid,  and  fluidity  of  the 
vitreous  may  develop. 

With  rei.<«pect  to  the  incrf^iae  nf  trnnon  in  staphyloma,  we  not  infrequently 
meet  with  the  view  that  in  it  resides  the  cause  of  the  «taphylomatoua  protni- 
si(m.  But  this  is  true  for  only  a  very  small  number  of  cases,  (generally  it  luip- 
IK'Ds  contrariwise,  that  the  inrrease  of  tension  is  nothing  but  the  consetpience 
of  the  ecto^is.  The  latter,  in  fact,  takes  place  when  there  is  a  normal  intra- 
ncalar  tension,  which  the  thinned  nnterinr  wall  of  the  eyeball  is  unal)le  to 
mdst,  because  it  consists  merely  of  iris  or  of  new  and  yielding  cicatricial  tissue. 
The  exaltations  of  tension  that  do  occur  are  at  best  transieiit,  l»etng  produce*! 
by  bodily  exertion,  strong  pressure,  screwing  together  of  the  lids,  etc.  But 
theM.-  must  be  strongly  dilTerentiated  from  a  pathological  increase  in  tension, 
n<)f  oidy  Iwcaiue  they  art*  of  but  short  duration,  but  mainly  because  they  occur 
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under  timilnr  circumstances  even  in  the  normal  eye  and  are  tolerated  \«~ith  im- 
pooity.  The  penuaneDt  increase  in  tension  (so-called  secondary  ^lauc<tnia) 
which  we  00  frequentiv  find  in  staphylomatous  ere«  is  hence,  with  but  few  ex- 
cseptioos,  to  be  regarded  «a  the  consequence  and  not  the  cause  of  the  »tapbj 
Ionia. 

As  a  rule,  the  increase  of  tension  resulting  from  staphyloma  develops  quite' 
gradually.  But  sometimes  protrusion  of  the  cicatrix  and  increase  of  teosion 
take  place  simultancou*ly  and  in  a  sudden  fashion,  as  the  following  example 
may  illustrate :  A  person  has  had  an  al>r*cesw  of  the  c«»mea,  which  has  destroyed 
the  latter  in  its  central  part.  Under  Buitabic  treatment  the  prolapsed  iris  is  in 
prooeM  of  transformation  into  r  flat  cicatrix.  Then,  one  morning  the  patient 
oompIaiD0  of  nolent  jwiia  whirli  ha.s  suddenly  dercUii>cd  in  the  eye.  After  re- 
moving the  bnndiige  we  find  the  eye,  which  the  day  before  was  altnai>t  fre* 
from  irritation,  now  the  nieat  of  a  du.sky  ciliary  injection.  The  cicatrix  i»  bulged 
forward  in  the  form  of  a  cone,  the  anterior  chamber  is  very  shallow,  or  Is  altti- 
gethcr  done  awny  with,  by  the  iris  being  pressed  against  the  cornea,  which  Im- 
ker looks  dull.  Small  hiemorrhages  are  visible  in  the  cicatrix  or  in  the  anterior 
chamber.  The  eye  is  hard,  and  very  sensitive  to  the  touch.  An  external  cause 
for  this  sudden  change  in  the  course  of  healing  is  generally  not  discoverable. 

In  whiit  way  does  the  presence  of  a  staphyloma  lead  to  an  increaf«  of  ten- 
»ion  i  In  those  cases  iu  which  the  entire  pupillary  border  of  the  iris  is  impli- 
cated in  the  staphyloma  (that  is.  in  all  total  and  many  partiul  staphylomata), 
the  increase  in  tension  can  R'adily  be  accounted  for  by  the  closure  of  the  pupil 
(«eclusio  pupillte,  see  §  69}.  But  for  those  cases  of  partial  staphyloma  in  which 
a  part  of  the  pupil  remains  free,  it  has  been  impossible  to  give  any  thoroughly 
satisfactory  explanation  of  the  increase  in  tension.  Some  regard  as  the  caui« 
of  it  tlic  strain  to  which  the  iris  is  subjected.  The  resulting  irritation  of  the 
iris  and  of  the  ciliary  b<Kly  i.-^  assumed  to  give  ri.^e  to  an  increased  excretion  of 
the  fluid.s  of  tiie  eye.  The  strain  ujion  the  iris  results  from  its  being  stretched 
between  two  {mints:  its  jtoiiit  of  attachment  to  tiie  sclera,  on  the  one  hand,  and 
thn  cicatrix  to  which  it  is  adherent,  on  the  other.  In  proportion  as  the  cicatrix 
bulges  fr>r«ar<l  and  thus  gets  its  a\tex  farther  and  farther  removed  from  the  cor- 
neal margin,  the  more  b  the  iris  put  ujwn  (he  stretch,  Arlt  from  this  principle 
endeavored  to  explain  why  conical  staphyloma  cntailB  an  increase  of  tension 
much  more  frecjuentiy  tlian  the  spherical  variety.  The  latter  is  formed  whenever 
the  margins  of  the  perfonition  «ihelve  off  iibniptly,  so  that  the  cornea  even  in 
the  imrnerliutc  neighbiirhoml  i»f  tlvi."  »perture  has  its  normal  thickness.  If  now 
the  prolapsed  iris  protrudes,  the  «djaceut  corneal  tissue  takes  110  part  in  the  pro- 
cess. TIk'  margins  of  the  prolapse  rise  at  right  angles  to  the  adjacent  cornea, 
and  thus  a  spherical  ."Staphyloma  i»  formed  (Fig.  39).  In  such  »case,  the  cornea 
surrounding  the  sta|)hylom<i  is  not  prolonged  forward  at  the  time  the  latter  is 
formed  nor  afterward  either;  the  iris  which  lies  ln'hind  this  portion  of  the  come.n 
issubjectcil  to  no  strain,  because  it  is  fixed  tu  the  margin  of  the  {jerfonition.  and 
hence  the  danger  of  an  increaae  of  the  tension  is  here  comparatively  slight.  If 
it  does  «icrur,  it  is  elTected  not  by  the  strain  ujioti  the  iris  hut  hv  the  comjilcto 
inclusion  in  the  cicatrix  of  the  jnipillari,*  margin  of  the  iris  und  the  resulting 
seehisio  pupillie.  A  conical  staphyloma  is  the  consequence  of  an  extensive  ulcer 
which  h:is  hroken  through  iu  a  limited  (lortion  of  its  area  only.  The  nmrgins  of 
the  aperture  hence  sto|H?  gradually  toward  the  latter,  and  on  account  of  their  thin- 
ness become  pressed  forward  ut  the  same  time  as  the  prolai)SL'd  iris.     The  fully 
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developed  octnHi.s.tliori'fnre,  consists  only  in  its  fpntral  portion  of  tlie  old  prolupse 
of  the  triü;  it^  outer  slope  is  in  great  part  formed  by  llic  thinncd-out  cornea.  For 
this  renöon  th*«  ect^sis  docs  not  rise  directly  from  tlif  cornea,  but  makt-s  a  very 
^p^dual  .-MceDt  from  the  margin  of  the  latter,  ki>  tliiit  a  conical  form  is  thus 
given  to  it.  In  this  case,  not  only  the  j>rohip.xed  iri.i  Init  also  the  adjacent  cor- 
nea, whervverit  is  involved  in  the  eetiLHis,  is  sittijectetl  tn  u  pniees«  of  stretchings 
and,  Ki«  the  iris  is  adherent  to  the  cornea  at  the  niur^in  of  the  ]>erfuration,  it  i» 
Btretched  along  with  the  cornea,  and  can  thus  give  rifc  to  an  increase  in  lenHiou. 
(Opposed  to  the  idea  of  a  »train  upon  the  iris  being  the  cause  of  an  increase  in 
tension  is  the  fact  that  wc  do,  though  rarely,  olwerve  cases  in  which  an  ectalic 
cicatrix  of  the  cornea  unad>sociated  with  involvement  of  the  iris  entails  all  the 
same  an  increaw  in  tension.)  Otliers  cull  in  the  diii|ihicement  of  the  tiinui«  of 
the  anterior  chamber  to  account  for  t lie  increa.se  of  ten^^ion  (see  ^  !ri.'5);  for  at 
thoiie  s[)ots  at  wliieh  the  iri.s  is  involved  in  the  eicjitrix  it  is  drawn  well  for- 
ward, and  is  consequently  applied  l>y  its  periphery  to  the  anterior  bijnler  of  the 
sclera  and  to  the  adjacent  cornea,  and  closes  in  the  angle  of  the  anterior  cham- 
ber. This  ex])lanation  is  always  to  be  adopted  for  those  cases  in  which,  on  ac- 
count of  an  involvement  of  the  whole  pupillary  margin,  Rpclusin  pitpillie  is 
present.  In  this  case  the  iris  is  everywhere  driven  forward  by  the  ueiiiniulntion 
of  ai|iiecMH  humor  in  the  ]MiHtcrior  chaml«er.  und  the  sinuu  of  the  tiaterior  cbam- 
iKr  i:>)  thuii  obliterated  all  round  the  circumference. 


2.  Keratedaftia, 

50.  By  kcrutectasia  we  understand  a  protriifiinn  of  the  cornea,  whit-.h 
makes  ila  apia-rtrancc  ufter  iiirtatnnmtioti  of  the  liittor,  wiihoot,  how- 
ever, any  perforation  liuviiig  taken  place.  Tlie  protrusion,  therefore, 
in  till»  case  consists  of  corneal  tissue,  in  coiitradistiuctiou  to  staphylo- 
inatn,  in  wliieh  It  is  fortncd  of  the  tissue  of  the  iris.  From  eetasiw  of 
the  cornea  of  non-inflammatory  origin — i.  e.,  kcratoconus  and  kerato- 
globiis — the  inflammatory  ectasia  of  the  cornea  ia  distinguished  by  the 
fact  that  the  bulging  portion  of  the  cornea,  in  consequence  of  the  in- 
flammation, 19  oputpie. 

Inflammation  produces  protrusion  of  the  cornea  by  thinning  it  or 
by  softening  it.  It  produces  protrusion  by  thinning  in  those  cases  in 
which  an  ulcer  of  the  cornea  has  destroyed  the  8U{>erficial  lamell»:'  of 
the  latter  to  such  an  extent  tliat  the  posterior  himelhe  are  no  longer  able 
by  themselvea  to  offer  resistance  to  the  intra-ocular  pressure  {k'^rntfdasia 
ex  ulcere.  Fig.  40)-  If  all  the  layer«  a.s  far  as  the  membrane  of  Des- 
cemet have  Ix'cn  destroyed,  a  hernia  of  this  membrane  (keratocele)  is 
prfMhiced,  which  nniy  cicatrize  in  tlii-s  ectatic  form.  In  tliis  case  this 
hernia  persists  iw  a  perfectly  transparent  vesicle  which  projects  above 
the  surface  of  the  cornea,  and  which  is  stirrouiuled  by  an  opaque  cica- 
tricial ring. 

Kctasis  of  tlic  cornea  may  also  take  place  because  of  a  softening 
that  results  from  inflammation.  Under  thi.«  head  belong  the  keratec- 
/fiÄia  e^ifl«Mo,  wiiiclt  develops  when  a  thick  pannus  penetrates  pretty 
deeply  into  the  cornea  proper,  and  the  koratectasia  following  paren- 
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volved  in  the  conical  projection,  ao  that  we  can  perceive  the  conical 
shape  of  the  cornea  at  ouce,  especially  upon  taking  a  lateral  view  of 
the  eye.  Last  of  all,  the  apux  of  the  eunu  bücouicä  opaque  and  UDeven 
in  surface. 

To  the  patient  the  disease  makes  itself  apparent  only  by  the  dis- 
turbance of  vision.  The  eye  becomes  apjiareiUly  myopic,  so  that  all 
objects  have  to  be  brought  up  very  close.  Nevertheless,  |>erfectly  sharp 
vision  is  not  attainable  by  means  of  spherical  concave  glasses,  because 
the  bulging  of  the  cornea  is  not  spherical,  but  couical  (hyperbolic). 
By  the  developmeut  of  the  opacity  at  the  ai)ei  of  the  cone  the  visual 
power  is,  of  course,  still  further  depressed. 

Keratoconug  is  a  rare  disease,  which,  as  a  rule,  affects  both  eyes.  It 
begins  for  the  most  part  between  the  twelfth  and  the  twentieth  year, 
develops  very  gradually  in  the  course  of  years  to  the  height  above  de- 
scribed, and  ultimately,  sooner  or  later,  comes  to  a  standstill.  A  sub- 
sidence of  the  ectasia  is  not  observed  ;  but  ulceration  or  rupture  of  the 
cornea  is  not  observed  either.  Nor  does  increase  in  tension,  wliich  so 
frequently  develops  in  inflammatory  ectasia;  of  the  cornea,  occur. 

The  cifiise  of  the  protrusion  lies  in  a  progressive  thinning  of  the 
central  portion  of  the  cornea,  which  consequently  give  way  before  the  in- 
tra-oculur  pressure.  By  what  means  this  thinning  is  produced  is  un- 
known. 

Treairnent  can  point  to  but  slight  results  in  this  disease.  In  recent 
cases  that  have  not  yet  gone  too  far,  we  may  try  to  put  a  stop  to  the 
process  by  thorough  protection  of  the  eye,  by  general  corroborative 
measures,  and  by  the  long-continued  instillation  of  a  miotic  (eserine  or 
pilocarpine).  The  marked  contraction  of  the  pupil  thus  produced 
lowers  the  tension  in  the  anterior  chamber,  and  thus  lessens  the  burden 
imposed  upon  the  attenuated  cornea.  A  few  cases  have  been  ihus  put 
a  stop  to  (.Vrit) ;  a  like  result  may  perhaps  also  be  attained  by  iridec- 
tomy. Finally,  a  series  of  methods  aims  at  the  substitution  of  a  resist- 
ant cicatrix  for  the  attenuated  apex  of  the  cone.  For  this  purpose  the 
latter  is  destroye«!  by  excision  or  by  cauterization,  or  by  both  combined. 
Since  the  corneal  cicatrix  thus  obtained  lies  directly  in  front  of  the 
pupil,  a  displacement  of  the  pupil  to  one  side  by  means  of  an  iridectomy 
is  afterward  usually  required. 

4.  Keratoglohus. 
In  keratoglobus,  the  cornea  as  a  whole  is  larger  than  normal.  It 
constitute  hut  one  of  the  symptoms  of  a  general  enlargement  of  the 
eyeball,  which  belongs  to  hydrophthulnuiä  (biiphllmtnuis),  for  which 
reason  reference  mnst  be  mad»  to  the  latter  disease  (§  84)  for  its  de- 
scription. 

By  many  authon  the  expression  atnphyloma  comes  Ih  employed  id  a  broader 
nense,  and  all  ectasite  of  tbo  cornea  are  desiguated  under  this  name.     In  that 
14 
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ii  furtlier  tlivisjuii  uf  the  term  ii»  made  bj  distinguitiLiing  (lie  trauspanint 
^«Ktusiae  •»(  tin*  cornea,  kcratucouiui  and  kcrutoglobus,  under  the  name  of  btaphy- 
lomn  (Millucidum,  from  cicutriciul  HtttpiiylomatA  and  kcratectoftisB. 

In  l-enttifr>mnjt,  the  thinniag  of  th*  cornea  witliin  the  area  of  the  conical  pro- 
trusion can  l>c  drmon.stnited  by  the  facility  with  which  the  apex  of  the  cone 
can  Iw  dimpled  by  means  of  a  sound.  Anatomical  examinations  have  also 
domoQstrated  that  the  cornea  may  be  reduced  in  its  center  to  a  third  of  ita 
nonnnl  thtckne-sä  ( Wngner,  Hulke).  A  keratoconus  of  üligbt  degree  may  be 
rvadity  overlookeil,  since  the  cornea  is  |>erfectly  trausiuirent.  The  diagnosis, 
huwcvor,  can  be  made  even  in  the  earlier  stages,  not  only  by  examining  the 
corneal  n>flex,  but  also  by  means  of  ophthalmoscopic  examination.  If  we  illumi- 
nate the  pupil  with  the  ophthnlmo3co|)e,  we  see  in  the  red  tield  of  the  former 
an  annular  shadow  which  is  particularly  dark  at  one  spot ;  this  s|)ot  changes 
with  the  movements  of  the  mirror.  In  high  degrees  of  keratoconus,  in  which 
th;.*  apex  is  already  oixique,  the  distinction  from  a  keratectasia  following  a  cen- 
tral ulcer  of  the  cornea  i^  often  very  diSiciUt,  We  must  then  take  into  cun^id- 
eriitioD  the  condition  of  the  other  eye.  In  keratoconus  we  almost  always  find 
the  dccond  eye  disea.«etl  as  well,  although  not  ordinarily  to  the  same  extent ; 
w-hiK*  a  central  kerntectasia  could  only  by  a  rare  accident  be  present  at  the  same 
Unto  in  both  eyes. 

Kenitucunu«  aflccts  the  female  more  frequently  than  the  mole  aes.  Those 
•tiackod  b;  it  act  ool;  Me  worm  in  the  line  of  direct  vision,  tmt  their  indirect 
risioR  is  alao  impaircdi,  since  the  rays  which  enter  the  eye  through  the  aide  of 
tlkt  COae  tm  very  im!gularly  refracted.  The  consequenoe  of  this  is  faulty 
ori>ntittoB  in  going  about,  such  as  is  not  present  in  simple  myopia  even  of 
wry  high  decree  (Art! ).  A  moderate  improvement  of  riaion  can  generally  be 
obtained  bj  Uw  uw  of  atroi^j  concave  spherical  giaaw«,  either  alone  or  com- 
hinHl  with  eoooAi«  ^findenL  In  nuny  cnsee  the  hyperbolic  gliwws  proposed 
by  Raeblwnn  do  good  Mrrke.  With  these,  the  (Mtient,  to  we  clearly,  most 
look  juat  in  fine  with  the  optknl  axis  of  the  glass:  they  can  not,  therefore,  be 
W*4  far  Mtfaag  irfaioo,  nod  conaequently  not  for  gwng  nbook.  The  mow  is 
tra»  of  tiM  rtimi(Miie  slit,  wtudi.  held  in  the  patient's  bond  doee  before  Ua 
«y«,  EKilitates  the  tvcofputioo  of  small  objects  »ch  as  fine  prisL 


Ttmn  or  TBB  CoKJOu.  —Tvmm  whieh  de«<riop  primarily  in  the  ennen 
•K»  tmnag  the  givata«  rarities ;  for  tk»  fifiwii  «ad  «mcmhU  whkk 
nreobactred  «po«  the  wii— ■  do  mc  twtgi'nin  tfi^  btia  the  mjjßtxU  coa- 
junctivm.  and  in  tact  gmuattf  hi  Iho  NbAos.  Tbcee  tooms  btvo  bc«a  ah«*^ 
oonsidned  ocder  the  hand  of  dSmmtm  oT  the  cBojoBctiTa;  so  nlfo  ho»  bee»  the 
dermoid,  a  coajMiital  kxm  of  taakor.  ailwMed  pwtly  opoa  the  conn,  pwtly 
in  the  oonjoactivm. 


CHAPTER  III. 
DISEASES  OF  THE  SCLERA. 

Anatomy. 

VL  THE  sclera,*  together  with  the  cornea,  forms  the  fibrous  enve- 
lope of  the  eye,  the  shape  of  which  is  nearly  tiiat  of  u  splieie  Imviiig 
M  cunstriction  corrcf^pomling  to  the  btwe  of  the  cornea.  Tlie  mean 
dinniotcr  of  thia  sphere  (lengtli  of  the  axis  of  the  eye)  amounts  to 
twenty-four  millimetres.  The  sclera  is  thickest  in  the  posterior  seg- 
ment of  the  eyeball,  where  it  has  a  thickness  of  about  one  millimetre. 
It  gradually  dimiuisheä  in  thickness  anteriorly,  becoming,  however,  some- 
what thicker  in  the  most  anterior  segment,  because  here  the  tendons  of 
the  recti  muscles  become  fused  with  and  reinforce  it. 

The  hi.'itological  structure  of  the  sclera  is  very  similar  to  that  of  the 
cornea.  The  sclera  consists  of  fine  fibrillas  of  connective  tissue,  which 
are  united  into  bundles.  These  run,  generally  speaking,  in  two  direc- 
tions— from  before  huckivard  (meridional  fil>ers),  and  in  a  direction 
Concentric  with  the  luju-giu  of  the  cornea  (circular  or  etjuatoriiu  fibers). 
Between  the  bundles  are  found  lymph-sjMiccs  which  are  in  part  lined 
with  flat  cells,  thus  forming  an  analogy  with  the  system  of  lymph- 
Bpaces  and  the  corneal  cor|)UBcle8  of  the  cornea.  The  tissue  of  the 
sclera  and  of  the  cornea  are  henco  very  similar  to  eat^h  other,  and, 
moreover,  at  the  corneal  margin  jmiss  into  each  other  witliout  any 
sharp  line  of  demarkation.  They  are  chiefly  distinguished  by  «he  ar- 
rangement of  the  bundles  of  fibers,  which  is  much  more  regular  in 
the  cornea  than  in  the  sclera. 

The  Sclera  also  contains  branched  pigment-cells,  which  for  the  most 
part  are  mot  with  only  in  its  deep  layers  and  also  along  the  vessels  and 
nerves  wliich  traverse  it.  In  the  living  eye  we  often  perceive  the  pig- 
ment in  the  spots  where  the  anterior  ciliary  veins  emerge  from  the  sclera, 
these  spots  appearing  as  small  brown  points  upon  the  white  membrane. 
Sometimes  we  find  in  the  human  eye  larger,  slate-colored  or  light-vio- 
let spots  upon  the  sclera  due  to  an  abnormal  pigmentation.  Such  pig- 
mentation as  this  is  the  rule  in  many  animals.  If  the  sclera  is  thin. 
the  pigment  of  the  subjacent  chorioid  is  seen  as  a  dark  substance  shin- 
ing through  it.  In  this  case,  which  occurs  especially  in  chihlren,  the 
white  of  the  eye  has  a  blnish  tint,  like  thin  white  porcelain. 

*  From  vnKiipis,  hard. 
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The  seien  is  tnTcraed  by  Teacli  and  hcttm  vliieh  penelnie  into 
tW  mtarior  of  tbe  ft,  bat  hat  ita^  reiy  hm  temeU.  On  tbe  odier 
kani,  ther»  are  aaawnms  Tuawh  ooataiiMd  in  tbc  «MaUkd  eptadoral 
,  that  loose  coonective  tiKoe  whicb  enTidofie  tbe  ederm  and  in  the 
oftheeyBattarhtaifaecoojanütifatö  it.  Intbepoa- 
of  tbe  efs  tbeeptie  oerre  paana  tbro«^  tbe  adex«, 
vUeh  bere  apparentlj  b&!  aa  apertare  for  tbe  passage  oi  the  nerre 
(teaaaa  adime).  In  realitr,  bovever,  the  inner  lasers  of  the  adem 
the  lamina  eribroaa  tbna^  the  fonunea  sdene  (Fig. 
particakn,  Me  g  101). 
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of  die  Kkca  (aefcritia),  arbich  bdongs  among  the 

of  tta  aj«i  ii  alvmji  fiaüted  to  the  aatcnor  Mgmesit 

Ifii^  btiamt  the  ecyaator  of  thee?al«ll  and  the  amrgm 

It  aaaMtimes  affect«  oalj  tbe  snperficiat  lafeia  af  the 

the  da^  layem  also.    In  the  int  caae  the  diaeaae 

iiiieniiig  anj  injorj  npoa  tbe  eye;  Int  in  the 

Ki  ia  daageroaa  lo  the  aght,  iiiwiai  li  as  the  influnmation 

the  aekn  to  the  other  nwimhrama  of  the  c^    It  is  henoe 

af  Ae  fieeaa»  (cpivkntia  and  aeferitk  of  aathon). 


W 


the 

lofa 


aa  a  ViraBwd  inflemiaarirtn.  a  cir- 

At  Aa  afleetcd 

af  iTadBla>  brigta  art  in  the 


tDthe( 
a '; 
V  KMh  <M- sarpam  ÜW  an»  af  a  lertO,  ia  ftmad 
This  H  txataoad  by  tiianlii  whkh,  baeaan  deeptr  aitaalid  (cpt. 
l>.ai«VMlitinealar;  and  it  fe  iaumMj  attached  to  tbe  adank 
«bBe  the  ea^jawtha^  thiagh  to  be  aam  iajeetad,  «an  be  a»«ed  aibottt 
ftaciy.  IW  aodak  fcek  bant  and  ia  aomelsaMa  tvrr  senative  to  the 
Sampt  at  the  ale  of  the  Mdmb  the  eve  mar  fa«  peeieelly  free 
ijirtiaa  TW  aakjedne  dwtibaarw  varr  greatlj;  fiefaenttj 
the  diiiaai  iaaawdafcrf  with  bat  sÜgbt  il'wiamftat'fcr  the  patieaU  vbfla 
vM7noicttt  paia  b  pnaMd»  vhkh  far  along  tiaae  de- 
af eiee|h. 
Ia  the  aahiafMrt  caww  of  dM 
tioa  af  the  aaialia  aa««r  ooear;  o«  the  «aalnvr«  &rr  elaara 
pear  by  lenrpliaa.  Aftor  the  inftimiaiieii  has  mmBimif  at  its  arme 
iBrawaeaaefc^Ae^iirii  gtailimHy  §Mtm^  ktümn  pahc.  aad  at 

weeks,    f^nmftimm  it  Jeavaa  aa  trace  behiad  it;  mw»  fa»yMa%,bow. 
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eTer,  at  the  spot  where  it  was  sitnated  a  slate-colored  spot  is  left,  and 
in  its  place  the  sclerd  appears  somewhat  depressed  and  the  conjunctiva 
is  closely  adherent  to  it  (cicatrix  in  the  sclera).  In  other  respects  the 
eye  experiences  no  after-injury  from  the  inflammation. 

Scleritis  is  an  eminently  chronic  disease,  since  it  has  the  peculiarity 
of  recurring  very  often.  As  soon  as  the  first  nodule  has  disajipeHred — 
or  even  earlier — a  second  one  appears  ufKin  another  portion  of  tlie 
sclera.  Sometimes  the  disease  does  not  cease  until  nodules  have  devel- 
oped, one  after  another,  in  the  entire  circumcorueal  space,  and  at  length 
a  zone  of  gray  discoloration  is  visible  entirely  surrounding  the  cornea. 
By  this  time  the  disease  has  exhausted  iteelf,  since  a  new  nodule 
does  not  generally  develop  in  the  spot  where  another  was  situated 
before.  But,  before  it  has  gone  as  far  as  this,  several  years  may  have 
elapsed,  during  which  the  patient  with  but  short  interruptions  is  an- 
noyed by  attacks  of  inflammation.  In  addition  to  this  the  disease  very 
frequently  attacks  both  eyes.  The  proffnosis  of  the  superficial  form  of 
scleritis  is  hence  unfavomble  in  respect  to  the  duration  of  the  disease; 
while  with  regard  to  the  final  outcome  it  must  be  stated  as  favorable, 
because  the  capacity  of  the  eye  for  vision  suffers  no  impairment,  even 
if  the  process  lasts  a  long  time. 

Superficial  scleritis  occurs,  as  a  rule,  only  in  adults,  and  especially 
in  elderly  people.  In  some  cases  it  appears  to  be  connected  with  rheu- 
matic or  gouty  affections;  iu  others  its  origin  is  obscure.  Treatment 
avails  but  little  against  it.  Wo  are  able  to  ameliorate  the  symptoms 
and  accelerate  somewhat  the  subsidence  of  the  nodules,  without  having 
it  in  our  power  to  prevent  the  recurrences.  Sodium  salicylate  is  given 
internally,  if  there  are  any  grounds  for  the  as8umi)tion  of  a  rheumatic 
origin  for  the  disease ;  otherwise,  diaphoretic  methods  of  treatment, 
derivative  remedies  in  the  shape  of  mildly  purgative  mineral  waters, 
iodide  of  potassium,  etc.,  may  be  recommended.  As  regards  local 
remedies,  we  may  try  to  produce  more  rapid  subsidence  by  means  of 
massage  (Pagenstecher).  Fat,  either  without  addition  or  under  the 
form  of  the  yellow-precipitate  ointment,  is  introduced  into  the  eonjuao- 
tival  sac,  and  the  nodule,  M'hich  can  be  felt  through  the  lid,  is  then 
rubbed  and  squeezed  through  the  lid  by  means  of  the  fingers.  If  the 
disease  is  associated  with  violent  pain,  we  may  employ  moist  and  warm 
compresses,  atropine,  and  local  blood-letting  (six  to  ten  leeches  upon 
the  temple)  in  addition  to  the  massage ;  the  latter  procedure,  indeed, 
in  these  cases  frequently  can  not  be  performed  because  the  nodule  is 
loo  painful.  In  this  event  scarification  of  the  nodule  (.Vdaniück)  or 
scraping  with  the  sharp  spoon  (Scholcr)  has  been  recommended. 


{b)  Deep  Forma  of  Srkn'tis. 

In  this  form,  too,  a  swelling  of  the  sclera  exists,  which  may  make 
its  appearance  under  the  form  of  isolated  prominences,  but  which  more 
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ftvqBBBtlr  18  not  so  sharplj  circnmscribed.     In  the  Utter 
miimm ibowm m ttdaoAve  falnisk^^ed  iajeclioia,  ftontitimrm  oo^wog  the' 
«tele  drctmemuBtl  regioB«  and  a  nofe  imifonii  BvcOiii^  not  com- 
pavd  ol  iwlated  proBiiiencie&    Bat  the  dieep  is  disdagaidied  iroi 
Iks  wniftiisl  tarm  muat  of  all  bj  the  ooane  of  the  inflaiamatioii  and' 
liy  its  bdnf  fwai—iiKated  to  other  parts  <tf  the  eye. 

T%n  JnisMiaation  in  the  sclera  in  this  case  also  does  not  lead  todi 
of  the  inflsounatonr  prodoctB,  bat  to  their  djaiypsanmcc 
«ith  the  formation  of  a  reädnal  dark-coloned  cicatrix.     In 
the  BMaB  tiaw,  however,  the  adetm  hse  been  nndei;going  i 

at  the  ate  of  the  cicatrix,  so  that  it  k  bo  loager  able 
t»  the  intra-ocnlar  pressare,  etea  thoii|^  this  does 
•xeesd  its  aonaal  aajoaat.  Heace  ectesw  of  the  diacaaed  spot 
This  naikw  its  appeamace  aadrr  two  foraa — either  m  ample  ei 
■nat  «f  ^  sarfiKP,  or  es  »  gibbons  pcotmsiea  ef  the  thiaaed-oat 
tiaaa  of  the  sdera.  In  the  foraaer  osee  the  eotire  dreanoonieel 
of  y«  sclera,  whidi  bas  been  cohmd  grsj  bv  the  sderitiä, 
nswtaaUy  nera  aad  OKNte  dilated.  Coaseqacmijt  the  eomea, 
aiift  the  a^jaosat  poctiont  of  the  adeia,  prajects  Cuther  forvard, 
that  the  exeball  beoooMS  eloagated  ia  the  a^ctal  directsoa  mod  pjri- 
fona.  la  the  aeooaid  csea,  om  the  coatnwy,  a  dreaaiecribed  protnoioa, 
of  the  thiu«d-o«t  ipata,  laiang  ^bb  above  the  level  of  the  healthj 
aolt^^  io  prod»c«d,  00  that  there  are  se»  rising aboat  the  coraea  a  nam- 
bsr  of  hasps,  vbich,  beaaass  of  their  thin  vvlla,  shov  the  dariE  pigmen t 
ahiaiag  thiwifh.  As  these  are  ooeapriaea  in  the  rcfiaa  of  die  cükry 
ba4j«  ther  are  oaUed  ciliary  slaphyloaata.  In  bothTsrietiesof  < 
that«  feoecally  oocnr  «ahse^neot  «levatioo  of  taosioa,  general 
«Mat  of  the  etns  and  flnallT  ccimpiete  bhadaeaa. 

(bayhValwiM  affpctii^  otinr  portioaa  af  the  eve  are  Kfceviae 
pMaUaritjr  of  the  vt«>«p  form  of  asWritiiL  Ther  aflect  both  cornea 
•vea.  In  the  c\>nM<«h.  iufilkrate«,  dee|4T  äta»t«d,  develop,  which  do 
Wiak  dowu  into  pus  but  bvoome  abaeibed  i^aia«  karii^  a  pennanent  < 
opacitv  (A^WoM^f  keiatUtt,  see  p^a  IStK  la  the  iris  ve  fiad  the 
$%■•  of  iriti«.  waialj  «ader  the  gaii»  of  pes>>rwr  ^ncehke  and  even 
off  oedttMKt  papilUK  bat  aet«r  t%f  hrpopnin.  la  d»  chorioid,  the  in- 
ianmaikm  affect«  oh»eit)r  it»  imwt  anterior  portaosKaad  oaasr»  injury 
to  risioa  cbietjr  throafh  the  aeooaipaap^  opaniiM  ta  the  rit 
So  ia  this  ^w«  of  seWitis  alnkost  all  parts  of  the  «9«  «flier;  and  f« 
ihU  rnMAu  it  akost  be  kx^ted  apoa  as  aMich  seoce  daageroas  than  tlie 
•aperfteial  fwnsk 

Deepsetoitk  aloMMt  alwt^vt  aflMte  bath  ejpww  aad.»  treatiaant 
«aable  to  amM  it»  is  i^Ov^n^l  oxvr  a  coan»  of  yean.    Ii  l«ads  to 
IbraMktMU  of  demv  «>>meal  o(«ac<i|««ii,  to  aitilaao  pipilh — ^"^^  '*^  banefar 
aaawN|aeacsa>  t^  iH>«^Hlie«  vxf  the  leaa  aad  ttUeaaa.  %»  atvopia  of  high 
iifrre  a>»e  to  the  vl^ayation  k4  th«^  a\t«  of  the  et«,  aad  iaaBy  toebi 
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tion  of  tension  dne  to  the  ectasi»  in  the  sclera.  Hence  the  disease  always 
ends  by  producing;  ^rout  iinjHiirmeiit  or  t'ven  complete  loss  of  sight. 

The  deep  fortii,  in  opposition  to  the  euportlciul  variety,  mainly  affects 
young  people  (but  not  children).  It  is  often  found  in  conjunction 
with  the  signs  of  scrofula,  tuberculosis,  or  hereditary  syphilis.  In  the 
female  sex,  which  is  more  frequently  attacked  than  the  male  by  thia 
disease,  disturbances  of  menstruation  appear  to  furnish  the  exciting 
cause. 

Trealinent  has  very  little  power  over  deep  scleritis.  It  has  first  of 
all  to  combat  any  constitutional  afTecLion  that  may  lie  at  the  root  of 
ibe  disease,  and  for  this  purpose  tljt-  prcpurniions  of  iodine  (iodide  of 
potassium,  iodide  of  iron,  iodureted  mineral  waters),  or,  in  case  of  the 
disturbances  of  menstruation,  the  preparations  of  iron  are  employed. 
As  concerns  the  eye  itself,  the  intiainfuation  of  the  cornea  and  iris  must 
be  treated  in  the  appropriate  way.  In  the  sub.'^equent  course  of  the  dis- 
ease iridectomy  is  frequently  required,  either  for  optical  reasons,  to 
place  the  pupil  behind  that  part  of  the  cornea  that  is  still  transparent, 
or  to  prevent  the  elevation  of  tension  which  may  be  excited  by  the 
seclusio  pupillae  or  by  the  ectasia?  of  the  sclera.  Iridectomy,  however, 
should,  if  possible,  not  bu  performed  until  after  the  subsidence  of  all 
i  n flam matory  sy m ptoms. 

The  superficiiil  nnd  tlic  deep  variety  of  scleritis  are  nat  at  all  shaqily  di»- 
tin^uislied  from  euch  otluT,  but  »how  many  tranHitioD  forms.  We  ciin  iiüt,  in 
ftift,  »I*  in  the  living  eye  how  far  the  inlliimmntion  penctnites  into  the  »cIcrA. 
When  we  make  the  assumption  that  in  tlip  dwp  furm  the  intlummation  does 
extend  more  deeply,  we  have  no  direct  proof  of  it;  we  can  only  infer  ihin  in- 
directly from  the  subsequent  thinning  of  the  »clera  and  from  the  spread  of  the 
inflammation  to  the  tiuhjacent  uvea.  In  fact,  nuiny  authors  assume  that  the 
real  starting-point  of  the  inflammation  in  thi»*  form  lies  in  the  uvea,  and  they 
call  it,  therefore,  Rclero-chorioiditis  or  uveo-scleritis.  All  our  views,  however, 
in  reganl  to  the  real  location  of  the  disease  are  of  a  purely  hyjtnthetic.'il  nature, 
since  so  far  no  accurate  diswcction  of  an  eye  affected  with  w-lerili?i  has  been 
forthcominicr. 

Scleritis  in  the  well-marked  cases  is  a  very  characteristic  and  easily  recog- 
nizable disease.  In  liyht  and  abortive  cases  the  diagnosis  is  sometimes  diffi- 
cult. For  instance,  a  sclcritic  nodule  which  is  small  and  situated  paiticularlj 
dose  to  the  marj^u  of  the  cornea,  mifjht  lie  taken  for  an  efflorescence  of  con- 
junctivitis lymphatica.  The  foliowinj;  clmnicters  may  be  regarded  as  dii^liuc- 
tive;  the  scleritic  nodule  never  actually  lies  in  the  limbus,  and  besides  is  not 
situated  in  the  conjunctiva,  iiut  beneath  it,  so  that  the  latter  can  be  moved 
about  over  it.  Lastly,  the  subsecjuent  course  will  S4x>n  clear  up  the  diagnosis, 
as  the  lymphatic  nodule  is  converted  by  suiwrßcinl  disintegration  into  a  oon- 
juuctival  ulcer — a  thing  which  never  occurs  with  a  scleritic  nodule. 

In  parenchymatous  keratitis  we  Bometimes  find  a  coincident,  «light  but 
widely  diffused,  circuracorneal  scleritis.  Isolated  nodules  are  sometimes  also 
olwerved  in  the  sclera  as  «  result  of  syphilis,  but  a  typical  recurrent  scleritis 
never  arises  from  this  cause. 
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The  graj  spots  left  upon  the  scleni  by  the  superficial  form  of  Bcleritis 
not  ectatic,  from  which  it  maj  be  coacludtd  that  in  this  case,  at  any  rate, 
sclera  is  nut  much  attenuated.  But  wheth^-r  the  dark  coloration  of  these  spots 
depends  upon  the  subjacent  chorioii^al  j»igtnent  which  «Jiine»  through  the  sclera, 
or  whether  a  depositicin  of  pigment  has  taken  place  in  tlie  sclera  itself,  has  not 
BO  far  been  certainly  determined.  In  the  deep  form  of  scleritis,  the  eclem  in 
the  zone  directly  adjoining  the  cornea  ia  fretjuently  of  ihe  luster  of  porcelain, 
and  white  with  a  tinge  of  violet  (Arlt). 

Ectasia)  of  the  anterior  segment  of  the  sclera,  developing  as  a  result  of  dee] 
acleritis,  are  accounted  for  upon  e«aeijtiully  differetit  grounds  from  eciaais, 
which  make  their  ai>pearance  in  this  region  under  other  circumstances.  Di 
tention  of  the  anterior  segment  of  the  sclera  (ciliary  and  intercalary  staphyl 
mata)  is  in  most  cases  the  consequence  of  an  elevation  of  the  intra-ocular  press-  ' 
ure,  which,  when  lasting  for  a  long  time,  forced  the  sclera  which  was  originally 
norm.ll  to  give  way ;  the  aftenia;ition  of  the  ncler;i  ia  simply  a  result  of  it.s  pro- 
trusiun.  In  scleritis  the  facts  are  reversed.  Here  the  primary  event  is  the 
attenuation  of  the  sclera;  the  latter,  therefore,  gives  way,  although  the  intra- 
ocular pressure  is  norraul  and  remains  so  for  a  long  time.  Tlic  elevation  of 
tension,  which  tinjlly  makcä  ita  appearance  in  this  case  also,  occurs  only  aa  a 
sequel  to  the  ectasia. 

II.  Injuries  of  the  Sclera. 

54.  All  traumatisms  affoctiag  the  cornea  and  conjunctiva  are  also 
met  with  in  the  sclera.  Injuries  of  the  sclera  are  chiefly  of  importance 
when  they  perforate  it  completely.  Tlie  fact  that  an  injury  of  tlie 
eyeball  is  or  is  not  aaaociated  with  perforation  of  the  tunics  of  the 
eye  is  of  great  significance,  since  every  injury  of  the  former  kind, 
however  insignificant  otherwise,  is  to  be  regardefl  as  very  serious. 
The  reason  of  this  is  that  there  is  a  possibility  uf  an  infection  of  the 
interior  of  the  eye  taking  place  at  the  same  time  as  the  perforation; 
but  this  almost  always  leads  to  a  severe  form  of  inflammation  that  is 
very  destructive  to  the  eye.  Tiiis  is  true  for  perforating  wounds  of  the 
cornea  as  well  as  of  the  sclera,  for  which  reason  the  stivtements  mad« 
in  the  following  pages  may  be  applied  to  both. 

The  rao.st  iniiwrtaut  si/mploirui  of  the  presence  of  a  perforation  are  d 

(a)  Tiie  diminution  of  tho  intra-ocular  tension.     This  symptom  ig^ 
particularly  valuable  in  the  case  of  small  wounds  in  the  sclera,  which 
are  concealed   by  the  ecchymosed   conjunctiva,  and  are   hence  not 
directly  accessible  to  inspection.     The  diminution  of  tension,  of  course^j 
lasts  only  as  long  as  the  wound  ie  open. 

(b)  If  the  perforation  has  occurred  in  the  region  of  the  anterior 
chamber,  the  latter  ia  ehivllower  or  altogether  obliterated,  until  the, 
wound  closes. 

(r)  In  tho  case  of  somewhat  larger  wounds  the  prolapse  of  the' 
subjacent  structures  gives  evidence  of  the  presence  of  a  perforation. 
Most  frefpieutly  it  is  the  uvea  wliich  protrudes  from  the  wound  under 
the  form  of  a  darkly  pigmented  mass.     According  to  the  situation  of 
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the  wound,  the  prolapsed  portion  belongs  to  the  iris,  to  the  ciliary  body, 
or  to  tho  chorioid.  If  the  uvea  is  ruptured,  some  vitreous  is  fouud 
hanging  out  of  the  wound.  Very  frer]uently,  too,  there  are  extravaaa- 
tiona  of  bloo<l  in  the  interior  of  the  eye,  which  to  be  sure,  often  likewise 
occur  in  the  case  of  non-perforating  contusions  of  the  eye.  Hlood  ex- 
travasated  into  tho  anterior  chamter  goneruHy  sinks  to  the  bottom  of 
it  soon  after  the  occurrence  of  the  injury,  so  iliat,  like  a  hyjiupyon,  it 
fills  up  the  lowermost  part  of  the  chamber  and  ij!  bounded  above  by  a 
horizontal  line  {hyphama*).  Blood  iu  the  vitreous  often  makes  itself 
evident  by  a  reddish  reflex  from  the  pupt!  {hcernophthalmtt»  \), 

Perforating  wounds  of  the  sclera  ui"e  distinguished  into  clean-cut 
and  lacerated  wounds.  The  fonnor  are  produced  by  the  penetration  of 
sharp-pointed  or  sharp-edged  foreign  bodies ;  moreover,  incised  and 
punctured  wounds,  produced  by  accident,  and  also  Operation  wounds, 
belong  here.  Lacerated  wounds  are  most  frequently  the  consequence 
of  a  rupture  of  the  sclera.  This  is  produced  by  the  action  of  a  blunt 
instrument  upon  the  eye  (contusion) — e.  g.,  by  a  blow  with  the  fist  or 
with  a  cane,  by  the  impact  of  large  flying  fragments  of  wot>d  or  metal, 
by  a  thrust  from  a  cow's  horn  (not  iiifretpjent  among  fanners),  by 
striking  the  eye  against  a  projecting  corner,  etc.  The  rupture  of  the 
sclera  is  always  curved,  and  lies  near  the  corneal  margin  and  concentric 
with  it.  Most  ruptures  are  observed  along  the  u])i)cr  nuirgin  of  the 
cornea.  As  a  rule,  the  process  does  not  stop  at  laceration  of  the  sclera, 
but  the  subjacent  uvea  also  ruptures,  and  a  j>arfc  of  the  contents  of  the 
eye,  most  generally  tho  lens,  is  expelled.  The  vitreous  is  seen  hanging 
out  of  the  wound;  the  iris,  at  u  pf)int  corresponding  to  tlie  site  of  the 
injury,  is  usually  folded  backward  upon  itself,  so  that  at  this  point  it 
appears  to  be  wanting,  and  the  eye  often  looks  as  if  the  portion  of  the 
iris  iu  question  had  been  removed  by  iridectomy  (see  g  74),  Frequently 
tho  conjunctiva  over  the  lacerated  sclera,  thanks  to  its  great  extensi- 
bility, remains  uninjured.  In  this  case  the  extruded  lens  is  some- 
times found  lying  btMioath  the  conjunctiva. 

The  main  thing  of  imjiortance  in  determining  tho  subsequent 
course  of  the  injury  is  whether  a  foreign  body  has  remained  in  the  eye 
or  not,  since  caaes  of  the  first  sort  run  a  much  more  serious  course  than 
those  of  the  second.  With  the  latter,  the  only  thing  to  be  considered 
is  the  mere  healing  of  the  wound  ;  and  the  fate  of  the  eye  tiepends  os- 
sentially  upon  whether  healing  takes  place  with  or  without  inflamma- 
tion. 

(rt)  Healing  loithont  inflnvimation  is  to  \w  expected  only  in  the  case 
of  clean,  non-infected  wounds.  The  most  favorable  conditions  are  pre- 
sented by  clean  incised  or  puneturett  wounds,  such  as,  for  instance,  are 

ie  by  operations,  where  at  the  same  time  care  Ls  taken  that  no  foreign 


*  From  M,  bicneath,  and  oT^uo,  blood.         f  From  oTjuo,  blood,  «hd  i^tfaX^iic,  eye. 
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like  inn»  or  rttreoai,  ta  iDtzodoced  into  tbe  woond.  Bat  «ren 
I  latter  ihoald  be  tbe  CMe,  healing  vitboat  inflammation  \&  still 
altfaon^  the  «dget  of  the  vonnd  csn  not  unit«  viih  «acb 
other  directlj,  becuae  tber  are  not  in  coducx.  The  tMBoe  eeBsisting 
of  Bvea  orviticoa*  introdiiced  betreen  them  is  gradoaUj  oenverteU 
tat*  fiftrifial  tMiae^  aad  thiu  takes  part  in  tbe  dednhive  donue  of 

the  vonnd.    It  theo,  to  be 
sare,  alwajs   remaios    at* 
^  ^        tached   to  tbe  cii-alrix,  a 
tiling  which  btter  on 
y         entails  evil  conaeqi 
X  In  this  way — L  e^  bv  tbe  in- 

tefpottkion  of  a  cicatricial 
tiaaoe  taking  fdaoe  bet  ween 
the  edges  of  the  wound 
witboat  inflammation  — 
eren  lacerated  «onnds, 
sncfa  ae  dereiop,  for 
pie,  after  rapture  of 
aclenif  mar,  if  the 
runs  a  fortunate  com 
beal,  80  that  tbe  ere 
mains  serriceable  for 
ion.  We  often  ob$er 
that  the  scleral  wonnds, 
which  lie  near  the  come 
margin  and  in  which  the' 
iris  or  leQ»-cap$ale  has  be- 
come lodged,  close  imper- 
fectly, owing  to  the  fjict 
that^  while  the  conjanctiva 
does  unite  over  the  scleral 
wound,  the  latter  remains 
open  to  a  certain  extent 
because  the  interpose«!  tis- 
anes prevent  it«  lips  from 
coming  into  direct  contact. 
Thmngh  the  gap  aqucoos 
hamor  constantly  exudes  beneath  the  conjunctiva,  which  either  be- 
comes oedematous  in  the  region  of  tlie  cicatrix  or  iä  bulgwl  out  in 
the  form  of  a  circumscribed  vesicle  resembling  a  cyst.  Following  Von 
Graefe,  we  designate  this  condition  as  cj/fttoid  ncatrtrnthn  (see  page 
115).  It  is  chiefly  observed  after  operations  (cataract  extraction  und 
iridectomy). 

(b)  The  healing  of  scleral  wounds  is  often  accom}>nnied  by  violent 


f»a.  a.— larLraxn  or  ras  bos  vitb  Cmocn  Ctz^rmt- 

mtnaSI   APTCS    THK    EXTBACTK»    OT  A  SCXILK  CaTA- 

»«I. 

Tte  Mi.  J:  extends  bva  to  «ftcta  fai  t]w  dBwr  ba4r.  r. 
lolkr  iamar  mptttmv  al  (far  voaBd.flD  ttet  here  the 
■atcrter  ckMMer  ii  amtrvcced  iMo  ■  ■arrow  riii. 
Tlte  Itm  «Mi«  tke  tract  of  thm  wenai  Ii  (bUed  «piMi 
baetf.  tbe  poiat  ct  WtMkm  «xnrt^iwiBug  *o  tbe  «x- 
lota- onruoe  of  Ite  adefm.  Thm  poflBarf  patiicm, 
P.  et  the  irim,  «xtenda  tram  tbe  «fee  of  tte  ecNWiric- 
Uoo  taio  aw  ■iiwrtiw  ctembrr,  vbcR  ft  lies  ftw. 
Oataaattrior  aarCacenHijr  beaM«  the  emaaop  oC 
a  cnrpt^  aear  to  po^betiot  HiifSaoe  th^  i'li—  aw^iiwi 
vt  the  «iMBCIer  papOkB.  Berfilea  tbe  Iris,  tbe  caiv 
aofc,  k.  at  tbv  Imh.  ■  alao  draw»  op  to  Ibe  cieanic. 
aadhasbwnniraJinjiia«  toft.  Hw aMtioa  bjr  whicb 
Ibe  extractkio  «aa  aiade  eat*  in  two  tbe  Uoe  of  juikt- 
lioBbfiwecatbeirieia.S.aiidtbeco»aea>  K.*Qlb«t 
kgr  to  aatffior  batf  a  Km  in  Ibe  «elM*.  b|>  M«  portWior 
balf  la  tbe  oomea.  Ob  aeooaai  of  tbe  latcrnaKintt 
«f  Ibe  fai*b  tbe  lipa  of  tbe  wtiund  faave  not  uafccd  :  ia 
tact.  Ihr  tract  of  tbe  «xmnd  exieads  nailer  tbe  f onn 
of  a  cavitr.  h,  enro  iato  the  tianie  of  tbe  cDa)uDrtiTa 
of  tbe  Umboa.  L,  to  Ibat  tbe  wdoikI  ia  doaed  ooljr  bjr 
avcrr  Ibia  lajr«r  of  tlMUK 
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inßam motion  of  the  interior  tunics.  In  most  c.-isps  this  owes  its  devel- 
opment to  infiKitiuu  of  the  interior  of  ihi>  fVe.  Infection  takes  place 
either  hy  raeiins  of  the  very  hotly  which  causes  the  injnry,  it  heing  cov- 
ered with  dirt  and  thus  conveying  inieetiouH  gerni8,  or  secondarily 
from  the  fact  that  the  opening  in  the  envelope  of  the  eyehall  forms  a 
|Mjint  of  entrance  for  germ«,  especially  from  the  conjunctival  sac.  The 
interior  of  the  eye  is  unconunonly  susccptihle  of  infection,  eince  it 
affords  a  gootl  medium  for  tlie  cultivation  of  different  kinds  of  Schizo- 
myrrtes.  The  inllunimatory  process  maiidy  affects  the  uvea.  In  the 
acutest  cases  there  is  a  purulent  inllamniaiion  of  the  latter,  which  leads 
to  suppuration  of  the  whole  eye  {panophthalniitiis).  In  the  less  violent 
cases  there  is  a  plastic  irido-cyclitis — L  e.,  the  inflammation  of  the  iris 
and  ciliary  body  produces  an  exudate  which  subsequently  becomes  organ- 
ized into  a  false  membrane.  In  this  case,  too,  tlie  eye  is  generally  lost, 
although  it  is  not  destroyed  in  such  a  violent  fasliiuu  as  in  panophthal- 
mitis, but  by  a  process  of  protracted  inflamnuition.  The  exudates 
which  undergo  organization  shrink  und  thus  gnuluiilly  diminish  the 
size  of  tlie  eyeball  (atrophy  of  the  eyeball).  This  outcomo  of  an  injury 
id  even  more  dangerous  for  the  patient  than  panophthalmitis,  since  in 
the  former  case  sympathetic  inflatnrnation  of  the  other  eye  very  fre- 
quently sets*  in,  which  is  not  the  cjisc  in  jvanophthalmitis. 

65.  Foreig;ii  Bodies  in  the  Eye. — The  presence  of  a  foreign  Iwxiy  in 
the  interior  of  the  eye  converts  every  injury,  be  it  ever  so  insignificant 
otherwise,  into  a  serious  lesion,  which,  in  moat  cases,  entails  the  ile- 
struction  of  the  eye.  Hence  in  every  injury  attended  with  perforation 
we  must  at  once  propouiul  the  query  whether  or  not  there  is  a  foreign 
body  left  in  the  eye.  In  most  cases  ihe  history  of  the  case  itself  sup- 
plies })oint8  imjMjrtant  for  the  determination  of  this  fact.  If,  for  itj- 
stance,  a  person  has  run  a  pair  of  scissors  into  his  eye,  we  would  natu- 
rally suppose  that  there  was  no  foreign  body  there;  conversely,  in  the 
case  of  a  man  who  has  had  a  perfoniting  injury  of  the  eye  produced  by 
the  explosion  of  a  percus.sion-cap,  or  while  he  was  hammering  iron, 
the  presence  of  a  foreign  bmly  in  the  eye  is  extremely  probahle.  The 
character  of  the  foreign  bodies  in  question  varies  exceedingly.  Most 
commonly  we  have  to  do  with  fine  splinters,  the  points  and  sharp  edges 
of  which  enable  them  tn  penetrate  the  sclera.  In  this  category  In-long 
chielly  sj)linters  of  metal,  splinters  of  gliuis,  and  fragments  of  stone — 
less  commoidy  bits  of  woo<l,  etc.  The  foreign  body  nniy  be  situated  iti 
any  part  of  the  eye  ;  iudee<l,  if  it  has  sufficient  projectile  force,  it  may 
even,  after  traversing  the  entire  eyeball,  perforate  the  sclera  a  second 
time  on  the  opposite  si<le,  and  jxMietrate  into  the  tissues  of  the  orbit. 
The  precise  determination  of  the  place  in  which  a  foreign  l>o<ly  is 
located  within  the  eye  is  genendly  attended  with  great  difficulties. 
As  a  ride,  it  is  only  during  the  titne  immediately  succeeding  the  injury 
that  it  is  possible  to  see  the  foreign  body  directly,  although  even  then 
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lii«p(U)tion  of  tlio  irik'rior  of  the  eye  is  often  rendered  impossible  by 
111«  )tn*t<fmi'  «if  hii'iiinrrluijjna.  Subsequently,  the  difficulty  of  this  in- 
HjMH'ti«»)!  i«  hIiII  furtluT  liciglilKiii'd  by  the  cloudiness  which  soon  de- 
v«i|o)»M  in  lin^  uit'diu  und  hy  the  exudates  which  envelop  the  foreign 
hody  iuul  r(ui(h«r  it  lndiHtinguislmblo.  One  ia  often  driven  to  conject- 
ure* with  ri'jjiird  lo  llio  luoution  of  the  foreign  bod}' — conjectures  basod 
U|uiii  dm  dir«H'tioii  [tursufd  by  the  bwly  in  its  flight,  the  situation  of 
lint  ii|ii'rturo  by  wliit-h  it  entered,  ihe  sensitiveness  of  certain  portions 
of  (bi<  oye  to  toueh,  iho  jm^siMico  of  a  circumscribed  obscuration  (sco- 
lom«)  in  lln«  lUdd  of  vision,  etc. 

Tlio  iiiM.'H'iftf^'iitrs  i'Mtuih»d  by  the  presence  of  a  foreign  body  in  its 
intt^rior  itlrntMt  lUwiiys  induce  tlie  descructiou  of  the  eye.  It  is  oulj  in 
nrv  in«tMnc(«)i  thut  n  foreign  body  is  tolerated  for  any  length  of  time  in 
the  ev«<  withiuii  wttinjj  up  inflümmiitioü»  the  body  itself  either  remain- 
inn  fnH>  or  lHv«Mning  cncai>8uIatod  in  an  organized  exudate.  But  even 
mich  oyi^  a«  thcjio  uro  by  no  moans  secure  from  a  sudden  outbreak 
of  intlantmation— occurring  sometimes  yea«  afterward — which  oaumb 
ilMir  dviiraotion.  In  the  gn-at  majority  of  caaes  the  inflammation 
Hollow«  olot»  upon  the  htvls  of  the  injury.  Sach  an  inflammatioa  is 
•itht^r  a  imnophthalniitis  or  a  plastic  irido-cjclitis,  jast  as  in  the  caae 
«f  «iMIiü  poHvtmtinf  ii^uries ;  but  when  a  foreign  body  remmins  in 
ikw  «^  it  M  cil  moeb  mora  froquent — indeed,  of  almost  constant — 
\xvurt^NM«k  «Ml»  btaidtt>  iaiiiMt  mmIi  otlonr  syapatbelac  duene  of 
t)MoUMe«irak 

TIm  fp^fmmi»  of  p«cf<ir<kti«f  «wiwb  «f  the  «yebaU  is  dedndble 
hMH  IIm  «qpiMitkiMi  fix«»  «Amm«.  la  vnty  caae  it  is  gma,  for  e««n 
IIm  «MaalMl  pnA  «Md«  witk  a  ta«  aeedle  annr  iadaoe  M|fiiiniii>n  of 
III»  ^ytWidV.  if  tW  atcd)«  «as  eoatamiaatvd  witk  aeptie  aabsteaeea.  Am 
^la  ^  »0»  Hw  <iw  mm  pttt%  taw*ir  <linim  tkm  hoij  taatiaj,  tho  nqmrj 
«•a  aM|«k  tr  ««Ik  a»4  «a  te  OMflafaMM»  «C  a«  ialBcaM  of  tke 
«I«  M4  «rt  te  aatfl  savvcal  diQ»  haa»  «bfaai,  «a  smbI  b» 
ia  «mAmt  dM  BimMMi  ^an^  ika  Ant  tim  ^mm  iflv  tfe  BBianr.  In 
fimftl,  ^  aaiaw  at  tiK  aawa4. and  Ika  JMteaa  »  ika  fnaeaee  cf  a 
ItMaifa  Wd^ia  ^  ^9^«ar»  ta  4Mnniaal|Hi«maaak.  Vsthia- 
fMd  l»ll»fcwatt.a 

lattwt  <d  ilN»waaa4>a*d  ti»  «a»diiH«  at  ibad^es 
Ml  ll*  lMir«MMi«t  «ka  «9«  lata» 
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first  try  to  determine  whether  a  foreign  body  is  probably  present  in  the 
eye  or  not. 

(«)  Suppose  that  there  is  no  foreign  body  in  tho  eye.  Then  the 
next  inquiry  that  wo  make  is  whether  or  not  there  is  any  prosjwct  of 
preserving  a  serviceable  eye.  In  the  first  case  we  put  the  patient  im- 
mediately in  bed,  cleanse  the  wound  from  any  dirt  that  may  adhere  to 
it,  and  disinfect  it  by  irrigating  with  an  antiseptic  solution.  If  the 
iris  has  prolapsed  into  the  wound,  which  can  be  the  case  only  in 
wounds  situated  in  the  cornea  or  in  the  most  anterior  portions  of  the 
sclera,  it  must  bo  carefully  excised.  But  if  the  ciliary  body  ar  chorioid 
projects  into  the  wound,  they  should  not  be  removed,  because,  if  they 
were,  the  vitreous  would  prolapse.  Small  wounds  soon  close  of  them- 
selves by  cicatrization  ;  largo,  gaping  wounds  should  be  united  by 
sutures  passed  either  through  the  edges  uf  the  sclera  itself  or  througli 
the  conjunctiva  overlying  it. 

In  those  cases  in  which,  on  account  of  the  excessive  extent  of  the 
injury,  there  is  no  prospect  of  retaining  tho  eyeball  in  a  serviceable 
condition,  we  recommend  to  the  patient  the  immediate  performance  of 
enucleation.  By  this  means  he  will  be  saved  from  a  protracted  illness 
as  well  a&  from  sympathetic  involvement  of  the  other  eye. 

In  many  cases  it  is  impossible,  even  for  one  who  lias  had  great  ex- 
perience, to  determine  beforehand  whether  an  eye  is  going  to  be  pre- 
served or  not.  It  is  then  best  to  wait  for  some  weeks,  proceeding, 
however,  to  enucleation  as  soon  as  the  course  takes  an  unfavorable  ttirn. 
In  tho  latter  case  enucleation  must  not  be  put  off  too  long,  as  other- 
wise we  nfllght  be  caught  unawares  by  an  outbreak  of  sympathetic  in- 
tlammation  in  the  other  eye. 

{{/)  If  there  is  a  foreign  body  in  the  eye,  tho  latter  is  pretty  surely 
lost  unless  the  foreign  body  can  Ik?  removed.  Every  endeavor  must  be 
made  to  accomplish  this.  For  tbii^  liUjert  it  is  indispensably  requisite 
to  know,  at  least  approximately,  the  situation  of  the  foreign  body.  If 
llie  wound  is  still  gaping  and  is  large  enough,  we  can  pass  a  well-dis- 
infected instrument  in  through  it,  and  endeavor  to  grasp  the  foreign 
body.  If  the  wound  is  not  adapted  for  this  procetlure,  either  because 
it  has  already  closed  up  or  because  it  presents  unfavorable  conditions 
on  account  of  its  size  or  position,  it  is  better  to  make  a  new  wound, 
located  in  the  cornea  or  the  sclera,  according  to  the  situation  of  the 
foreign  body.  In  jilacing  it  in  the  sclera,  the  region  of  the  ciliary  body 
must  be  avoided ;  the  section  must  lie  behind  the  latter,  and  is  best 
made  in  a  meridional  direction  (proceeding  from  before  backward), 
since  such  wounds  gape  the  K^ast.  Through  the  wound  the  instni- 
tnentä  are  introduced  in  search  of  the  foreign  body  ;  but  the  operation 
of  grasping  and  extracting  it  Is  often  attended  with  groat  difficulty, 
and  very  frequently  miscarries.  Fragments  of  iron  give  tho  best  pros- 
pect for  removal,  since  an  electro-magnet,  the  jraint  of  which  is  intro- 
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AwmA  llir<Mi((li  tli«  v^hickJ  into  the  iotarior  of  the  eye,  maj  be  «n|>lo;ted 
f</f  lliiilr  «NtfiK  ttoii. 

If  f  It»*«!  U  iMi  prodju'f't  of  oar  being  able  to  remore  the  foreign  bodj, 
ifn  rfiiiy,  It«  M  rriHit«r  of  i>ijN'rirn(?nt,  wiiit.  uwhile  to  sec  if  possibly  it  will 
bM  ((i|«m(c<i  by  Ww  «7»  without  uxt^itiiig  iuflamtnution.  This  üb  eep»- 
•iImIIv  M|it  bi  bi*  (bit  uitM5  whori  u  fnroij^n  body  iü  imbedded  iu  the  Jena; 
iJiti  litMnc  laii'oriiioi  I'biiJily,  Miul  hiibm'i|ia>titly,  when  all  the  indaintnatory 
•yiii|iliiMiii  hiiVM  |taNiii>tt  (ilT,  cait  Ito  r<>m<Mu(|  ab)M^  witli  the  foreign  bodv 
luiiHiiliii'il  III  It  by  II  iMitiimi'L  uiii^nitioii.  As  soou  us  ]ilttstic  irido- 
0)fi>llllH  him  Mi«l  iu,  \\,  in  iitlvitiiUlp  not  to  imikü  any  more  attempts  at  re- 
ttiuvliiK  till»  fiii'i>li(ii  body  ;  uUitoluLrly  the  iiuly  iuiiicatiou  in  this  case  is 
wiiili>b>iitUill. 

hi,|iiil<<«  itf  III!'  I'V«'  «ri«  ^Try  fn><|upntly  followed  by  rjirtim/mtimt  (tfhtood 
\%\\\\  lilt'  litliiiliir  iif  llii<  iirtfuii  hito  llu'  luiterior  c-hHtnlKT  and  thi-  space  occujued 
by  (hi*  vllii>)Miti  rttiolt  i>\lnkVikii<ition*  iin>  nbo  nl>:ic>rved  apart  from  itijiiry.  as 
Ml«>  M>«t«b  «if  hirtnikiiurtllKii  or  iivcit  uilhout  ntiy  kuuwn  cause.  In  tlte  HOtcrior 
vKiiluln<r,  blimil  «biW*  lo  lh«<  Imttoin  Hiid  U  rwibsorbrd.  In  otherwise  faealt by 
I'Wy  mhhU  >pii«««lllt«v«  iif  bbuHl  tiMV  often  disap|)mr  completely  within  twenty- 
ftkik«  ItitMi«  l^ui  piAHViw  of  nvMirptUvii  Um«  loup.T  wh«n  there  U  much  blood 
hv  I''  'tullv  when  the  eve  ts  dücttsed  in  other  ways 

IU  w  uiol)uuor|kho>Mai  «re  t»ol  ooniHd.     The  longer 

»n  (he  MMrri^r  ohiunber,  iIm  dark«r  does  its  color  becone. 
>  ti  *  buMMiKTbivtrv  ittU«  the  Mitetior  ch— ibcr  hM  bcm  repeated 
«Nt  ««M*  lime«  we  «re  •  H,v|iImmm  «MAis  eaa|Macd  of  two  «tnu 
'  «hfe  Wv«w  «Iftrk  •inktwBft  MCfminaAi  «o  A»  tm  Iwiiiilioj^i. 
«w>  WKwif»  t«  ilie  wwww%  «ttMMBMlid  Mood.  Tety  old 
' ^to-aw  \sl  mwdl  w wiltiK  oc^wlw  •  iiTowm  er  Jhlj  gi—  cekr.  tfthe 
vMiliM  «  Vnif  Itee  ki  IW  MiHeioi  ckMohae.  It  »^     iipiriiHy  if  tbcf« 

u««^^     t<*  «Mk  ^M  %t»  «iw4  f^NM*  «(  «fMMiMi^  aoA  1 

vv«  «mA(v  «oJI  «dl«*<faM%  eHHW  Ito  nmmimtm  kf  ■■■■•  of  * 
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Perforating  injuries  of  Ihe  cornea  are  in  jifncral  lt*88  dangerous  than  those 
of  the  sclera.  It  upjiears  a«  if  they  were  It'ss  rt-adily  infected,  perhaps  bemuse 
the  outflowing  aqueous  humor  wiiHhea  away  again  the  gunns  ttiut  have  lK«n 
introduced  into  the  wound.  For  this  retuson  corneal  abscesses  arc  observed 
mainly  in  coniiequence  of  8U])erflcial  injuries  of  the  corneA  and  not  after  deep 
IH?rforating  wounds.  The  greater  danger  of  perforating  wound»  of  the  seien- 
may  also  be  l»aaed  upon  the  fact  that  liy  means  of  »uch  wound«  the  cilfary  InKly 
and  the  chorioid,  whith  are  very  prone  to  become  inflamed,  arc  laid  bare. 
P'inally,  the  prolupMC  of  tlie  vitreous  is  also  a  factor  very  favorable  to  the  pro- 
duction of  infection,  since  this  may  Iw  considered  a»  repressenting  a  sort  of 
natunil  cultivation-gelatin,  in  which  niicro-organiAms  thrive  most  hixuriantlT. 

liu/iturca  of  the  nrlern  arc  such  s*evire  injuries,  becnune  a  forre  that  is  strong 
enough  t«)  cause  the  eyeball  to  brtrak  open  will  produce  other  le^^ion«  in  the 
interior  of  the  eye,  such  as  laceration  of  the  irin,  luxation  of  the  lens,  extensive 
ha-morrhagcM,  etc.  The  iris  may  even  be  torn  entirely  from  itn  insertion,  and 
along  with  the  lens  be  projected  from  the  eye.  In  regjird  to  the  method  of  de- 
velopment of  ruptures  of  the  sclera,  different  hypotheses  have  been  ]iroposed  to 
account  for  them  mechanically.  We  shall  adduce  here  only  the  explanation 
given  by  Arlt.  If  a  bluut  instrument  strikes  the  eyeball,  the  latter,  iih  its  con- 
tents are  incompressible,  will  be  fliittencd  out.  In  so  doing  it  will  become 
widened  in  a  direction  perjiendicular  to  the  axi»  of  the  thruüting  force.  If,  for 
example,  the  force  a  (Fig.  42)  acts  in  ii  direction  periiendicular  to  the  cornea, 
and  has  it»  point  of  application  in  the  center,  <*,  of  the  cornea,  the  eyeball  would 
be  shortened  from  before  backward,  und  Iieuce  wrntld  acquire  a  projjortionately 
greater  equatorial  circumference  (eo^re*^M>nding  to  the  axis,  iftj).  The  nclera 
would  therefore  be  «trctched  most  at  the  equator,  and  would  be  likely  to 
rupture  there  (e.  g. ,  at  r).  But  in  most  cases  the  point  of  np|>lication  of  the 
force  docs  not  lie  in  the  center  of  the  cornea,  but  in  the  sclera  below,  and  to 
the  outer  side  of  the  cornea;  for,  in  tl»e  first  place,  the  margin  of  the  orbit 
recetles  most  at  this  spot,  and  the  eyeball  is  hence  les.«)  jiroteoted  here  than  in 
other  directions,  where  it  i.'^  covered  by  the  proj«-eting  margin  of  the  orbit  or  by 
the  no»e.  In  the  s<'cond  place,  the  eye,  the  moment  danger  f  hreaten.s  it,  always 
rolU  upward,  so  that  the  cornea  (<•,  Fig.  43)  looks  upward  and  conceals  itself 
beneath  the  upper  lid.  In  thi.s  case  aluo,  then,  a  force  acting  from  straight  in 
front  strikes  the  eyeball  below  the  cornea  and  in  the  region  of  the  .sclera.  The 
direction  of  the  force  in  these  ca^ie-s  corresponds  to  an  axis  (a  «,,  Fig.  43)  which 
{lUflcs  into  the  eyelwill  from  below  upward  and  fn>m  without  inward;  and  in 
the  din-etion  of  this  axis  the  eyeball  is  flattened.  The  greatest  expansion  of 
the  solera,  then,  takes  place  in  the  e«|uator,  bh,,  which  corresponds  to  thin  axis 
and  which  in  it«  u^hkt  hiilf  skirts  the  upper  margin  of  the  cornea,  at  which 
»pot,  therefore,  the  rupturt^  of  the  sclera  occurs  (at  r).  In  this  way  is  explained 
the  fact  that  niptures  of  the  aeleni  almost  always  run  close  to  the  ujjfier  margin 
of  the  cornea  and  concentric  with  it. 

Lncenitions  of  the  sclera,  which  are  incomplete  in  the  sense  that  only  the 
inner  layers  of  fibers  are  ruptured,  have  also  l)een  observed;  they  result  in  a 
protrusion  of  the  sclera  at  the  site  of  the  injury  (Arlt,  Schäfer).  Itupturt  of 
the  cvrntti  i«  very  rare:  among  other»,  I  have  seen  the  following  example:  A 
boy,  fifteen  years  old,  during  work,  brought  his  hand  up  in  such  a  way  as  to 
give  his  right  eye  n  violent  blow  with  the  knuckle  of  one  finger.  I  found  a 
rip  in  the  cornea,  beginning  at  its  upjxT  and  inner  margin  and  thence  extend- 


Flo.  *ä.— OoHTusiosf  or  thk  Etkbali.  riioic  n»  racwr. 
Tbe  form  acU  In  the  directiou  a  n,  upun  th«  oeoter  of  tlii>  txirnca.  c.  By  U  tfap  ey^ball  !■ 
preMed  Ofi'iBSt  the  flrm  baclwTounil,  t'  f,,  tttid  atxiuin»»  Uit«  natteniHl  form  def^irnAted  by 
UiedottMi  utitne.  The  great««  t*x[miiKi<>n  «Y  tlit«  «-j-etMiJI  otvur«  ju  the  direction  h  J.,,«o 
tlwt  the  acJem  nipturcs  «t  r.  Tbe  torvinE  hai'k  of  the  tri»  l>y  the  :re<<«8««lon  of  thf  aqiiraut 
humor  ia  n*pn>woteil  im  oocurrinfc  lu  Kiu-.h  o.  way  tliat  at  kU  lower  mIü«,  m.  th«  iris  fomw  a 
■»e-Uke  priitniBtou  dlrt^oted  baokvard.  wUiy  nt  ttnufiper  side,  o,  (feig  beut  straight  back. 

Fla.  43.    (.V'NTUstoN  of  thk  Etebali.  trou  »kujw,     ScmMATlo. 
The  force  which  u«:La  hi  th»  «llreeCiciu  <i  u,  ktrikes  thu  eyebAll  twoeaih  thp  coruea  and  pW'^ga  It 
ftt^loHt  thi'  IvackBroiiriil,  ('  f',,  so  that  it  aHHuine»  Ihc  (lattciifd  furrn  irdIcAlwl  by  tne  diMlenl 
line.    Tlie  vyL'lmll  «ufftT»  the  gn.-at«sit«xi)au!ilou  in  tbc  dir».^lo[i  {'C>,,«o  lliat  the  aclera 
ruptures  at  r. 

above  the  level  nf  the  aurnmnding  rornen.    The  iris  was  wedged  into  the  wound 
aod  the  impil  cans«qut>ntl_v  drawn  towiird  this  side. 

lü  nijtture  of  the  sclera  there  is  found  either  a  considerable  recession  of  the 
iris  aa  a  wimk-  or  the  iris  i.s  bent  liackwitrd  Ht  the  sfH>t  corresponding  to  the 
nipturc  (FiK.  42,  o):  in  rare  cases,  a  ]nece  f>f  iris  is  torn  completely  away  ftrau- 
miitic  colobonia  of  the  iris).  With  re^rd  to  the  beiiditijr  back  of  the  iris,  see 
J  74.  Tlie  recession  of  the  iris  and  the  deepening  of  the  anterior  chamber  at- 
tendant upon  it  may  occur  in  all  cases  in  which  vitreous  ha^  ewnped  throujjh  the 
wound  in  the  sclera,  and  the  totnl  volume  of  vitreous  has  therefore  been  dimin- 
ished. In  r\iptures  of  the  flclera,  the  lens,  together  with  a  part  of  the  vitreous, 
is  often  expelled  from  the  eye,  so  that  such  an  eye  is  destitulc  of  a  lens — aphakic 
In  rare  ciwcs  of  this  sort,  the  eye,  after  the  healiiijf  of  the  scleral  wound,  may 
regain  serviceable  sight,  if,  like  cycj*  that  have  l>een  operated  upon  for  cataract, 
it  is  provided  with  a  strong  convex  glass.  A  furiner  once  presented  himself  at 
my  clinic  who  had  been  gored  first  in  one  eye  and  then,  some  yeiirs  afterward, 
in  the  other  also,  by  a  cow's  horn.  In  both  eyes  there  waa  a  healed-up  rupture 
of  the  sclera  to  the  inner  side,  with  an  apparent  regular  colohuma  of  the  iris 
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(in  reality,  the  iris  at  the  sit«  of  rupture  wa«  bent  backward  and  lience  was  in- 
visible). Both  leni^ea  were  ab«icnt,  but  the  fundus  v/aa  healthy  nod  with  cata- 
ract-glasses the  «ight  was  very  good.  This  man,  therefore,  may  be  said  to  hare 
had  a  double  extniction  performed  by  the  cow,  and  that,  too,  with  more  succefls 
than  many  oiwrators  are  accustomed  to  have  with  their  operatioiM. 

The  unfavorable  prognosi«  which  [>erforating  wound.s  of  the  eclera  generally 
offer  hold.-«  good,  at  least  in  part,  even  for  those  cases  in  which,  to  begin  with, 
there  i»  a  smooth  healing  of  the  wound.  Such  eyes  whicli  often  recover  from 
the  injury  with  the  restoration  of  good  sight,  nevertheless  not  rarely  become 
blind  afterward  because  of  secondary  changes,  which  are  the  consequences  of 
the  cicatrix  in  the  »cleni.  Among  these  consequences  is  the  traction  which  the 
part  of  the  uvea  that  is  atached  to  the  cicatrix  undergoes,  and  by  which  perma- 
nent symptoms  of  irritation,  re{)eated  attacks  of  inännimution,  and  even  symita- 
thetic  irido-cyclitis  of  the  other  eye,  may  be  set  up.  In  scleral  wounds  which  lie 
farther  back,  in  the  region  of  the  retina,  the  latter  may  become  attached  to  the 
cicatrix.  By  subsequent  contraction  of  the  cicatrioial  tissue  the  retina  is  drawn 
more  and  more  into  the  cicutri.\,  and  thus  is  loosened  from  its  bed ;  the  eye 
grows  blind  from  dctacliment  of  the  retina  (Ton  Graefe).  In  this  way,  too, 
many  eyes  are  destroyed  which  have  been  operated  upon  with  apparently  brill- 
iant success  by  section  of  the  sclera,  as  for  the  extraction  of  a  foreign  body  or 
<if  a  Cysticercus.  A  further  danger  accnies  to  the  eyes  from  the  fact  that  the 
scleral  cicatrices  later  on  readily  become  ectatic,  and  lead  to  the  formation  of 
aclvml  staphylomsita  and  also  to  incrcjise  of  tension. 

The  prognosis  must  be  atatcd  as  almost  absolutely  unfavorable  when  a 
/oniffn  body  has  been  left  in  the  eye.  A  series  of  cases,  tfl  l>e  sure,  is  known 
in  which  a  foreign  body  has  been  carried  about  in  the  eye  for  years  without 
causing  injury.  But,  in  comparison  with  the  excessive  frequency  of  such  injuries, 
the  number  of  these  cases  is  inlinitesimally  small;  and  even  in  these  cases  the 
nfety  of  the  eye  is  by  do  means  to  be  considered  as  permanently  assured.  As 
an  example,  the  following  case  that  I  observed  may  be  adduced:  A  young  lady 
of  twenty-five  yean  of  ago  was  injured  by  the  |)crcu8sion-cap  of  a  child's  gun 
exploding  near  her  eye.  A  piece  of  the  copjicr  case  of  the  cap  penetrated  into 
the  left  eye  through  the  cornea;  it  could  bo  seen  lying  upon  the  lowermost 
|HUtof  the  iris.  The  immediate  consequence  of  the  injury  was  an  iritis,  which, 
however,  after  some  weeks  got  well,  leaving  several  synpchjrK.  From  that  time 
on  the  eye  remained  free  from  inflammation  and  had  good  visual  |)ower.  The 
piece  of  metal,  wiiich  had  a  length  of  about  one  millimetre,  could  always  be 
eecn  lying  upon  the  iris,  only  it  gradually  assumed  a  black  color.  It  was  not 
until  ten  years  after  the  injury  that  the  sight  began  to  dimiiii.sli,  and  the  patient 
was  tormented  by  pbotopsia;  she  also  complained  that  fixed  objects  seemed  to 
move  and  looked  bent,  so  that  straight  lines,  for  example,  apiH'arcd  wavy  to  her. 
The  eye  was  still  free  from  inflammation,  but.  after  being  examim-d  for  quite  • 
long  time,  showed  a  slight  ciliary  injection.  Examination  with  the  ophthalnio- 
scofte  could  not  di-monstrate  any  changes  except  that  the  fundus  in  it«  lower  half 
wa«  not  as  beautifully  red  as  it  waa  above,  but  was  of  a  light  grayish  color.  It 
waa  hence  taken  for  granted  that  here  waa  a  detachment  of  the  retina  in  its  very 
earliest  stage.  The  traction  thus  produced  upon  the  retina  accounted  for  the 
photopsia,  and  the  undulatory  movement  of  the  retina  accounted  for  the  apparent 
movement  of  objects,  while  the  curved  appearance  of  straight  lines  was  refemblo 
to  the  diilerences  of  level  existing  in  the  detached  retina.  Conjccturally  the 
15 
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retinal  detachment  was  produced  by  an  old  exudate  which  lay  upon  the  ciliary 
body  and  the  most  anterior  portion  of  the  retina,  and  which  by  its  gradiui 
shrinking  drew  the  retina  farther  and  farther  forward.  Since  theo  I  have  not 
had  va  opportunity  of  seeing  the  patient  again,  but  the  sul)6e(iuent  courec  of 
the  CB«e  may  be  predicted  with  gnat  probability.  The  retinal  detachment  will 
have  become  total ;  afterward  an  irido-cyclitis  will  have  probably  developed  out 
of  the  condition  of  ciliary  irritation  of  the  eye,  so  that  after  some  time  the  eje 
would  become  completely  blind,  would  grow  softer,  and  would  be  the  site  of 
frequently  recurring  attack»  of  pain  and  inflammation.  Perhaps,  too,  the  other 
eye  would  be  attacked  by  sympathetic  inflammation. 

Leber  has  determined,  by  a  scries  of  experiments  upon  animals,  th«  reason 
why  the  presence  of  a  foreign  body  in  the  eye  regularly  results  in  a  severe  in- 
flammation. This  inflammation  is  either  excited  by  the  presence  of  roicro-or- 
ganisms  which  make  their  way  into  the  interior  of  the  eye  from  the  conjunctival 
sac,  cither  along  with  the  foreign  body  or  subsequently,  or  it  is  the  conse<(acnce 
of  a  chemical  irritation  of  the  tissues  produced  by  those  foreign  bodies  which 
are  not  chemically  indifferent.  For  example,  purulent  inflammation  could  be 
produced  by  bits  of  copjicr,  and  still  more  by  particles  of  mercury,  which  were 
introduced  ojieptically  into  the  anterior  chamber.  Ilence,  such  inflammation 
does  not  necessarily  presuppose  the  penetration  of  SeAüomyfetft  into  the  eye. 
Observations  upon  man  agree  in  general  witti  the  facts  obtained  by  ex]Teriinent. 
Whether  a  body  which  penetrate»  into  the  eye  is  well  borne  by  it  or  not  de- 
pends upon  the  following  circumstances:  1.  First  of  all,  upon  the  fact  of  its 
bring  aarptie  or  not.  3.  Upon  its  cAemi^  character.  Chemically  indifferent 
bodies  (such  as,  for  instance,  fragments  of  gla.ss),  if  they  get  into  the  eye  asepti- 
eally,  are  the  ones  most  likely  to  remain  there  without  producing  any  further 
ill  effect.  The  contrary  is  true  of  the  foreign  bodies  that  are  of  most  frequent 
occurrence — i.  e.,  fragments  of  metals.  These  almost  always  set  up  a  severe 
inflammation,  which  can  not,  however,  in  most  cases  be  referred  to  their  septic 
cbaxncter.  In  fact,  metallic  fragments  (for  insUnce^  such  as  fly  off  while  the 
metal  is  being  hammered)  are  often  raised  to  a  red-heat  immediately  before 
they  penetrate  into  the  eye,  and  are  thus  disinfected.  They  owe  their  property 
of  exciting  inflammation  to  the  fact  that  they  become  oxidized  in  the  tissue«  of 
the  eye.  and  thus  act  as  chemical  irriunts.  This  is  the  case  with  iron,  and  still 
more  with  copper;  metals  which,  like  lead  and  the  noble  metals,  are  innocent 
in  this  regard,  are  of  comparatively  rare  occurrence  in  the  eye.  8.  The  rolumf 
of  the  foreign  body  is  of  influence,  inasmuch  as  the  larger  the  foreign  bodies 
are,  the  leas  raadily  are  they  tolerated :  for,  while  small  foreign  bodies  .speedily 
become  fixed  in  the  eye,  larger  ones  readily  undergo  changes  of  place  during 
moTcaents  of  the  eye,  especially  if  they  are  of  high  specific  gravity,  as  in  the 
ea«  with  pieoea  of  netaL  By  such  dispUcements  of  the  foreign  body  the  rar- 
rounding  tiasoea  are  mechanically  irriuted.  4.  The  individual  tissues  vary  in 
ro^eei  to  tke&r  Hkrmmte  of  foreign  bodies.  The  uvea,  and  especially  the  iris 
md  difatfy  body,  «zkibit  the  greatest  miction  to  injury  of  any  kind.  The  less, 
oa  the  eootrarr.  poaribty  on  account  of  the  sluggishness  of  its  ti»ae  netaaor- 
phosis,  b  the  part  of  the  eye  in  which  foreign  bodies  are  relativeiy  the  best 
bora*.  If,  for  example,  a  small  fragment  of  iron  baa  beeome  imbediled  in  the 
IcM.  the  latter,  to  be  sum,  becomes  clouded,  but  soppontioo  freqveatly  faib 
to  take  ftlaee.  Is  soch  a  case  sometimes  the  lens  is  afterward  colored  bfown  by 
UM  oxide  wkkh  is  formed,  and  thus  gives  eridenoe  of  the  fore^  body  ocm- 
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cealed  in  it;  in  this  way  amall  fragments  of  iron  may  even  in  time  be  entirely 
dissolved. 

Perforating  injuries  of  the  eye  are  very  frequent  in  the  working-cla««,  and 
furnish  a  large  contingent  of  the  blind.  This  is  particularly  the  case  in  regions 
where  many  industrlef  are  carried  on.  The  following  report  of  Cohu  gives  a 
good  idea  of  the  fretjuency  of  the  injuries  to  which  the  eye»  of  many  workmen  are 
ex{K}8cd:  Among  twelve  hundred  and  eighty-three  w^orker»  in  öietals  employed 
In  six  factories,  each  man  received  on  an  average  from  two  to  three  cye-injurie» 
in  a  year.  Of  course,  the  great  majority  of  thtrse  injuries  were  of  a  slight  char- 
acter; moat,  indeed,  consisted  merely  in  the  penetration  of  small  metallic  jiarti- 
cles  into  the  surface  of  the  cornea,  which  were,  for  the  most  {»art,  removed  at 
the  factory  itself.  About  half  of  the  workmen  were  compelled  to  seek  medical 
aid ;  thirty-six  suflfered  a  partial  imi»airment  of  sight,  and  sixteen  (that  is,  1  2 
per  cent  of  the  whole  number)  each  lost  one  of  their  eyes  altogether.  Is  thtire, 
then,  no  protection  against  these  frightfully  frequent  injuries  of  the  eyes  ?  Cer- 
tainly, and  moreover  a  very  simple  one — namely,  the  wearing  of  protective 
spectacles.  These  are  made  of  glass,  or,  that  they  may  not  be  easily  broken,  of 
mica  or  of  fine  wire  net.  Unfortunately,  the  u.sc  of  these  protective  sp^ctiiclps 
has,  up  to  the  present  time,  always  encountered  great  oppositiun  on  the  jmrt 
of  the  workmen  who  require  them. 

The  attempt  to  remove  the  foreign  body  which  has  jienetrated  into  the  eye 
often  has  great  difficulties  to  cope  with,  and  very  frequently  is  unsuccessful. 
No  fixed  rules  can  be  laid  down  for  the  procedures  to  he  employed  for  this  pur- 
pose, as  almost  every  individual  case  has  its  peculiarities  and  calls  for  an  opera- 
tion devised  specially  for  itself.  For  fnigments  of  iron  the  fUctny-vuignrt  is 
employed.  This  was  first  used  for  thif*  purpose  by  McKeown.  The  form  of 
electro-magnet  most  employed  is  the  following,  dt-visfd  by  Ilirschberg:  About 
a  r()d  of  soft  iron  is  wound  a  spiral  coil  of  copjier  wire,  not  too  thin,  the  two 
end«  of  which  an*  connected  with  a  powerful  galvanic  element.  The  ends  of 
the  iron  rod,  which  project  somewhat  Imond  the  spiral,  are  a  little  bent  and 
end  in  a  blunt  point,  adapted  for  introduction  into  the  interior  of  the  eye. 
For  this  latter  purpose  we  enter  either  through  the  wound  itself,  in  case  this 
is  large  enough  and  is  still  open,  or  we  make  an  incision  in  a  suitable  situation 
in  the  cornea  or  sclera,  according  to  the  location  of  the  foreign  body. 

HI.     ECTAM-B    OF  THE    ScLERA. 


(«)  Partial  Ectasia. 

56.  Partial  ectasia  of  the  sclera  is  represented  by  a  cireiim8cril>ed 
protrusion  under  the  form  of  ii  dark  prominence  or  swelling.  The 
sclera  at  this  spot  is  thinned,  so  as  to  be  readily  dimpled  with  the  point 
of  a  80und ;  in  consequence  of  the  thinning,  the  chorioidal  pigment 
apptvirs  through  it,  and  imparts  to  the  ectasia  a  dark,  slate-gray,  or 
bluish-black  color.  By  means  of  focal  illumination,  light  can  often  bo 
made  to  pass  Ihrongh  the  sclera  at  the  ectatic  spot,  and  the  coating  of 
pigment  on  its  inner  .surface  can  be  seen  through  it.  Aceonling  to 
the  gitufttion  of  the  ectasia,  various  forms  of  it  are  distinguished — 
namely : 


are  dark 


fikemn^M  it  fraptmatf 


«of  tbe      I 


oeenffj  the 
■at,  tlaitfiMn,  he  — i  ia  th»  fniag  tye.    la 

,  th^aro  caBBtMllj  Atiaet  friMi  aaicfior  and 
■fejiphjIoaataoC&eadam.  Tkcreaetvokiadtaf  posterior 
«.  The  rfy^jfh—  ^w/if  iSfanT«.  H»  «— s«*''  in 
and  protraaioo  of  tfca  triam  at  dw  poaltrior  polt  of  tho  eye 
ol  the  opiio-Mn«  oHlzawB.  If  tke  aetan  tabu  on 
tiie  optic  Mn«  k  ab»  iBToIivd  ia  it  (§  14S).  Thia 
of  oeteata,  as  AHt  was  the  first  to  diacorer,  »  the  mart  treqimut 
of  Aort-ji^tndnwM»  beeaan  owiaf  to  the  noewion  ^  the  adei» 
tta  ryphall  aadagow  aa  ok^gauoa  off  itt  mgittal  axis  (axial  aiTopia). 
The  diegnoai  of  a  posterior  staphjkwM  caa  be  aade  in  the  firing  eye 
oalf  by  deanastnuog  the  exialeiioe  of  a  hi^  degne  of  nTopia  and  of 
the  aeoaapaBjiag  elaiages  in  the  ophthahaoenapie  pietai^  <§  78).  ß. 
Pttüriar  mitral  prththentnce  ofAwumm.  TIA  doas  not,  like  paeterior 
^M^J^MB^IiAJ«^  at  the  posterior  pol«,  hot  bcjow  it.  Cdnmzrtothe 
flMB  of  the  other  ectasi»  of  the  sclera,  it  is  not  anqnirvd  bet  congenital, 
being  foraMd  in  ooaseqneooe  of  «n  inooapleie  ekaar»  of  the  fiptal 
Ophthalmie  deft.  It  is  tonnd  MinuhMMmHijr  with  te  fonaatam  of  a 
(odoboma)  in  the  chorioid  and  fivqaeatln  ab(\  aith  oeloboma 
ol  tho  iris  (see  §$  ::  and  SI  V 

Acquired  ectasis»  of  the  »cWm  are  desigaaled  aader  the  name  of 
Btqihjioniata  of  the  sclera,  a«  has  Uä>u  done  in  the  pceoading  lines,  but 
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the  expression  staphyloma  ia  not  applied  to  the  congenital  scleral  pro- 
tuberance of  AmmoQ. 

(Ä)  Total  Ectasia  of  the  Sclera. 

This  consists  in  a  uniform  dilatation  of  the  entire  Bclera,  so  that  the 
eyeball  is  enlarged  in  toto.  The  sclera  is  everywhere  thinned  and  the 
chorioidal  pigment  shows  through  it»  so  that  it  has  a  bluish-white  appear- 
ance. Total  ectasia  can  only  develop  in  youth  when  the  sclera  is  still 
everywheje  yielding;  the  sclera  of  adnlts  is  so  rigid  that  it  can  protrude 
only  at  certain  weaker  spots,  and  hence  it  admits  of  only  partial  cctasiaa. 
Total  ectasia  occurs  most  frequently  at  the  same  time  with  süiphyloma 
of  the  cornea  or  with  anterior  scleral  staphyloma.  Then  by  the  com- 
bination of  the  two  kinds  of  ectasia  a  very  extraordinary  enlargement 
of  the  eyeball  sometimes  develops.  Much  more  rarely  a  second,  pure 
form  of  scleral  ectasia  is  observed,  in  wliieh  the  eye  shows  simply  a 
uniform  enlargement  in  all  its  dimensions — an  enlargement  in  which 
the  cornea  also  participates  (megalocornea).  This  condition  is  charac- 
terized as  hydrophthalmus  or  buphthulmus  {ßoxK,  ox,  un  account  of  the 
resemblant-e  Ui  the  large  eyes  of  oxvii).  Ilydrophthahnus  is  either  con- 
genital or  is  acquired  in  early  childhood,  and  is  probably  analogous  to 
the  glaucoma  of  adult«,  under  which  disease,  therefore,  hydrophthal- 
mus  will  be  treated  of  in  detail  (see  g  84). 

Etiology. — Every  ectasia  of  the  sclera  is  the  result  of  a  dispropor- 
tion between  the  intra-ocular  pressure  and  the  resistance  uf  the  sclera. 
Either  the  tension  of  the  eye  is  pathologically  heightened  or  the  tenac- 
ity of  the  sclera  is  diminished.  'i"he  former  is  much  the  more  fre- 
quent cause  of  scleral  ectasia^  (if  the  posterior  scleral  staphyloma  in 
myopia  ia  excepted).  Scleral  ectasias  develop  slowly,  and  the  dispropor- 
tion between  the  tension  of  the  eye  and  the  resistance  of  the  sclera 
must  persist  for  a  pretty  long  time  before  it  can  make  the  sclera  become 
ectatic. 

(fi)  The  result  of  elevation  of  the  intra-ocular  tension  is  that  every 
square  millimetre  of  the  interior  surface  of  the  sclera  has  to  bear  the 
same  increase  of  pressure.  If  the  sclera  possessed  the  same  constitu- 
tion throughout  it  would,  in  case  it  yielded  to  the  pressure  at  all,  ex- 
pand in  a  perfectly  uniform  fashion.  But  «ome  portions  of  the  sclera 
are  constructed  less  solidly  than  others,  and  these  give  way  first  to  the 
increasetl  pressure.  These  less  tenacious  spots  are  those  in  which  the 
sclera  has  nerves  or  vessels  passing  through  it  into  the  interior  of  the 
eye,  and  in  which,  therefore,  it  is  perforated  and  thinned.  Chief 
among  these  places  is  the  lamina  cribrosa,  and  next  those  portions  of 
the  sclera  where  the  vente  vorticosa?  and  tiie  anterior  ciliary  vessels 
perforate  it.  At  the  site  of  the  lamina  cribrosa  the  sclera  is  reduced 
to  a  thin  membrane,  riddled  with  holes  like  a  sieve,  which,  under  in- 
creased pressure,  bulges  out  backward.     This  bulgiug,  however,  is  not 
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MMg  the  fltaplijrkaHita  of  the  Kkfa.  bat  is 
of  tiw  optie  Ben«,  becmtue  die  iieed  of  the  optic  nervB 
reeedet  gamakbuttgoadj  whh  the  kmiaa  cribreae  (§  82).  Equatorad 
efaifiijloaBta  devdop  at  tho«  qpoCs  vheie  the  Tea»  vortieoas  patfonte 
the  tdmn.  and  eatanor  ecksal  itqihyleaeta  at  the  qwta  vheee 
aatoriag  täUarj  rtamh  are  traaaautted.  The  other,  Bore  rawtant 
tiaae  of  the  aden  nania  aanhaaged,  etaa  aader  iBcreaatd  intrm-ocn-^' 
lar  pieHaiv;  it  ia  oalf  ia  chüdrsB,  ia  wboat  the  adcra  ü  capable  of_ 
eipandiag  a«  a  whole,  that  total  eelaaia  devdepa. 

The  aMBt  lieqaeat  cen»i  of  the  etevatam  «tl  iatnMMSüar 
ace  gfanffHiaa,  eedano  papillat,  aad  ectatie  ckatikae  of  the 
la  ^ancinaii,  ia  whkh  tibe  wa»  Tortk— i  are  the  aaaa  aeat  of  ooih 
geatioB  and  taflaaunatioa,  cqaatorial  etaphyhNaata  geaeiallT  develop ; 
■edario  papill»  and  ffti4»hTlomata  of  the  eoniea,  oa  the  oontrary,  in 
vhkA  UM  iaiaBUBatk»  expeads  itaitf  i^ea  the  noat  aaierior  aectioiu 
ef  the  erehall,  Moatif  indaee  aataior  eetana  of  the  edeia. 

(I)  The  rasalt  of  JimimUitd  nritimmn  tf  lit  tdtrm  nkaj  be  that 
the  latter  ia  aaahle  ear  longer  t»  vithataad  even  the  nonaal  intn- 
PiiawMwhed  resilaBBe  daedape  ia  cionwywnc^  of 
of  the  sdeia,  and  benoe  ocean  ia  the  deep  form  of 
aolaritM,  which  leads  to  antenor  eclexal  ectaaa»  (p^e*  ^14) ;  it  also 
ecciirs  when  tumors  (malignaat  aew  growths,  gnauaj  or  taberoolona 
aadalee)  develop  io  or  beneath  the  edeia.  lajariea  of  the  aelei»  abo 
diaiiaish  its  tenacitr,  aad  heaee  the  cieatrkxa  after  penetiatiag  voanda 
(aad  eapeciaUj  after  mptaiee)  of  the  sclera  verj  freqnentlj  become 
eelatio.  Scleral  eotast»  arisiag  ia  thiä  waj  lead  aaheeqaentljr  to  eleva- 
tioa  of  the  iatra-ocnlar  preasare,  which  then,  however,  mnst  be  re- 
garded not  as  the  cause,  but  as  the  resalt  ef  Am  «rtaaiH,  even  thoa^h  it 
doea  contribute  to  make  the  latter  atill  larger.  Here,  then,  the  same 
proeeaa  that  ooenrs  io  ectaaa»  of  tha  cornea  (page  M6)  U  repeated. 
Baateiior  sdenJ  «claai»  an*  Ukewi^  refnred  to  a  dininntion  in  the 
resistance  of  the  sdeia.  With  reganl  to  the  devdopmMit  of  staphjlo- 
au  posticum.  the  canae  of  it  has  beoi  ananed  to  be  partlj  a  congenital 
«cakaeas  of  the  aokra  in  its  posterior  portioa,  partij  a  eoftaaiug  of  it 
khvoagh  inflaaiiation  of  the  adjacant  chedoid.  With  raqiwet  to  Am- 
motk*i  scIenU  {»mtubemnoi?,  the  idea  i>  held  that  Um  foetal  ophthalmic 
cleft  19  filWd  up  witli  a  sort  uf  intenaediarT  ttssne  which  doee  not 
pOMCBS  the  firm  textuiv  of  the  aonnal  adera,  and  hence  gires  way  be- 
fore the  ootthur  preanirak 

0»H>qi«im  «f  aatortl  Brtislaw— In  aaterior  and  equatorial  ataphy- 
lonata  of  th«  sclvra  th<*  si^ht  is  at  l«>»gth  cumpletdy  destrored  throngh 
rlM  of  tension.  I  f  the  octaua  doat  aet  come  to  a  atop«  the  enlargement 
of  the  eyeball  kwp«  gruw  inf  grailar  aad  greater.  The  eyeball  projects 
Ihr  bevoiul  th«  {)u»l[kt>braü  tbs«ure.  oau  be  covered  bat  incompletely  by 
Iha  ltd«»  and  is  i<itr\>n(vly  dt4%uriu^.    Coi^iaaetifal  catanh,  lachrrmar 
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tion,  Rnd  blepharospasm  develop  as  a  result  of  the  mechanical  irritation. 
Finally,  some  light  injury  sufHccs  to  cause  the  rupture  of  the  staphy- 
loma at  a  particularly  thinned-out  spot.  The  greater  part  of  the 
liqueOed  vitreous  is  evacuatod,  and  in  consequence  a  violent  hemor- 
rhage may  take  place,  and  the  eye  may  undergo  destruction  with  the 
symptoms  of  panophthalmitis. 

Sluphyloma  posticum,  if  it  enlarges,  causes  a  considerable  increase 
in  the  short-sightedness,  without,  however,  inducing  elevation  of  tension 
and  the  other  deleterious  consequences  of  anterior  and  equatorial 
staphylomata.  Tlie  scleral  protuberance  of  Ammon  remains  stationary 
and  entails  no  injurious  consequences. 

Treatment. — It  is  only  anterior  and  equatorial,  and  not  posterior, 
ect4isitt;  of  the  sclera  that  are  amenable  to  treatment.  In  the  former, 
which,  in  the  great  majority  of  cases,  have  devoh>ped  in  consequence  of 
an  increase  of  tension,  the  main  indication  is  iridectomy,  provided  tliat 
it  is  still  technically  practicable.  Inasmuch  as  this  oj>eratiou  dimin- 
iahea  the  intra-ocular  pressure,  it  puts  a  stop  to  the  further  enlarge- 
ment of  the  scleral  ectasia^  ^and  in  especially  favorable  cases  even  causes 
diminution  in  the  size  of  an  ectasia  already  existing),  and  likewise  pre- 
serves the  sight,  so  far  as  it  still  exists,  from  total  destruction.  If,  as 
indeed  ia  generally  the  case,  iridectomy  is  on  technical  grounds  no 
longer  practicable,  there  is  nothing  else  left  to  do  but  enucleation,  in 
case  the  eye  distresses  the  patient  by  its  size,  its  painful ucss,  or  the  dis- 
figurement it  causes. 

The  anattmital  ftrueture  of  ■clemi  staphyloma  is  ewenliiilly  different  from 
that  of  «Lipbylonm  of  i1h>  conioa.  Wliile  tlie  latter  consiMts  of  cientricial  tiasue 
which  rej)laees  tlie  cornea  that  lia^  been  destroyed,  a  scleral  stajjliylotna  is  formed 
of  the  sclera  itself,  which  lias  not  ceased  to  exist  at  the  site  of  the  ectaeis,  but 
IB  simply  thinned,  so  that  often  it  is  no  thicker  than  a  sheet  of  pa|>er.  In  pos- 
terior staphyloma  the  thinning  is  uniform ;  in  anterior  and  equatorial  staphy- 
lomata we  often  find  that  the  thinning  is  not  uniform,  and  commences  suddenly, 
owing  to  the  abrupt  diHa|i|K-uranf;o  of  tlie  inner  layers  of  the  sclera  at  the  margin 
of  the  ectasia.  The  .sclera  then  in  the  «pot  where  it  biilpeH  luoka  as  if  it  had 
l>een  gnaw«!  into  from  the  inner  side,  and  thus  deprived  of  its  innermost  layers. 
Probably  this  occur»  from  the  fact  that  the  innermost  layers  of  fXwn  of  the 
«?lem,  in  consequence  of  the  great  stretching  to  which  they  arc  exjx>sed,  first 
rupture  at  some  spot  and  then  gradually  separate  from  each  other  (Czcrmak  and 
Birulmchcr).  The  uvea  is  always  solidly  adherent  to  the  inner  surface  of  the 
ectasia,  and  b  here  so  atrojihic  that  scarcely  anything  i»  left  of  it  but  its  pigment- 
layer,  which  form«  the  dark  coating  of  this  inner  surface. 

Dissection  of  ectatic  eyeballs  shows  that  anterior  scleral  staphyloma  may  be 
of  two  kinda — eiliury  or  intrrenltiri/  »titphyh/ma.  The  former  (Fig.  44)  belongs  to 
that  part  of  the  sclera,  the  inner  surface  of  which  is  coated  by  the  ciliary  body; 
the  latter  (Fig.  45),  on  the  other  hand,  develop»  in  that  narrow  portion  of  the 
Hclern  which  is  situated  in  front  of  the  ciliary  l>ody,  l>etween  it  and  the  margin 
of  the  cornea;  for  the  anterior  border  of  the  ciliary  body,  and  hence,  too,  the 
root  of  the  iris,  na  it  springs  from  the  ciliary  body,  do  not  correRpond  to  the 
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Jaaeüon,  bot  lie  MiiiewluU  behind  it — that  k,  Ar  moat  aatc 
I  «#  tiH  wlefm,  which  liet  in  front  of  the  root  of  the  iris,  belongs  to  the 
>«>frinr  ehmber.  Bat,  although  it  it  just  io  this  portioD  that  an  interealary 
alat*jlniiii  develop!,'  the  iria  does  not  lie  bebiod  the  latter  bat  in  front  of  it. 


fia.  ü-erAnrunu  Ciuabx.  Avm  PAunraona. 
Tbe  eve  !•  btoexAed  borixratonr.  SurrouiMUiiK  tbe  eornM  tfaere  ts  an  ectaria.  r.  of  the  Rclern, 
whidi  attalos  itn  greAteat  bcvadth  at  the  temponl  side,  t ;  aod  or  tbe  naaal  aide,  n.  üi  nar- 
rower and  l<>«a  prominent,  for  which  nautfra  the  cornea  appears  displacMl  toward  tbp  nasal 
Bide.  The  Inner  surface  of  the  ectasia  t*  ooated  with  the  elongated  ciliary  prooecses.  tbe 
iris  la  invlaible  because  it  is  presw^tl  against  tbe  posterior  surface  of  ihr  cornea,  which  hftn-ei 
look«  pigmented  in  Mack.  Ttie  retina  and  choriotd  have  been  toaonae  extent  aenaratad  froin 
their  i>A  hy  th«  dUwection  ;  in  the  retina,  ifroup«  of  punctate  haNnorrha«««,  6,  are  ob«err- 
abie.    Th«  bead  of  tlie  optic  nerve,  o.  shows  a  d^p  excaratioa  due  to  preasure. 

Fto.  45,— STAintrLOMA  IfrraiuAi-Aa«. 
Tbe  eyeball  Is  horizontally  bfaoeted  and  is  drawn  of  Homewhat  more  than  tbe  natural  sixe.  The 
ertaala.  a.  of  the  sclem  Is  lnterix->siM|  on  the  nasal  ride,  n,  bftween  the  ciliary  body,  c,  and 
the  cornea,  ft,  so  tliat  the  lntli*r  is  dinplao^d  toward  the  tenipiirBl  siile.  The  inner  siirfnoe  of 
the  ectasia  is  covere«!  «itli  pigment,  wliich  represeats  the  remains  of  the  root  of  the  iris 
whicli  ha«  tiefoine  adlien'nt  to  tlie  ihiiinwl  sclera;  this  piRment.  in  consi'qiieuce  of  beiug 
spread  over  »i  lartrt"  a,  surface,  8hr>ws  unnierous  ini|>s.  Toward  ttie  outer  side  the  ectasia  con- 
Ht^iuiiy  diniiiilshcK  in  bn'adtli,  ho  IhAt.  nt  tlie  f,\itA  where  the  teunxiral  wall  -»f  the  eyeball,  f, 
has  been  cut  thmuirh.  nothing;  but  a  very  narrow  Intt^rapacc  is  observable  l>rlween  tbe 
ciliary  body  and  the  iris,  a  condition  due  to  that  oKglutinntion  of  the  root  of  the  iris  to  tbe 
sclera  which  chanicteri»'«  nn  increa-se  of  tension.  In  tbe  bisected  optic  nerve,  the  normal 
«mil»)  oontractiou  of  rhe  Intra  nrleral  Ke<-tion,  i,  can  be  recoeniaed  :  and,  in  the  retina,  can 
be  aeeo  tbe  fovea  centriUi.^,  /,  mid  the  expansion  of  tbe  retinal  reasela. 


just  aa  in  the  case  of  ciliary  stflphyloma.  This  come«  to  pas«  in  the  following 
way.  The  formation  of  the  ectasiH  is  prfcetlptl  by  increase  of  tension,  which 
caufces  the  moHt  peripheral  ]Kirtion  of  the  iris  to  be  ])ressed  forwiirtl  and  to  be- 
come united  with  the  wli'ra  (see  }  85  and  Fi^.  73  and  74).  IIcDce  that  part  of 
the  iri»  fyitig  fn;e  in  thu  anterior  chamber  is  given  off  from  the  sclera  at  a  point 
farther  forwunl  thnn  iimti»!,  liOoked  at  with  the  naked  eye,  it  Bcems  as  if  the  in- 
ncrtion  of  the  iris  liud  Ix-i-n  pnxhod  forward,  up  to  the  selero-corncal  junction 
or  beyond  it.  Now,  art  ititi-rrniiiry  Ktnphylnma  develops  in  that  rejjion  of  the 
Bclcra  which  \*  unile<l  with  tlie  [wriphery  of  the  iris  (from  a.  to  h  in  Y\ff.  74>, 
and  hence  He»  Imtween  the  real  orijfin  tjf  the  iris  at  the  anterior  border  of  the 
ciliary  bwly  and  iU  n|ipnrrn(  nriifln  at  the  Kjint  where  the  portion  of  the  iria 
that  is  «till  free  eomtiienee«  (Ki«.  83,  h).  Th«-  inner  surface  of  an  intercahiry 
staphylomi«,  then,  lse«/«it<rd  with  n  l«y<T  of  pigment  (j»,  Fijf.  4.'3}.  which  is  nothing 
but  the  cofTiph'tely  »rro|>hir  rool  of  the  iri»  that  hnn  heeoiue  united  to  the  scler«. 
In  an  ey^'ball  wbirh  ha»  not  Ijni-n  di«<«-etn(I,  the  diatinction  l>etween  a  Ciliary 
and  an  intercalary  »taphyloma  i«  riii>P'  dHJIeuU.  t<i  effect  than  in  an  anatomic^ 
prefmration,  »ml  may  »till  •»»'  tiiiMl«'  from  the  foUowin»^  diagnostic  points:  In 
intercaUrv  »Upliyloins  the  «ijt«  rior  ciliary  vesaoln  are  seen  emerging  from  the 
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sclera  at  the  posterior  border  of  the  ectaaia,  in  ciliary  staphyloma  at  its  anterior 
border.  A  thin  ciliary  staphyloma  usually  transmits  light,  and  bo  admit«  of  our 
recognizing  the  elongated  ciliary  processes  ns  black  stria}  on  its  inner  surface 
(f.  Fig.  44). 

Ectaj^iii  of  the  sckra  usually  entails  still  further  changes  in  the  interior  of 
the  eyeball,  lu  consetjuence  of  the  enlargement  of  the  ring  formed  by  the  ciliary 
body,  the  iri«  becomes  stretched  und  atrophic,  and  may  even  in  places  be  sepa- 
rated from  its  insertion  (epontaneous  iridodiulysi-s).  The  same  is  true  of  the 
zonule  of  Zinn,  which,  through  atrophy,  gets  to  be  so  deficient  that  the  lens  be- 
comes tremulous  or  even  undergoes  luxation.  The  ciliary  body,  chorioid,  retina, 
Hnd  optic  nerv'c  become  atrophic;  the  latter  generally  presents  a  deep  excava- 
tion due  to  the  iucreaav  of  teoiauD  {o.  Fig.  44). 


Ui<CBn8  AKD  TcMOBs  OF  THE  ScLKHA.— The  sclcra  is  but  little  liable  to 
liecome  inflamed,  and  at  ill  less  are  the  products  of  its  inflammation  liable  to 
undergo  purulent  disintegration;  thus,  for  example,  ulceration  of  scleritic  nod» 
ule»  is  never  observed.  Ulcers  which  originate  in  the  adjacent  part  of  the 
cornea  are  always  arrested  as  soon  as  they  reach  the  sclera;  nor  are  ulcers  of 
the  conjunctiva  any  more  likely  to  extend  to  the  sclera  beneath  them.  Hence 
ulcers  in  the  sclera  arc  among  the  greatest  of  rarities.  They  originate  from  in- 
juries associated  with  infection  and  also  from  the  disintegration  of  new  growths 
(gummata,  tuberculous,  and  lejiroiis  nodules,  malignant  new  growths). 

New  growths,  too,  occurring  primarily  in  the  sclera  are  extremely  rare; 
although,  of  course,  tumors  originating  in  other  parts  of  the  eye  do  pass  over 
to  the  sclera.  Fibromata,  «mrcomata,  and  osteomata  are  the  primary  tumors 
that  have  Vieen  observed  in  the  sclera. 
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ASAVoMr  ASD  PursioLoor  or  toe  uvea, 

XMBSi'OLOGr  or  TBE  EYE. 
L   AXAT\»JIT. 

ftT  Ir  ir«  <«r«<fttUT  reoKyv»  UM  «eki»  and  ooriM«  from  an  eje- 
UlU  v*  luiv»  imiiamaii  10  » tha  iria^cfliaiy  bodj,  and  ctenoid  m  coo- 
Mctioft.  T>g<rtbartbn»ft»m  the  midAatnuc  of  the  era,  vUch  takes 
Um  «b«|ia  af  a  <|>lwtf^co>orod  dark-brovn  br  the  p^meat  vhidi  it  oon- 
laiM.  Ii>f>a«l  tk»  iMaatotatgnlimythayya;  beimri  it  haa  a 
«mU  «Mw  Ite  aipMiaf  davfaad  fcr  th»  tiaBMBHia«  <tf  tke  a|)de  aerv«. 
Ott  aix«wkl  «f  tha  mmSkuritt  of  tW  davk  igliiwib  liwiff^  afnci  the 
«ftk>  Mcva  aa  «|toai  a  stalk,  I»  a  gnpa  {mmU  Aa  »iMfc  taaie  ot  thm 
«>ra  Ims  (vcsaivid  the  aaiM  a(  ««ta»  aad  aba  «C  avasil  tcacL 
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4«.  — A5THU0«     8l7«PilCR    or    TH« 

Ikm.    MAOHiriKO  OxI. 


»on^  ;  C.  cilUu7  «cum?  ;  r, 
retinal  plf^ii«rit  ;  k,  lemer 
•,  orypi  ;  /.  cMuilro'.-tlon 
n,   lUBVUB ;  p,  pi>ripht>rAl 


magnifying-glass,  we  recognize  in  it  delicate  markings,  which  are 
formed  by  elevations  and  depressions  of  its  anterior  surface  (relief  uf 
the  iris,  Fig.  46).  Sharp  and  clear  in  the  normal  eye,  these  niarkiugs 
are  blurred  or  absolutely  indisliuguishiible  in  an  inllamed  or  atrophic 
iris,  BO  that  they  constitute  an  important  sign  in  iridic  affections. 
The  markings  are  chiefly  formed  by  ra- 
dially directed,  projecting  ridges,  which 
are  nothing  but  the  blood-vessels  lying 
in  the  stroma  of  the  iris,  and  running 
from  the  ciliary  to  the  pupillary  mar- 
gin. Near  the  latter  they  interlace  with  /^ 
a  ring  of  circular  ridges — the  lesser  cir- 
cle (circulus  minor)  of  the  iris  (A-,  Fig. 
46).  This  latter  divides  the  iris  into 
two  zones  :  that  lying  to  the  periphery 
of  the  circulus  minor  is  the  ciliary  zone  p,  pupiiury 
(C) ;  that  lying  to  the  central  side  of  it  cirJE,  . 
is  the  much  narrower  pujiillary  zone  ( P),  Sürk*»ol». 
which  is  often  distinguished  from  the 

ciliary  zone  by  a  different  coloration.  Along  the  circulus  minor  may 
he  noticed  pit-liko  depressions  (crypts,  r)  in  the  surface  of  the  iris. 
iSimilar  but  much  smaller  oj)ening8  in  the  anterior  surface  also  exist  at 
the  periphery  of  the  iris,  ch)se  to  its  root ;  but  these  are  not  perceived 
in  tite  living  eye,  partly  because  they  are  too  small,  partly  because 
they  are  concealed  by  the  margin  of  the  sclera,  which  projects  in  front 
of  them.  It  is  only  in  blue  eyes,  especially  in  children,  that  this  periph- 
eral perforated  zone  becomes  apparent  as  a  dark,  almost  black,  circle 
{p)  close  to  the  root  of  the  iris.  The  pupillary  margin  of  the  iris  is 
seen  to  be  lined  by  a  narrow  black  fringe  (r),  which  stands  out  with 
especial  prominence  in  eyes  affected  with  cataract;  for  it  contrast* 
much  more  forcibly  with  the  white  background  of  the  clouded  lens 
than  with  the  black  of  the  pupil  of  a  normal  eye. 

Microscopical  Anatomy. — The  stroma  of  the  iris  consists  essentially 
of  numerous  vessels  running  in  a  radial  direction  from  the  ciliary  to 
the  pupillary  margin.  The  vessels  are  inclosed  in  a  thick  adventitia, 
and  are  surrounded  by  a  loose  mesh-work  of  branched  and  pigmented 
cells,  which  fill  up  the  interspaces  between  them.  The  vessels,  together 
with  the  cellular  mesh-work,  form  the  stroma  of  the  iris,  which  conse- 
quently is  a  very  loose,  spongy  sort  of  tissue.  Close  to  the  pupillary 
margin  of  the  iris  the  muscle  which  closes  the  pupil — the  sphincter 
iridi» — is  found  imbedded  in  the  stroma  (Fig.  47,  .tp).  This  is  a  fiat 
band  of  smooth  muscular  fibers,  one  millimetre  brood,  lying  close  to 
tlio  posterior  surface  of  the  iris. 

On  the  anterior  surface  of  the  iris  the  stroma  is  lined  with  a  coat- 
ing of  endothelium.    This,  which  is  a  continuation  of  the  endothelium 
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of  OäBBHHwtnbrane,  covers  the  entire  anterior  surface  of  the  iris 
■Mifaras  Ihe  pupillary  margin.  It  is  deficient  only  at  those  spots  which 
Winrespond  to  the  crypts,  inchuHng  both  those  at  the  pupillary  (Fig. 
47,  cr)  and  those  at  the  ciliary  (c,  c)  margin.  These  crypts,  therefore, 
form  apertures  which  lead  into  the  interior  of  the  tissue  of  the  iris  and 
place  its  tissue-spaces  iu  free  comnninication  with  the  cavity  of  the  an- 
terior chamber.  This  arrangement  favors  the  ra[iid  change  in  volume 
of  the  iris  iu  the  alternating  movements  of  the  pupil,  since  it  enables 
fluid  to  pass  rapidly  from  the  tissue  of  the  iris  into  the  anterior  cham- 
ber and  vice  versa.  Tlie  posterior  surface  of  the  stronnt  of  the  iris  is 
covered  by  the  posterior  limiting  membrane  and  the  retinal  pigment- 
layer.  The  former  consists  of  very  even,  tense  fibers,  which  extend  in 
a  radial  direction  from  the  ciliary  to  the  pupillary  margin,  and  hence 
have  been  regarded  as  the  dilator  pupilhe.  l'hysiülogically  epeuking, 
the  function  of  a  dilator  does  really  belong  to  the  posterior  limiting 
membrane,  since  the  pupil  is  actively  dilated  by  its  contraction.  Nover- 
theless^  we  are  dealing  iu  this  case  not  with  a  muscular  but  with  an 
elastic  traction,  for,  inasmuch  as  the  fibers  of  the  ponsterior  limiting 
membrane  possess  no  nuclei,  they  can  not  be  regarded  as  smooth  mus- 
cular fibers.  To  the  posterior  limiting  membrane  succeeds  the  retinal 
pigment-layer,  which  coats  the  posterior  surface  of  the  iris.  It  extends 
to  the  pupillary  margin,  round  which  it  turns  so  as  to  appear  a  little 
on  the  anterior  surface  of  the  iris  (Fig.  47,  at/«),  and  so  forms  that 
black  fringe  which  we  perceive  along  the  pu])illary  margin,  when  look- 
ing at  the  eye  from  in  frunt.  The  pigment-layer  consists  of  iwo  strata 
of  epithelial  cells  {v  and  A,  Fig.  47),  which  pass  into  each  other  at  the 
pupillary  margin.  The  two  together,  as  embryology  teaches  us,  repre- 
sent the  continuation  of  the  retina  to  its  termination  at  the  pupillary 
margin.  This  layer  of  the  iris  is  thercforo  designated  as  the  retinal 
layer  (pars  retinalia  iridis  give  pars  iridica  retina?),  in  contradistinction 
to  the  anterior  layers  belonging  to  the  uvea,  which  are  comprised  under 
the  name  of  pars  uvealis  iridis  (Schwalbe). 


KXPLAXATIOIf   OP    PlO.   47.— MKRinlONAI.   SCCTIIlN    TRROrnil    TRK    ANTKUOR  PoRTlnit   OF  TSC 

Etx.  KABittnBO  ]«K  1.  The  bouuitarr  beiwpt-a  coriira.  C  ituil  »t'lera.  /<,  ia  nmrkeil  nr  ii.«  ihw- 
Mrior  nirface  by  the  croia  apcUon  of  St-hlomni'it  canal,  s.  Anlf  riiirly  it  Is  covered  by  tl»/  linilius 
coDjuQctlvB,  L;  farther  back  th«  cro!W  stvilou  of  an  anterior  ciliary  vein.  ci.  is  wen  in  Ibe 
«der«.  TIw  iri*  la  attached  by  the  liKunieiituiu  peclinatuiii,  /.  (<■  the  inner  jHwiehor  wall  of 
Schlemni's oanal.  On  the  ant'erinr  «surface  of  »he  iris  may  l)e  recoRniäUHl  Uie  i>ritlc«"sof  the 
crypt»  trnth  in  the  c)r«?uhn  minor  <rri  and  in  the  pt-riphery  <(•),  alwi  the  (H<nlraeiion  furrow, /. 
Ttus  poüli-rjor  surf  ace  of  the  iris  Is  i-overed  witli  a  sheet  iif  retinal  pi)jinent  »liioh  turns*  forward 
■hsrply  like  a  spur  at  th«  pupillary  itrMPirtM,  /»  At  one  8p<Jl  the  ixwlerior  layer,  A,  .>f  ttie  nlu- 
nieut  lia«  fl«p«r«t«Ml  no  that  the  lif  '  r.  1',  call  t>e  Keen  isolutetl.     Clime  to  the  pnpillttl7 

margin,  the  croM  ■ecUon.  «p,  of  n  piipillii'  i^  vlMble.     From  the  |M>slerior  wnll  of 

8ehlemm''a  CMUil  rim  tbe  oi1iar>  Mitüi^tJUR  of  longitudinal  tltieni.  U.  and  rlrcular 

flbt^rs,  Jtf ii ;  the  traiwlUnn  from  «in.-  j.-r!i..ri  to  another  i.s  effected  by  tlie  radial  I1Ij«ts.  r  At 
the  aateriur  tnarKln  of  the  circuhjr  pfjrtlon  is  seen  the  cross  section  of  the  clfviilu«  anlerif«!»« 
IridiK  majnr  u. .  t'lion  the  ciliar>-  nnirwle  are  wtuiiled  the  elliary  prrx-eKsew,  /',  whi<-h  an-  "-nv- 
wed  i  :  -  .if  the  pars  L'illnri»  retliirt'.  rmmely,  by  the  plKMientiit  (•.■IIm; 

whi' I  iiiinof  the  piirmi'iil  rpillu-linn».  fc,  ami  by  the  non-|iiKiiieii' 

the  ill'  retltia  pro|X'r.  IL    The  tlut  [tart  of  the  ciliary  IkkIv.  the  >  i 

urif'  I»  ilie  ova  wernita.  o.  where  tlie  i.-liorioid.  r'A.nnd  the  rilitm.  H,  l>>->.'iii      \  j-ai 

U»«-  ■  iheflln^rs  iif  th<-  ioniili-  uf  7,itin,  t.  wliii-h  fiirthi-r  forward  piiKt  iino  the  fre«! 

porli-  itie  tonuln  and  there  incl«*.»-  the  cavity  of  the  canal  of  Petit,  i.    The  lens,  p. 

•hows  at  lin  iN|uak>r,  beiide*  the  ftttachmeuta  uf  the  zonular  libera,  the  crvas  aecUon.  k,  of  the 
«rirda  of  nuclei. 


DISEASES  OP  THE  EYK. 


TW  eottr  of  the  iris,  which  b  either  light  (bloe  or  grav)  or  dark 
(brvwn),  »  csosed  by  the  iridic  pigment  There  ax«  tvo  kinds  of  pig- 
vent  in  the  iris :  one  lies  in  the  branched  ceUs  of  the  stroma,  and  is 
faenoe  called  the  stroma-pigment ;  the  other  fills  op  the  ^ithelial  cells 
of  the  lediial  pigment-larer  (retinal  pigment).  Upon  the  proportion 
between  the  amoant  of  pigment  deposited  in  these  two  the  culor  of  the 
im  daftendft  The  retinal  luver  of  the  iris  alwars  abonnds  in  pigment, 
while  the  amoant  of  stroma-pigment  that  the  iris  contains  varies  gnsady. 
When  the  stroma  contains  httle  pigment,  the  retinal  pigment  shows 
throng  the  thin  iris,  and  bj  interference  appears  bloe.  This  b  dne  to 
the  same  phenomenon  that  always  caoses  a  dark  backgroand  to  appear 
Uae  when  looked  at  through  a  more  or  less  opaque  medium.  Thns, 
for  instance,  through  a  delicate  skin  the  rein^  look  blue.  If  the  stroma 
is  deficient  in  pigment,  but  pretty  thick  and  compact,  the  iris  appean 
gray.  And.  anally,  the  greater  the  amount  of  brown  stroma-pigment 
that  the  iris  contains,  the  more  this  pigment  becomes  visible  and  makes 
the  iris  appear  of  its  own  brown  color,  while  the  retinal  pigment-layer, 
which  lies  behind,  is  more  and  more  concealed  by  the  stroma-pigment 
and  withdrawn  from  view. 

Not  infrequently  there  exist  in  an  iris;,  which  is  but  slightly  pig- 
raente<l  a$  a  whole,  one  or  two  isolated  accumnlations  of  pigment  in 
the  stroma.  Tlicse  then  stand  out  as  dark  (rast-colored,  brown,  or 
black)  spots  in  an  otherwise  gray  or  blue  iris  (ncvi  iridis,  Fig.  46,  n).- 
The  presenoe  of  a  pretty  large  number  of  them  gives  the  iris  the  ap- 
pearance of  a  tiger>skin. 

Exceptionally,  rtisos  occur  in  which  the  iris  has  no  pigment  either 
in  its  stroma  or  in  its  retinal  layer.  Such  an  iris  belongs  to  albinos; 
it  is  transptireut,  and,  on  acconnt  of  its  nuraeroos  vessels,  has  a  delicate, 
gTayial»-red  color. 

The  cx«miii»tinn  of  tlir  iris  in  thr  living  eye  shows  ns,  besides  the  details 
of  rcHcf  ntcntluneil  uUivc.  a  iujiuIkt  of  coiKWtrie  curved  line«  near  the  ciliary 
nwrsin  uf  thr  \r\»  {/,  Fij»,  \i\\,  Thry  arc  particulsriy  well  seen  in  ä  dark  iris 
with  II  txiutniolfd  pupil,  whon  by  thrir  light  color  lh*y  show  off  well  ufjon  tho 
bmwn  lMrk|;rn>utu).  ThcM«  Hn<  X\\v  e»mtr»etim  Airrotrt  of  the  iris;  so  called  be- 
(MMM\  lu  ttu*  iri«  iKK'onu*«  iutrn*\N  vr  during  thediUtatioa  of  the  papil,  it«  anterior 
«irfiic<<  in  di!<iKtiM<d  Itt  foliN,  »nd  drprr'SsioiM  between  the  folds  (./",/,  Fig.  47) 
form  thpHO  furrow«,  nt  lh<<  iHitloiii  of  whi<-Ii    '  :na  of  the  iris  generally  con- 

t«iu«  U\*Bi  pi^mciil.     Whrti  the  pupil  i^mt:  folds  ara  tnootbed  down, 

and  the  furmw»  o|irn  out  auil  »n\  tlun  .  i-i.  r  lo  I««?  s*<n.  With  the  varying 
dilntaliou  aiul  routrurtioti  of  the  pupil  »•  .li-o  m^ic«  a  chanse  in  the  fringe  of 
pi^noot  u|Hm  th<>  pupillnry  ntiirKln ;  (h<>  nuuv eontnetad  the  papil  is,  the  broader 
thia  bcHHUtir«;  on  llio  otitor  bund,  wlu'u  ih*  pupil  i*  strongly  dilated,  it  disap- 
|iMini  rntln'ly,  \\\\v\\  \\w  pupil  U  very  mxirh  rontractcO,  we  not  infrequently 
oltwrvo  ovcu  \n  \u\r\\u%\  «<vi'<t  a  fnint  trrmulouHieaB  of  Uw  iris  (iridodonesis), 
whii'h  oIIutmIihi  mviir«  only  in  illN|.H''ntlon  of  the  Wm.  Thb  is  due  to  the  fact 
that  with  a  runtJ^i'l*'d  pupil  llu<  |H>«it>rlor  rhamber  is  deeper  and  at  the  same 
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time  the  greatly  dilated  im  h  considerably  tbinned— circumstunces  both  of 
which  favor  wavering  of  the  iris. 

The  retinal  pigtmnl-litiier  is  compiscd  of  two  strata  of  cells,  the  recognition 
of  which,  however,  is  rendered  very  difficult  by  their  profuse  pigmentation.  The 
twoKtnltacan  be  eJearly  di»tingui!<ihed  from  each  other  only  in  the  embryo  (and 
ROTnetimc!*  also  in  the  new-bom  infant);  we  can  then  aI»o  establish  the  fact  that 
they  are  the  continuation  of  the  two  liijers  of  the  retina  upon  the  posterior  sur- 
face of  the  iris.  The  anterior  ßtrntum  of  pigment  (c,  Fig.  47)  arises  from  the 
pigment-epithelium  of  the  retina;  tlie  [»osterior  (A)  from  the  retina  proper.  In 
the  adult  eye  a  .«'jwiration  not  infri'ttuentiy  takes  place  between  the  two  .strata, 
Itecause  they  are  not  attached  with  the  i*ame  degree  of  firmness  to  the  iris. 
While  the  anterior  stratum  \i  very  intimately  adherent  to  the  j^osterior  surface 
of  the  iris,  the  posterior  stratum  readily  becomcH  separated  from  it  (in  Fig.  47 
the  separation  has  resulted  accidentally  from  the  dissection).  When  adhesions 
of  the  ]>oeterior  surface  of  the  iris  to  the  capsule  of  the  len.s  (posterior  «ynechife) 
are  torn  away,  the  posterior  stratum  is  left  as  a  black  coating  upon  the  anterior 
capsule,  while  the  anterior  stratum  remains  upon  the  iris.  8o,  too,  we  can 
raaily  remove  the  posterior  stratum  from  the  iris  by  penciling,  while  leaving 
the  interior  stratum  t>ehind  upon  the  iris.  Then,  in  making  a  microscopical 
examination  of  the  iri.^  that  we  have  jx»nciled,  we  find  the  anterior  stratum  inti- 
mately connected  with  the  j)ostcrior  limiting  membrane.  Indeed,  it  used  to  lie 
counted  as  forming  a  part  of  the  latter,  investigators  regarding  the  nuclei  of 
the  pigment-ccrlli.4  h.s  the  nuclei  of  the  fibers  of  the  posterior  limiting  membrane 
— «tructurea  which  they  were  hence  disjyosed  to  look  upon  as  smooth  muscular 
filjera.  In  this  way  they  arrived  at  the  erroneous  iissuinption  of  there  being  a  mus- 
cular dilator  pupillw.  And,  indeed,  there  are  still  other  facts  which  appear  to 
support  this  assumption.  In  the  first  place,  there  is  the  presence  in  many  animals 
of  such  8  dilator  consisting  of  striated  muscular  libers.  Then,  there  are  all  tliose 
facts  which  speak  for  the  existence  of  an  active  dilatation  of  the  pupil — e.  g., 
the  fact  that,  hy  instilling  atropine  into  an  eye,  the  pupil  of  which  is  already 
dilated  in  consequence  of  paralysia  of  the  oculo-motoriuB,  we  obtain  still  further 
retraction  of  the  iris.  Again,  if  in  consequence  of  iritis  the  pupillary  margin  is 
fixed  to  the  anterior  capstjie  of  the  lens  by  two  adjacent  points,  the  fKirtion 
lying  between  the  two  synechi»  retracts  so  strongly  under  atropine  that  the 
pupil  in  this  spot  looks  as  if  cut  out  in  the  form  ot  a  horseshoe.  The  fact, 
too,  that  fwsterior  synechiae  can  he  torn  awiiy  by  means  of  atropine  is  another 
one  Itelonging  in  this  connection.  Without  doubt,  therefore,  the  existence  i»f 
an  active  dilatation  of  the  pupil  must  be  conceded;  but  this,  in  accordance  with 
anatomical  facta,  must  hi»  looked  ujion  not  as  a  muscular  but  as  an  elastic  trac- 
tion. 

As  is  tmiversailr  known,  the  color  of  the  iris  changes  in  the  first  years  of 
life.  Most  children  are  born  with  a  deep-blue  iris.  The  stroma  Ci>ntains  but 
little  pigment  and  is  still  very  thin,  so  that  the  postcritir  pigment-layer  is  w^en 
through  it,  having  a  bluish  hM)k.  With  increasing  age  the  stroma  becomes 
thicker  and  thicker.  If,  while  this  is  taking  i>lace,  the  pigmentation  does  not 
increase,  the  iris  simply  become«  of  a  light  blue  or  gray;  but  if,  simultaneously, 
there  is  au  increase  of  the  pigment  of  the  stroma,  the  iris  takes  on  a  brown  color. 
The  transformation  of  a  blue  iris  into  a  brown  one  is  sometimeM  confined  to  a 
[wrt  of  the  membrane,  so  that  a  brown  sector  is  seen  in  an  otherwise  light- 
colored  iris.     Moreover,  the  iris  of  one  eye  may  be  blue  and  that  of  the  other 
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brown.     The  color  of  the  iris  is  always  proportioned  to  the  pigmentation  of  the 
rest  of  the  bod>*.     The  dark  mces  always  have  a  dark  iris. 


{b)  Ciliary  Body. 


The 


4^ 


when  the  eveball 


iiary"  Doily  i3  brought  into  v 
bisected,  and  the  vitreous,  the  lens,  and  the  retina  are  removed,  so  that 
the  uvea  is  everywhere  exposed.  The  spot  where  the  retina  is  torn 
away  anteriorly  i«  mariied  by  a  jagged  line — the  or«  aerrat^i  (»,  o,  Fig. 
48).  Corresponding  to  this  there  is  a  change  in  the  coloration  of  tlje 
uvea,  which  beliiiid  this  line  is  brown  (ohorioid).  in  fruiit  of  it  bla<'k 
(ciliary  body;  cf.  Fig.  45,  c).  At  the  anterior  margin  of  the  black 
zone  rise  the  ciliary  procesaes,  about  seventy  in  number.  These  are 
conspicuous  not  only  on  account  of  their  projecting  frirward,  but  also 
because  of  their  lighter  color.  This  latter  is  an  artificial  effect;  the 
ciliary  processes  are  covered,  like  the  rest  of  the  ciliary  body,  with  black 
pigment,  which,  however,  in  the  process  of  removing  the  vitreous,  is 
separated  from  the  apices  of  the  ciliary  processes  and  leaves  them  of  a 
light-gray  color.  The  anterior  zone  of  the  ciliary  bmly,  bearing  the 
ciliary  processes,  is  called  the  folded  part  of  the  ciliary  body — corona 
ciliaris  (c,,  Fig.  48) ;  back  of  this  is  the  posterior  part  of  the  ciliary 
body — orbiculua  ciliaris  (or) — which  is  smooth  and  of  a  uniform  black 
color. 

If  we  strip  off  the  entire  uvea  from  the  cornea  and  sclera,  we  get  a 
view  of  the  outer  side  of  the  ciliary  body.  This  is  covered  by  a  layer 
of  gray  tissue — the  ciliary  muscle. 

Longitudinal  sections  (carried  in  a  meridional  direction.  Fig.  47) 
are  the  ones  Ixist  adapted  for  accurate  study  of  the  ciiiary  body.  In 
such  sections  the  ciliary  body  appears  triangular.  Its  shortest  side 
looks  forward,  and  at  about  it«  center  gives  origin  to  the  iris.  The  two 
long  side«  of  the  triangle  look  inward  and  outward.  The  inner  side 
bears  the  ciliary  processes  {P,  Fig.  47),  while  the  outer  side  is  formed 
by  the  ciliary  muscle  (M). 


Exjn.AyATJori  or  Fio.  48.— The  baimI  waU  of  the  orbit  I«  fortiMsl  hy  th<>  Uniina  pAnyrarea 
«M  ptanumlof  tile  «•thrriDid,  L.  th*  larhrymal  hoat;  T.  ami  Ih«-  rmntal  finK'»-««.  h'.  nf  lhu«i- 
periiv  tnaxlll«.  Tlw  la.ii  two  honrt  tx-juiiil  lhi>  fix-sa  »luvi  laoriniali-i,  in  whit-h  Ups  the  lacbry- 
inal  sac,  S  Th«  booy  woIIh  of  the.  orbit  an*  t-notnl  by  a  periorbit*!  ijitTiosteunii,  /*.  from  which 
the  (Ntlpvbrftt  lifnunetilM  take  Ibrir  oHeui.  Tlw  inte'riiAl  |)ttlp«<br«l  IlKaiiii'nt,  f.  iliviil«-»  into  an 
sntoi-ior  limb.  V.  aiid  a  p<«t4>rior  limb,  fc,  whlr-h  toj^pther  inolo»«'  Ih»-  Inchryinal  >uir.  Kroiii  th« 
poaterior  Umb ftfiae  the  nbcrs  of  llonuT'M  luiiiu'le,  //.  /r,  external  pnl|H-lirnl  lij^uint^nt :  ;i  luid 
/p,  tlw  rilp«  of  foaci«.  Hln^lae  oriK-inatliiK  from  the  perlorteiim,  Koin«  to  the  internal  n-ttus 
mmcle,  A  and  the  exlemal  rectus,  >;.  The  nkiii,  .V.  of  tho  dciTBuiii  of  (he  tunu-  |>»ww<*  Into  the 
lowKr  lid,  at  whiTW  fre«  border  are  »een  the  cilia  and  the  oriflc«i  of  the  Mi-l>H>niiaii  «lAnd«,  m  ; 
hetwwn  the  two  exteoda  a  icray  line,  i.  At  the  Inner  ejctremity  of  the  lid  lie«  tlie  inferior 
|HJm:l«iin  lacninale,  p,  and  farther  kIodk  In  the  oonjunctlval  s.ir  the  caruncle,  r,  and  the  plica 
H«imiliinaris,  n.     Kronn  the  eyeball,  the  lower  half  of  wtiirli  I.  tlie  Ioim  And  along  with 

tt  theritreoiw  humor  have  In^'n  taken  out,  and  the  pinn  iiii  Im»  Im-i-h  removed  by 

pmcillnK.    Thi'  anterior  chanil>er.  k.  the  iria,  ir.  and  thi'  .  .    coiiMiRtinir  of  the  corona 

cillaria,  c,,  and  the  orbicuUis  cillAri^.  or,  are  »i»lbl<«.    Back  "f  tl r»  tierratA,  o,  \a  lb*  chorlold 

with  It«  vein«  »rhiirh  are  n^KTi'tfnted  into  vorticea,  r,    /,  fovea centralia  r«tin» ;  Cn,  central  ves- 
b»Ib  of  the  optic  nerve,  (i,  eut<*rin(;  it  at  e. 


*  From  cilia,  lashes,  tjocauso  of  the  fine,  radiating  folds, 
also  called  ei/clon  (hent»  oyditis),  from  ttitcKot,  a  circle. 
16 


The  ciliary  body  is 


242 


DISEASES  OF  THE  EYE. 


Microscopical  Anatomy. — If  we  examine  the  separate  layers  of  the 
ciliary  body,  praceciliiig  from  without  inward,  we  first  come  upon  the 
ciliar II  muscle.  This  was  discovered  by  Brücke,  and  was  denoted  by 
the  name  of  tensor  chorioidese.  It  consists  of  two  portions,  distin- 
guished by  the  differing  dircetton  of  thoir  muspular  fibers.  («)  The 
external  portion  contains  the  longitudinal  or  meridional  fibers — that  is, 
those  running  from  before  backward  (3/,  Fig.  47).  As  these  are  the 
ones  first  discovered  by  Brücke,  they  are  also  called  Brücke's  portion. 
The  longitudinal  fibers  arise  from  the  external  fibroas  tunic  of  the  eye, 
at  the  boundary  between  tlie  cornea  and  sclera  {at  /),  and  run  straight 
backwanl  to  a  point  at  which  they  gradually  are  lost  in  the  external 
layers  of  the  chorioid  (t'A).  {b)  The  second  portion  of  the  ciliary 
muscle  lies  to  the  inner  side  of  the  first,  and  contains  those  fibers  which 
have  a  circular  course,  and  which,  hence,  in  sections  mi«äe  meridionally, 
are  seen  in  cross-seelion  (.V»,  Fig.  47).  They  are  designated  as  Mül- 
ler's  portion,  from  their  discoverer,  Heinrich  Müller.  The  two  varie- 
ties of  fibers  merge  into  one  another  repeatedly. 

The  ciliarij  prueense.H  (P,  Fig.  47)  are  placed  upon  the  ciliary  mus- 
cle. They  consist  of  a  connective-tissue  stroma,  which,  along  with 
branched  pigment-cells,  contains  an  extraordinary  number  of  blood- 
vessels, so  that  the  ciliary  processes  must  be  regarded  as  tho  most  vas- 
cular portion  of  the  eritirp  eyeball.  The  inner  surface  of  the  ciliary 
body  is  covered  by  three  layers.  The  first  of  these  is  a  homogeneous 
membrane,  the  hyaline  lamella  of  the  ciliary  body.  Succeeding  this  is 
a  layer  of  pigmented  cells,  the  pigment-epithelium  (pr) :  and,  lastly,  a 
single  stratum  of  non-pigmented,  cylindrical  celSs  (pr)  forming  the 
most  superficial  layer — i.  e.,  the  one  that  adjoins  the  vitreous  humor. 
The  last  two  layers  are  the  continuation  of  the  retina,  which  here  has 
become  reduced  to  a  double  row  of  cells — i.  e.,  a  pigmented  and  a  noJi- 
pigmentod  row,  and  they  are  hence  called  the  purs  cititti'is  refince. 
All  three  layers  pass  over  upon  tho  posterior  surface  of  the  ids,  the 
deepest  layer,  or  hyaline  membrane,  being  continued  into  the  posterior 
limiting  membrane  of  the  iris,  while  the  layers  of  pigmented  and  non- 
pigmeuted  cells  are  converted  into  the  two  strata  of  the  retinal  pig- 
ment-layer of  the  iris  (pars  iridica  retinse,  v  and  ft). 

The  place  where  the  iti".«  mid  the  ciliary  bodif  tire  attached  to  the 
sclera  deserves  particular  attention.  We  can  readily  convince  oureelves 
that  the  iris  docij  not  arise  from  the  sclero-corneal  junction,  but  farther 
back,  so  that  the  most  anterior  portion  of  the  sclera  is  still  in  the  con- 
fines of  tho  anterior  chamber.  The  connection  between  the  sclera  and 
the  root  of  the  iris  is  made  by  means  of  loose  tissue  which  arises  at  the 
margin  of  the  cornea,  and  from  tlUs  point  extends  back  ward  to  the  root 
of  tho  iris  (Fig.  47,  I).  Tliis  tissue,  which  is  called  the  liyamentum 
peciinatujti,  fills  up  the  angle  between  the  iris  and  the  corneo-sclera, 
80  that  this  angle  is  rounded  olf  into  a  sinus — tho  sinus  of  the  anterior 
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chamber.  Histologically,  the  tissue  of  the  ligamentum  pectinatum  is 
composed  of  superimposeii  lamellje,  which  etart  from  the  margin  of 
Descemet'»  membrane  and  run  backward  to  a  point  at  which  a  part  of 
the  longitudinal  fibers  of  the  ciliary  muscle  abuts  against  them.  These 
lamelltp,  thin  and  perforated  like  a  sieve,  form,  when  superimposed,  a 
spongy  tissue.  Directly  to  the  outer  sule  of  them,  just  at  the  bound- 
ary between  the  cornea  and  sclera,  is  observed  an  open  space  ( Fig.  47,  a), 
corresponding  to  Schlemm's  canal,  the  inner  wall  of  which  is  thus 
formed  by  the  ligamentum  pectinatum. 

The  iris  and  ciliary  body  take  part  in  the  formation  of  the  two 
chambers  of  the  eye.  The  anterior  chamber  is  bounded  in  front  by  the 
cornea,  behind  by  the  iris  and  in  the  region  of  the  pupil  by  the  an- 
terior caitsule  of  the  lens,  and  at  its  margins  by  the  tissue  of  the  liga- 
mentum pectinatum,  beneath  which  lie  Schlemm's  canal  and  the  an- 
terior border  of  the  ciliary  body.  Even  under  normal  conditions  the 
depth  of  the  anterior  cliamber  is  variable.  It  is  greatest  in  the  eyes  of 
the  young,  and  diminishes  with  advancing  age.  Myopic  eyes  have  a 
d«ep  anterior  chamber,  hyperopia  eyes  a  shallow  one.  Even  in  the 
same  eye  the  depth  of  the  anterior  chamber  varies,  as  it  becomes  shal- 
lower during  the  iiccomniodaiive  act  from  the  protrusion  of  the  anterior 
surface  of  the  lens.  The  posterior  chamber  is  produced  by  the  iris  not 
being  in  contact  with  the  capsule  of  the  lens  by  its  whole  posterior  sur- 
lace,  but  only  by  its  jTU}villary  margin.  Thus  an  open  space  is  left  be- 
tween the  iriiiand  the  Ions,  which  increases  in  depth  from  the  pupillary 
to  the  ciliary  margin  of  the  iris,  and  hence  in  cross-section  has  a  trian- 
gular shape.  This  space,  the  posterior  chamber  of  the  eye,  is  bounded 
in  front  by  the  iris  and  to  the  outer  side  by  the  ciliary  body,  while  its 
inner  and  posterior  wall  is  formed  by  the  lens  {D,  Fig.  47)  and  the 
zonule  of  Zinn  (2,,  Fig.  47),  the  latt^^^  bridging  over  the  interspace 
between  the  lens  and  the  ciliary  body.  The  two  chambers  communi- 
cate only  by  means  of  the  pupil. 

The  eUiary  miutle  is  composed  of  smooth  muscular  fibcra,  which  do  not 
present  a  compact  mass  but  are  die[)09ed  in  tint  bundle»,  whicli  are  separated 
by  connective  tissue,  and  which  anastomose  rf  jwutedly  with  each  other  so  as  to 
form  a  sort  of  picxus.  For  this  reason  th«rc*  i«  no  well-marked  wjmnition  hc- 
tween  the  two  portions  of  tke  i:Uiiiry  mu-srle;  on  the  contmry,  the  longitudinu! 
fibers  by  a  very  gradual!  truDsfonnation  become  lK*nt  «t>  aw  to  take  a  circular 
direction.  Those  bundk's  which  effect  the  transition  from  fibers  of  one  direc- 
tion to  those  of  anoUier  hnve  been  denoted  by  the  name  of  radial  bundles  (r, 
Fig.  47).  Like  the  longitudinal  fibers  they  arise  from  the  wall  of  Schtemin's 
canal,  but,  unlike  them,  they  do  not  extend  outward  and  backward,  but  directly 
bockwunl,  and  pa»a  into  the  cirrular  libera. 

The  proportion  Ix^tween  longitudinal  and  circular  fiber«  varies  according  to 
the  refractive  state  of  the  eye.  In  hypermetropic  eye«  the  circular  fiber»  are 
strongly  developed,  while  in  myopic  eyes  they  arc  present  in  much  smaller  num- 
bere  (see  §  145,  and  Pigs.  151,  132,  and  153). 
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The  region  of  the  angl«  (or  itinu»)  of  the  anterior  chamber  demands  particular 
ooaaidcration,  br>lh  bccuuise  of  \t»  caDvjiliaiU'd  anutotnical  relutioDS  and  also 
because  of  its  importaucc  with  regmrd  to  ttie  metabolic  processes  and  the 
diseases  of  the  eyw  This  region  was  studifd  in  the  eyes  of  animals  t>efore 
fore  it  was  in  human  eyes,  and  henee  names  were  selected  at  that  time  which 
are  still  in  vofjuc,  »Ithuurrh  ttn'y  me  not  ajipropriate  for  the  humuu  eye.  Thos 
Hueck  introtluccd  the  name  Hgameiitutn  pectinatimi,  Ik'luusl'  he  found  in  the  eyes 
of  the  Unguluta  that,  upon  strifijiing  the  iris  from  the  sclera,  the  tiHsue  tliat 
united  the."»*  parts  projects  in  a  series  of  ridge»  resembling  the  teeth  of  a  comb. 
The  trinnjSrular  space  between  the  sclera  and  the  root  of  the  iris  which  is  filled 
by  the  iigamcntum  [K'Ctinatum  is  also  called  Fontana's  space,  because  Foatana 
was  the  first  to  describe  the  rather  large  cavities  which  are  found  in  many  ani- 
mals between  the  lamellie  of  the  ligamentum  pectinatum. 

The  ligamentiim  pectinatum  is  covered  by  the  endothelial  layer  which 
paases  over  it  from  the  (»sterior  surface  of  Desccmct's  membrane  to  the  anterior 
surface  of  the  iri.«.  Through  the  ga])s  in  the  lamella}  of  the  ligamentum  pecti- 
natum the  endothelium  pa.«ses  from  the  surface  of  the  ligament  into  the  deeper 
parts  of  it,  and  supplies  all  the  lamelleo  and  trabecule  of  this  spongy  tissue  with 
an  endothelial  lining. 

When  the  iris  and  the  ciliary  lx>dy  are  stripjied  off  from  the  comeo-scJera, 
the  ligameutum  pectinatiim  comes  away  with  them.  It  thus  shows  the  close 
interrelation  between  it  and  the  uvea,  a  relation,  moreover,  that  is  also  proved 
by  embryolog}',  according  to  which  both  the  ligamentum  {H3Ctinatum  and  ita 
derivative,  IXescemet's  membrane,  belong  to  the  uvea.  Uencc,  embryologically 
«peaking,  the  uvea  forms  a  perfectly  closed  hollow  sphere,  consisting  of  the 
chorioid,  ciliary  body,  iris,  ligamentum  pectinatum,  and  Descemet'«  membrane. 

By  stripping  off  the  uvea,  together  with  tlie  ligamentum  jiectinatum,  from 
the  comeo-sclcia,  an  opening  is  made  into  Sohlemro's  canal,  the  inner  wall  of 
which  is  formed  by  the  ligamentum  pectinatum.  It  is  then  visible  as  au  open 
chtonel  running  along  the  boundary  between  the  cornea  and  sclera — scleral 
channel.  Besides  this,  the  ligamentum  pectinatum  covers  in  a  part  of  the  an- 
terior surface  of  the  ciliary  body,  which  therefore,  within  these  limits,  like- 
wise belongs  to  the  region  of  the  anterior  chamber.  Hence  inflammatory  prod- 
QCto,  and  especially  pus  (under  the  form  of  hy]x)pyonl,  may  pass  from  tlie 
cUiaiy  body  directly  into  the  anterior  chamber,  traversing  the  tii^sue  of  the  lig- 
MSentiun  pectinatum  as  they  do  go.  New  growths  also  sometimes  take  this 
path,  starting  from  the  ciliary  t>ody  and  growing  forward  into  the  anterior 
chamber  in  the  region  of  its  sinus. 

It  was  a  good  while  before  people  got  a  correct  idea  of  the  anatomical  rela- 
tions existing  in  the  region  of  the  anterior  and  posterior  chamber,  and  even  at 
the  present  time  we  very  frequently  find  drawings  which  represent  these  rela- 
tions incorrectly.  The  existence  of  the  posterior  chamber  was  for  a  long  time 
oootflstcd,  it  being  sup]X)sed  that  the  iris  came  into  contact  with  the  lens  by  its 
whole  posterior  surface.  If  this  were  the  case,  the  anterior  chamber  would 
praaent  quite  a  different  shape,  since  it  would  have  to  be  much  deeper  at  ita 
periphery  than  it  is.  This  state  of  things  is  actually  observed  in  those  patho- 
logical cases  in  which  the  iris  is  adherent  throughout  by  means  of  an  exudat« 
to  the  capsule  of  the  lens.  The  iris  is  then  found  to  be  retracted  at  its  periph- 
ery much  more  than  usual  (see  Fig  601.  The  existence  of  a  j.>osterior  cham- 
ber is  the  normal  eye  can  be  demonstrated  by  freezing  a  recently  extracted  eye : 
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npon  opening?  it,  we  sec  a  rinp-shaped  jiiece  of  Ice  (the  frozen  liquid  of  the  pos- 
terior ciuunlx-rj  lying  between  iris  and  lens. 

(f)  Chorioid. 

59.  The  chorioid  *  is  that  part  of  the  uvea  which  lines  the  posterior 
section  of  the  eye  from  the  ora  »ernita  to  the  aperture  for  the  optic 
nerve.  If  we  observe  it  in  eitu,  after  opening  the  eyeball  and  removing 
the  vitreoDS  together  with  the  retina,  its  inner  surface  appears  emrtoth 
and  uniformly  brown.  Then,  if  we  try  to  strip  it  off  from  the  sclera, 
we  notice  that  at  several  spots  it  is  attiiclied  more  firmly  than  at  others. 
The  most  intimate  counootion  is  at  the  margin  of  the  aperture  for  the 
optic  nerve;  in  addition,  loose  attachments  exist  in  the  places  where 
TMsels  and  nerves  enter  the  ciiorioid  from  the  sclera,  and  especially  in 
tlie  region  of  the  posterior  pole  (region  of  the  posterior  ciliary  artt-ries) 
and  of  the  equator  (venie  vorticos»).  When,  after  tearing  away  these 
connections,  we  have  separated  the  chorioid  from  the  sclera,  we  get  a 
view  of  tlie  outer  surface  of  the  chorioid,  wiiich  has  a  shaggy  appear- 
ance on  iiccoiiiit  of  the  shreds  of  membrane  adhering  to  it. 

Microscopical  Anatomy. — The  chorioid  consists  of  five  layers,  which 
succeed  one  another  in  the  following  order,  proceeding  from  without 
inward : 

1.  The  suprachorioid  («,  Fig.  40)  consists  of  numerous  fine  non- 
vascular but  richly  pigmented  JjimcUae  lying  between  the  chorioid 
proper  and  the  sclera  (.*c).  Upon  stripping  those  latter  apart  those 
lamellae  are  torn  in  two,  and  are  left  hanging  partly  upon  the  inner 
surface  of  the  sclera,  partly  upon  the  outer  surface  of  the  chorioid, 
which  thus  acquires  the  rough,  shaggy  aspect  above  mentioned. 

2.  The  luyer  of  large  t^exsels  (Ilaller)  (//,  Fig,  49),  These  are 
chiefly  veins,  which  are  placed  very  close  to  each  other  and  anastomose 
repeatedly.  The  intervals  between  the  vessels  (intervascular  spaces)  are 
richly  supplied  with  pigment-cells  (/*),and  are  hence  of  a  brown  color. 
This  layer,  acconlingly,  gives  the  same  appearance  upon  a  surface-view 
as  if  we  were  looking  at  a  plexus  of  bright  lines  (the  vessels)  upon  a 
dark  ground  (Fig.  48).  This  is  a  picture  which  we  often  have  the 
opportunity  of  seeing  with  the  ophthalmoscope  in  the  living  eye  (tes- 
selated  fundus,  see  page  16  and  Fig,  OS). 

3.  The  layer  of  medium-sized  vegsel«  (Sattler)  (Fig.  49,  Ä),  which  is 
very  thin  and  but  slightly  pigmented. 

4.  The  lai/er  of  capillaries  {rhorio-capillaris,  or  membrana  Rityschii 
— although  it  was  not  discovered  by  Ruysch — R,  Fig.  49).    This  consists 


*  From  x«pM«<Mf — i.  (>•«  like  the  x^P*'"  (=  I^^-*  eorium).  This  latter  word  sig- 
ntfl«  "»kin,"  and  not  merely  the  epidermis,  but  also  the  envelope  (chorion)  of  the 
embryo  in  otcro ;  and,  in  fact,  it  is  the  Inller  that  the  chorioid  resembles,  from  ita 
abundant  supply  of  vessels.  This  wun\  'in  also  erroneously  written  choroid  or 
choroid. 
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almost  exclusively  of  capillaries  which  have  a  very  wide  bore,  and  at 
the  same  time  are  so  closely  packed  together  that  the  interspaces  be- 
tween the  capillaries  are  often  naJTower  than  the  capillaries  themselves. 
This  layer  contains  no  pigment. 

5.  The  lamina  tnirea  {G,  Fig.  49),  a  homogeneous  membrane  coat- 
ing the  inner  surface  of  the  chorioid. 

We  may  briefly  summarize  the  structure  of  the  chorioid  in  tho  fol- 
lowing way :    The  chorioid  consists  mainly  of  vessels  which  are  at- 
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Fio.  49.— Caoss-Becnoi«  tbhouob  th«  Chorioid.    Maonhfikd  175  x  1. 

The  chorioid  consist»  of  th<»  !Hjprac-hori<ii<J,  *,  the  J«jpr  of  largp  vt-wicJn,  //.  the  layer  of  medfiun- 
•ized  TeiWflM,  .S,  the  chnri(vca|>iüarfic,  R,  anil  the  loniina  vitrea,  O.  In  thi>  layer  of  lArps 
Tesselii  an-  rpcnjKiiiiable  art'irlr-s.  A,  I'l-itis.  V,  and  |>is:iiient-c('ll>t.  p.  The  iiuier  surface  of 
the  chorioid  i»  covered  by  the  pit;iiieQt-<>pitbelium,  /',  It«  t>uu?r  wirfAc«  by  the  oclera,  k. 


ranged  according  to  their  caliber  in  three  superimposed  layers,  in  such 
a  way  tlmt  the  largest  vessels  lie  farthest  to  tho  outside,  the  smallest 
vessels  farthest  to  the  inside.  Tho  purpose  of  this  arrangement  is 
easily  comprehended,  since  the  chorioid  is  in  great  part  designed  for 
the  nourishment  of  the  tissues  lying  to  the  inner  side  of  it  (retina  and 
vitreous).  Hence  the  minutest  veasels,  the  capillaries,  from  which  the 
nutrient  plasma  of  the  blood  exudes,  must  lie  upon  the  inner  surface 
of  the  chorioid.  The  vascular  part  of  the  chorioid  is  covered  on  either 
side  by  a  non-vascular  layer — i.  e.,  to  the  outside  by  the  supracliorioid, 
to  the  inside  by  the  lamina  vltroa.  All  the  layers  of  the  chorioid,  with 
the  exception  of  the  two  innermost  ones — the  capillary  layer  and  the 
lamina  vitrea — contain  pigment  inclosed  in  branched  pigment-cells 
(Fig.  50).  To  its  abundant  supply  of  pigment  the  chorioid  owes  its 
dark-brown  color.  The  inner  surface  of  the  chorioid  is  covered  by  the 
pigment-epithelium  (/*,  Fig.  49)  which  lies  upon  the  lamina  vitrea. 
This,  too,  was  formerly  reckoned  in  with  the  chorioid,  because  it  re- 
mains attached  to  it  after  the  retina  has  been  stripped  off ;  embryologi- 


ANATOMY  AND  PHYSIOLOGY  OP  THE  UVEA. 


247 


FlO.  SO— PlOMKHT-GEU.«  or  TH«  STROMA  or  TIP« 
Ckuriuid.    MAONincD  400  S(  1. 

Tbey  an»  hraiiched,  unastomoalDir.  ronnfwtivp- 
tl»«ut'  et- II».  Willi  nurnfn^uH  piKOieat-KrakDUlea 
auil  »a  unpigiDvnkHl  nuduus- 


cal  researches,  however,  have  shown  that  it  really  belongs  to  the  retina. 
It  consists  of  rfgiiliirly  hexagonal  colls,  each  of  which  lias  an  unpig- 
mented  nncleus,  wliile  the  pmtoplusm  contains  an  abundance  of  j)ig- 
nient-granuIe8(Fig.  51).  From 
this  the  entire  la^'cr  acquires  a 
ilark-brown  color. 

The  uvea  in  all  of  its  parts  is 
very  rich  in  nert'e^.  The  ciliary 
nerves  get  to  the  uvea  by  pierc- 
ing the  solera  near  its  posterior 
pole.  They  form  in  the  chorioid, 
and  particularly  in  the  ciliary 
muscle,  a  dense  plexus,  in  which 
numerous  ganglion-cells  are  in- 
teroalated.  The  iris  is  also  very 
rich  in  nerves,  but  contains  no 
gunglion-cclls.  The  iris  and  the 
ciliary  body  contain,  in  adilition 
to  the  motor  nerves  designed  for 
the  ciliary  muscle  and  tiie  muscular  apparatus  of  the  iris,  a  very  great 
number  of  sensory  nerve- fibers  which  arise  from  the  trigeminus;  hence 
inflammation  of  these  parts  is  frequently  attendwl  with  great  pain. 
The  chorioid,  on  the  contrary,  seems  to  possess  no  seTisory  nerves,  since 
inflammation  of  this  membrane  runs  its  course  without  producing  any 
sensations  of  pain. 

The  chorioifl  is  continuous  with  the  flat  part  of  the  oihary  body  «orhiculus 
ciiiarisV,  which  po<iH6«8os  csscntinlly  the  »anie  structure  uä  the  chorioid,  and  is 
distinguitthed  from  it  only  by  u  »omeuliat  different  arrangement  of  the  blood- 
vcsscIh,  and  Aim  by  th«  absence  of  the  rhorio-capillaris. 
which  ends  iil  the  ora  serrata.  The  difli-reiice  in  culor 
between  the  brown  cliorioid  and  the  black  orbicutua 
(Fig-.  48),  8o  striking  to  the  naked  eye,  i.s  not  n-ferable 
to  a  difference  iu  the  pigmentation  of  tiiis  part  of  the 
uvea,  but  to  a  difference  in  the  pignient-ejjilhelium 
which  covers  it  and  which  bcl-jnga  to  tiic  retina. 

All  the  pigment  containwi  in  sue!»  qiiatitities  in  the 
interior  of  the  eye  belongs  to  two  categoriex:  1.  Id  the 
tiiisue  of  the  uvea  itself  there  are  everywhere  found 
branched  cells,  of  the  character  of  the  connective-tissue 
cells,  containing  pigment  (Fig.  50).  There  are  the  jiig- 
ment-cells  of  the  stroma,  and  the  pigment  contained  in 
them  is  called  »troma  pv^ent,  or,  because  it  lie»  in  the  uvea  itself,  uveal  pig- 
ment. 2.  The  inner  surface  of  the  uvea  is  everywhere  coated  with  a  layer  of 
pigmented  cells,  belonging  to  the  retina  and  having  the  character  of  epithelial 
c«tl»  { pi^mmt-epil helium.  Fig.  51).  This  pignient.  which  hence  lie»  not  in  the 
uvea  hut  to  the  inner  side  of  it,  is  caUe<l  the  retina!  pigment. 

These  two  kinds  of  pigment  are   further  distinguished   by  their  minute 


Fio.  SI .— Piokkhtbd  Epi- 

THKUAL  CCU.S  or  -THK 
RCTIMA.  MAUNiriKO 
500  X  I. 

They  «rw  hoxAnri-kniil  epi- 
thelial «-•■Us.  tsidi  |>lc- 

unplgmentMl  ducIdus. 


JBVO 


DISEASES  OP  THE  EYE. 


ctructure.  The  pigment  in  the  »troma-cells  of  the  uvea  conslstij  of  fitnHll  iimor* 
phous  mass««;  but  the  pigment  grauules  in  the  cells  of  the  pigment  epithelium 
are  short,  rod-aba[ied  Rtructures,  which  ehould  prolMbly  be  regarded  as  small 
crystals,  such  as  occur,  very  distinctly  marked,  in  some  of  the  lower  vertebrat^jj. 
The  pigmentiferoUH  cells,  includiug  both  those  of  the  stroma  and  those  of 
the  pigment  epithelium,  are  similar  in  all  eyes,  but  the  amount  of  pigment 
which  they  contain  varies  greatly.  To  this  fact  is  due  the  ioequality  in  the 
pigmcntntioD  of  eyes;  if  the  cells  cootain  no  pigment  whatever,  the  eye  is 
albinotic. 


II.    ClRCrL-iTIOX    AXD    METABOLISM    OF  THE   UVEA. 

{(t)  Blood  -  Vesneh. 

60.  Three  systems  of  blood-vessels  exist  in  the  eye — that  of  the  con- 
junctiva, that  of  the  retina,  and  thnt  of  the  uvea  (ciliary  systcni  of  ves- 
sels). The  (irferie.^  of  the  ciliary  system  are  :  1.  The  posterior  ciliary 
arteries.  These  arise  from  the  oplithalmic  aitery,  and  enter  the  in- 
terior of  the  eye  through  the  scleni  in  the  region  of  the  posterior  pole. 
The  majority  of  them  pass  at  once  into  the  cliorioid  (short  posterior 
ciliary  arteries,  f,P,  Fig.  52).  Two  of  them,  however  (the  long  pos- 
terior ciliary  arteries,  rf,  Fig.  52),  run,  one  on  the  outer  side,  the  other  on 
the  inner  side,  between  chorioid  and  sclera  as  far  forward  as  the  ciliary 
mnscle  Hero  each  divides  into  two  branches,  which  nin  in  a  direction 
concentric  with  the  margin  of  the  cornea,  and  unite  with  the  branches 
of  the  artery  of  the  opposite  side  to  form  an  arterial  circle,  the  eirculus 
arteriosus  iridis  major  (Fig.  62,  A,  and  F'ig.  47,  a).  This  gives  off  the 
arteries  for  the  iris,  which  extend  radially  from  its  ciliary  to  the  pupil- 
lary margin  (Fig.  52,  i).  .Shortly  before  they  reach  the  latter  they  form 
hy  anastomoses  a  second,  smaller  vascular  circle,  the  eirculus  arteriosus 
iridis  minor  or  the  small  ciruk'tif  the  iris  (Fig.  52,  k).  2.  The  anterior 
ciliary  arteries  come  from  in  front,  arising  from  the  arteries  of  the  four 
recti  muscles  (Fig.  53,  f).  They  perforate  the  sclera  near  the  margin  of 
the  cornea  and  assist  in  forming  the  eirculus  arteriosus  iridis  major. 
The  short  posterior  ciliary  arteries  are  therefore  designed  mainly  for 
the  chorioid,  the»  long  posterior  ciliary  arteries  and  the  anterior  ciliary 
arteries  for  tlie  ciliary  body  and  the  iris. 

The  arrangement  of  the  veins  is  essentially  different  from  that  of 
the  arteries.  In  the  cliorioid  the  capillary  network  of  the  chorio-capil- 
laries  (Fig.  5"^,/)  is  fed  hy  the  arteries.  The  blood  from  this  Hows  off 
through  a  very  great  number  of  veins  thut  keep  uniting  to  form  larger 
and  larger  trunks,  disposed  in  groups  each  comprising  a  number  of 
Teins  which  tend  toward  a  common  center.  At  this  center  a  sort  of 
vortex  is  produced  by  the  veins  coming  together  from  all  sides  (Fig.  48 
shows  a  surface-view  of  two  such  vortices,  r).  These  vortices,  the  num- 
ber of  which  amounts  to  funr  at  least,  usually  more,  lie  somewhat  be- 
hind the  equator  of  the  eye ;  from  them  are  given  off  the  venas  vor- 
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In  the  ciliary  processes  the  arteries  break  up  into  a  great  cumber 
of  twigs,  which  pass  over  into  thin-walled  veins  {(/,  Fig.  5ä).  These 
constitute  the  greater  part  of  the  ciliary  processes,  which,  accordingly, 
consist  mainly  of  vesseli».  The  larger  veins  which  are  formed  by  the 
union  of  these  vessels,  and  also  most  of  the  veins  of  the  ciliary  muscle 
pass  backward  to  the  vense  vorticos«.  The  veins  that  come  from  the 
iris  (tp  Fig.  h'2)  likewise  pass  to  the  venae  vorticosae.  Hence  almost  all 
the  venous  blood  of  the  uvea  empties  into  the  latter.  A  portion  of  the 
veins  coming  from  the  ciliary  muscle  (»J,  Fig.  52),  liowever,  take  an- 
other course,  as  they  pass  out  directly  through  the  sclera  and  thus  come 
into  view  beneath  the  conjunctiva,  near  the  margin  of  the  cornea  (an- 
terior ciliary  veins,  Fig.  52,  <!,).  In  their  course  these  correspond  to 
the  anterior  ciliary  arteries ;  it  is  they  that  principally  constitute  the 
violet  vessels  which  we  see  running  backward  beneath  the  conjunctiva 
in  ciliary  injection  or  in  congestion  within  the  eyeball  (glaucoma). 
The  anterior  ciliary  veins  anastomose  with  the  conjunctival  veins,  and 
also  with  Schlemm^B  canal.  The  latter  is  a  venous  sinus  running 
along  the  sclero-conieal  junction  (Fig.  52,  n  ;  Fig.  47,  s). 

(b)  Lymph' Passages. 
61.  If  we  disregard  the  conjunctiva,  there  are  no  lymphatic  vessels 
in  the  eye.     They  are  replaced  by  lymph-channels  and  lymph-spaces. 
We  distinguish  the  lymph -passages  into  anterior  and  posterior. 

1.  Anterior  Liftiiph- Passages. — The  lymph  of  the  anterior  section  of 
the  eye  is  collected  into  two  large  lymph-spaces — namely,  the  anterior 
and  the  posterior  chambers — wliicli  communicate  by  means  of  the 
pupil.  The  outflow  of  lymph  from  these  spaces  takes  place  by  its  dis- 
charge from  the  posterior  chamber  through  the  pupil  into  the  anterior 
chamber;  thence  it  filters  through  the  mesh-work  of  the  ligameo turn 
pectiuatnm  into  the  subjacent  Schlemm's  caual  (Fig.  AS,  4^),  and  from 
there  gets  into  the  anterior  ciliary  veins  (c)  with  which  Schlemm's 
canal  is  in  direct  communication. 

2.  Posterior  Lymph- Passages. — These  are  as  follows :  (A)  The  hya- 
loid canal,  or  central  caual  of  the  vitreous  (Fig.  53,  />)»  which  extends 
from  the  point  of  entrance  of  the  optic  nerve  forward  as  far  as  the 
posterior  pole  of  the  lens.  During  the  development  of  the  eye  thia 
canal  lodges  the  hyaloid  artery,  which  in  the  fully  formed  eye  disap- 
pears, while  the  canal  remains.  It  has  its  outlet  in  the  lymph-spaces  of 
the  optic  nerve.  (B)  The  perichorioidal  space  (;>,  Fig.  53)  is  the  space 
between  the  chorioid  and  sclera.  It  is  continued  along  the  vessels  which 
pass  through  the  sclera,  especially  the  vente  vortieosne  (r),  and  thus 
communicates  with  (C)  Tenon's  space  (Fig.  53,  /,  /),  which  lies  between 
the  sclera  aud  Tenon's  capsule.  The  outflow  of  lynijih  from  all  these 
spaces  takes  place  into  the  lymph -passages,  which  spread  out  along  the 
optic  nerve.     These  latter  are  (Ü)  the  intervaginal  space,  which  is 
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found  beneath  the  shetiths  of  the  optic  nerve  (i,  Fig.  53),  and  (E)  the 
supravaginal  space,  which  surrounds  the  sheatlis  of  the  optic  nerve. 

By  far  the  greatest  amount  of  lymph  leaveg  the  eye  through  the 
anterior  lymph- passage».  These,  therefore,  arc  the  more  important ; 
their  impermeability  leads  to  serious  changes  in  the  eye  (glaucoma), 
while  up  to  the  present  time  nothing  certain  is  known  in  regard  to 
disturbances  of  the  function  of  the  posterior  lymph -passages. 
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Fio-  M.— Lthpb-Pabsaou  or  rax  Etx.    Scruatio. 

S,  Srhl^nim'»  cad»]  :  r,  antorior  ciliary  veins  -,  h,  hyaloid  caD&) :  p.  perichorioldal  spaoe,  which 
couimunlcaU^a  by  ni«*«!!]«  of  Ibu  veiuc  vorticotue.  r.  with  Ti'non's  ttpace,  (,  t ;  «.  supravatfiiial 
•p«co :  i,  intvrvs^iiial  «pace  ;  r  r,.  ■.■onUnuatioD  of  Tenoo'a  caijsuie  upon  the  tenduiui  u?  tb« 
oettlar  rauBelea  (.lateral  (uvatfiaaliou). 

The  blood-vessela  and  Ijinph-passages  of  the  eye,  the  abundunce  of  which 
corresponds  to  the  «ctive  metabolisai  going  on  in  the  oyebiill,  belong  for  the 
moflt  put  to  the  region  of  the  uvea.  It  is  this  fact  which  detrrinuu-M  the  part 
played  by  the  latter;  for,  while  the  firm  cornect-scleni  wrvcn  for  Un>  protection 
of  the  eye  evteriorly  and  tlie  retin»  for  tlu»  perception  of  liglit,  tu  the  uvea  i« 
allotted  the  task  of  providing  for  the  DOuri»hment  of  the  cycbDll.  Sueh  is  llie 
abundance  of  blood-vessels  which  it  contains  that  it  realty  consists  nminly  tif 
them-,  and  by  this  fact  its  great  teD<k'ncy  to  become  inflamed  is  nrcountcd  for. 

The  separate  branches  of  the  ciliary  system  of  vessels  Bnastoniose  repeatedly 
with  each  other — a  circumstance  which  favors  the  compensation  of  circulatory 
disturbance.     Thus,  for  Instance,  in  glaucoma,  in  wlücb  the  outflow  of  vcnoua 
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blood  through  the  vense  vorticosas  is  impeded,  -we  see  the  anterior  ciliary  veins 

taking  their  jtlace  and  carrj-ing  off  larger  quantities  of  blood  than  u^ual. 

Tilt"  ciliary  vessels  likewise  supply  the  sclera  with  blood,  giving  off  u  few 
njinutc*  twig»  to  it  a»  they  pass  through  it,  The  nunibi-r  of  lilood-vejiisel»  in  the 
selcm,  liowever,  is  very  small.  Neveretlieless,  in  the  immediate  neighborhood 
of  the  entrance  of  the  optic  nerve,  from  two  to  four  branches  of  tlie  short  pos- 
terior ciliary  arteries  enter  the  sclera  and  form  in  it  by  anastomoses  an  arte- 
rial ring,  Zinn"»  »eleral  circle  of  raufh^  surrounding  the  foramen  for  the  optic 
nerve.  Tliis  is  of  im]>ortance  for  the  nutrition  of  the  optic  nerve,  because 
numerous  little  branehea  go  from  it  to  the  optic  nerve  and  it^  »heaths,  and  anas- 
tomose with  the  branches  of  the  central  artery  of  the  nerve.  It  ia  here,  then, 
that  the  only  connection  hetwecu  the  ciliary  and  the  retinal  system  of  vessels 
exists. 

We  owe  our  knowledge  concerning  the  lymph- passages  chiefly  to  Bchwalbe. 
For  their  study  we  make  use  of  injections  into  the  tissue  of  the  dead  and  also 
of  the  living  eye.  Thus  we  find  in  what  directions  fluids  penctrat«  most  readily 
in  and  between  the  tissue«  of  the  eye.  Bui  to  justify  us  in  regarding  the  spaces 
tliud  exhibited  a."*  Iym]>h-pas3agea,  jiroof  miwt  alfio  be  brought  to  show  that  they 
are  coated  (13'  a  crmtinuoua  layer  of  endothelium;  and  this-,  too,  ächwalbc  has 
established  in  the  lymjih-spaccs  which  he  discovered. 


(*•)  Nourishment  nf  the  Eye. 

62.  The  secretion  of  the  fluids  of  the  eye,  and  also  the  nourishment 
of  its  tissues,  take  pliioe  mainly  lhroii|rh  the  vessels  of  the  uvea. 

The  nqueoiiH  humor  is  a  litnpid  liquid,  which  in  the  normal  state 
contains  only  an  excessively  small  amount  of  albumin.  It  is  produced 
by  the  iris  and  the  ciliary  processes,  the  latter  playing  the  more  im- 
portant part  in  (he  process;  for,  in  cases  of  congenital  or  acquired  defi- 
ciency of  the  iris,  the  aqueous  is  still  secreted  in  normal  amount.  The 
aqueous  secreted  by  the  ciliary  processes  arrives  first  into  the  posterior 
chamber,  from  which  it  enters  through  the  pupil  into  the  anterior 
cliamber.  Here  it  again  leaves  the  eye  by  way  of  the  ligamentum  pec- 
tinatum  and  Schlemin's  cauah  The  secretion  of  aqueous  appears  to  take 
place  quite  rapidly,  so  that  it  is  continually  renewed.  We  can  see  this 
from  the  quickness  with  which  any  abnormal  matter — e.  ^'.,  blood — con- 
tained in  the  anterior  chamber  disajipears  from  it.  Still  more  quickly 
does  the  secrctioti  uf  lUiueous  go  on  when  the  latter  has  been  evacuated 
— e.  g.,  by  puncture  of  the  cornea.  The  anterior  chamber  is  restored 
«8  early  as  a  few  iiiiuutes  afterward,  as  we  have  frequent  opportunity  of 
observing  during  operations.  The  ra])id  reprüduction  of  aqueous  is 
favored  by  the  fact  that  after  its  escape  the  ocular  tension  is  reduced 
much  below  the  norma!.  Hence  the  blood  pours  in  greater  quantity 
into  tlie  vessels  of  the  iris  and  ciliary  body,  thus  relieved  of  their  ex- 
ternal pressure,  and  these  exjiund  proportionally  and  allow  fluid  to 
transude  from  them  in  greater  abundance. 

The  cornea  is  nourished  mainly  by  the  network  of  marginal  loops 
of  the  limbus,  and  to  a  small  exteot  also  by  the  aqueous  humor  which 
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makes  its  way  into  it  by  diffusion.  The  other  two  non-vascular  tissne« 
of  "he  eye,  the  lens  and  the  vitremt»,  are  entirely  dependt'nt  upon  the 
uvea  for  their  nouriehment.  Tliey  obtain  nutrient  material  mainly 
from  the  ciliary  body,  perhaps  also  from  the  anterior  section  of  the 
chorioiJ.  Hence  in  diseases  of  these  parts  we  very  frequently  see 
cloudiness  of  the  lens  and  cloudiness  und  liquefaction  of  the  vitreous, 
making  their  appearance  as  an  expression  of  the  disturbance  in  the 
Dutrition.  The  process  of  tissue  nnetamorphosis  in  the  lens  appears  to 
be  very  slow,  since  pathological  changes  in  it  (opacities)  often  either  re- 
main stationary  for  an  exceedingly  long  tinio  or  extend  but  slowly.  The 
retina,  it  is  true,  has  its  own  vessels,  which,  however,  are  situated  sim- 
ply in  its  inner  layers  and  do  not  suffice  for  its  nourishment.  The 
retina,  therefore,  especially  in  its  outer  layers,  is  dependent  upon  the 
chorioid,  whose  chorio-capillaris  indeed  is  almost  direi/tly  adjoining. 
The  chorio-capillaris,  furthermore,  must  be  credited  with  accomplishing 
the  continual  regeneration  of  the  used-up  visual  ptjrj)le. 

(li)  Iiitrn-orular  Pressure. 

63.  For  the  purpose  of  simpiifying  the  study  of  the  conditions  of 
pressure,  we  may  leave  the  lens  oot  of  consideration,  and  think  of  the 
eyeball  as  a  capsule  filled  with  fluid.  The  enpanle  is  the  fibrous  cor- 
neo-sclera,  which  has  only  a  very  small  degree  of  elasticity.  The  fluid 
contained  in  the  capsule  exerts  upon  the  inner  surface  of  the  latter  a 
pressure  which,  in  accordance  with  the  laws  of  hydrostatics,  is  trans- 
mitted with  the  same  intensity  in  every  direction,  and  hence  presses 
with  the  same  weight  upon  every  unit  of  surface  of  the  wall.  A  square 
millimetre  of  the  posterior  surface  of  the  cornea  has  therefore  the 
same  pressure  to  bear  as  a  square  millimetre  of  any  portion  of  the 
sclera. 

The  intensity  of  intra-ocular  pressure  depends  upon  the  relation 
between  the  capacity  of  the  capsule  and  the  amount  of  its  contents. 
If  the  former  becomes  smaller  or  the  latter  greater,  the  pressure  rises, 
and  vice  versa.  Under  physiological  conditions,  the  capacity  of  the 
capsule — i.  e,,  the  volume  comprised  by  the  cornea  and  sclera — undergoes 
such  inconsiderable  variation  that  it  may  bo  neglected,  and  the  capacity 
regarded  as  constant.  The  variations  in  intra-ocular  pressure  are  hence 
referable  to  changes  in  the  amount  of  matter  contained  in  the  eyeball, 
which  may  be  increased  or  diminished.  For  example,  the  pressure  at 
once  sinks  considerably  when  the  aqueous  has  been  evacuated  by  punct- 
ure of  the  cornea- 

Those  portions  of  the  contents  of  the  eyeball  whose  amount  is  vari- 
able are  the  aqueous,  the  vitreous,  and  most  of  all  the  blood  that  circu- 
lates in  the  vessels  of  the  inner  tunics  of  the  eye.  Every  increase  or  de- 
crease of  blood-pressure  in  tliese  vessels  must  result  in  a  corresponding 
change  in  the  ocular  tension.     Other  causes,  too,  such  as  changes  in  the 


254 


DISEASES  OF  TUE  EYE. 


form  and  volume  of  the  iris  and  ciliary  muscle,  the  pressure  of  the  lids 
and  of  the  exterior  muscles  of  the  eye  ujwn  the  ball,  etc.,  can  alter  it. 
One  might  therefore  be  inclined  to  bolierc  that  it  was  subject  to  con- 
siderable variations.  But,  on  the  contrary«  observation  teaches  us  that 
the  intra-ocular  pressure  under  normal  conditions  is  pretty  constant. 
In  fact,  a  reguliition  of  the  tension  is  effected  by  the  circumstance  that 
the  outflow  uf  the  fluid  of  the  eye  through  the  Ijmph-channels  (excretion) 
changes  in  such  a  way  that  variations  of  pressure  are  at  once  compen- 
sated for.  For  example,  the  pressure  in  the  whole  vascular  system,  and 
conseqjiently  in  the  eye  as  well,  may  be  elevated  as  the  result  of  great 
muscular  effort.  The  iutra-ocular  pressure  is  thus  heightened ;  but 
proportionately  more  of  the  intra-ocular  fluids  which  are  subjected  to 
this  increased  prcs.snre  are  forced  out  of  the  eye  through  the  excre- 
tory channels,  so  that  the  pressure  very  soon  sinks  again  to  its  normal 
level.  The  converse  would  occur  in  a  case  in  which  the  pressure  has 
been  diminished  (e.  g.,  in  consequence  of  an  escape  of  the  aqueous 
humor) ;  then  more  blood  flows  into  the  vessels  of  the  uvea,  now  sub- 
jected to  less  pressure,  and  a  more  oojnoua  outflow  of  fluids  into  the 
interior  of  the  eye  (secretion)  is  the  result.  But  at  the  same  time  the 
outflow,  of  ocular  fluids  through  the  lymph-channelB  (excretion)  is 
diminished,  because  the  pressure  to  which  the  ocular  fluids  are  sub- 
jected is  hm.     In  this  way  tlie  normal  pressure  is  very  soon  restored. 

The  practical  estimation  of  the  tension  of  the  eye  is  performed  by 
palpating  the  eyeball  through  the  closed  lids,  just  as  if  we  were  inteud- 
itig  to  test  for  fluctuation.  Even  under  normal  conditions  the  ocular 
tension  varies  within  curtain  limits  in  different  individuals;  in  general, 
the  eyea  of  elderly  persons  feel  harder  than  those  of  the  young.  Hence 
very  slight  pathological  changes  of  tension  can  only  be  recognized  with 
certainty  as  morbid,  when  wo  can  make  use  of  the  second,  normal  eye 
of  the  same  man  for  purposes  of  comparison ;  greater  alterations  of 
pressure,  however,  make  themselves  evident  at  once.  It  has  been 
agreed  to  denote  the  normal  tension  by  the  expression  Tn  (T=  tension 
or  tone).  Of  inrreased  tension  (hypertonia)  we  distinguish  three  de- 
grees: T-\-\,  7'+ a,  and  T-f-S,  which  are  arbitrarily  selected,  and 
indicate  approximately  :  tension  noticeably  increased — greatly  increased 
— hard  as  stone.  Siuiilarly.  we  employ  for  diminished  tension  (hyfK>- 
tonia)  the  designations  T  —  1,  T—  '2,  and  7*  —  3. 

The  intra-ocular  jjressure  plays  an  important  part  both  under  phvsiological 
conditions  and  also  in  diseases  r>f  th«-  eye,  and  has  hence  been  the  subject  of 
numermis  investigations,  chiefly  experimental.  For  its  exact  measurement  a 
manometer  has  been  employed,  one  arm  of  which  is  connected  with  a  csnnida, 
the  other  being  introduced  Into  the  eye.  In  this  way  it  has  been  found  that  in 
the  healthy  human  eye  the  avenige  pressure  espials  that  of  a  column  of  mercury 
twenty-six  millimotTes  high  ;  under  pathological  conditions  (glaucoma)  the 
preamue  nuy  exceed  seventy  niillimetroH  (Watilfors).     This  method  of 
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urement,  however,  is  pnicticallj  inapplicable  on  ancount  of  its  being  dangerous 
for  the  eye.  Tonometere  of  various  construction  have  th<>r«'fori;  been  devised, 
which  measure  the  intra-ocular  pressurt'  by  boinj^  simply  placed  upun  the  eye 
and  impinging  against  it  *,  but  noav  of  tlietie  inatniments  have  &o  far  found 
their  way  into  practice. 

In  the  a«sumj>tion  ul>ove  rande,  that  the  eyeball  is  represented  by  a  capsule 
filled  with  liqui<L,  the  leas  and  its  retaining  ligatueut,  the  zonula  of  Zinn,  are 
left  out  of  considenilion.  These  two  together  form  a  diaphragm  dividing  the 
interior  of  the  eyeball  into  a  »mailer  anterior  and  a  litrger  iK)«tcrior  section. 
It  is  hi.'ncc  possible  that  the  preBsure  is  not  the  same  throughout  the  whole  in- 
terior of  the  eye,  aa  ih  assumed  above,  but  that  its  action  is  differeut  in  the 
anterior  chamber  from  what  it  is  in  the  cavity  of  the  vitreous,  since  the  dia- 
phragm bears  a  \M\n  of  the  pressure.  Under  ordinary  circumstance»,  to  be 
sure,  this  is  not  the  case,  since  the  zonula,  owing  to  its  elasticity,  gives  way 
toward  the  aide  of  leas  pressure,  and  hence,  in  general,  the  pressure  in  all  parts 
of  the  eye  may  be  regarded  «us  eciually  great.  Nevertheless,  a  diflerence  in 
pressure  may  Im;  devciojicd  when  the  zonula  is  tightly  stretched,  us  is  the  caae, 
for  example,  immediately  after  the  evacuation  of  the  nqueou.s,  when  the  lens 
pushes  forward  to  the  cornea  and  so  tightens  the  zonula.  Then  the  pressure  in 
tlie  anterior  chamber  is  practically  nothing,  while  the  pressure  in  the  vitreous 
maintains  a  certain  height.  In  (his  case  the  difference  in  pressure  induces  in- 
creased filtration  of  fluid  from  the  vitreou.s  in  the  anterior  chamber — a  circum- 
stance which  contributes  to  the  more  speedy  replenishment  of  the  chamber,  and 
at  the  same  time  causes  the  liquid  which  collect«  again  to  be  more  albuminous 
than  that  which  has  been  evacuated.  In  this  way  is  the  fact  accounted  fur  that 
even  in  the  dead  eye  the  anterior  chamlier  fill»  up  again  within  a  short  time 
after  the  aqueous  has  been  evacuated,  this  being  effected  by  means  of  the  fluid 
that  pa.sse8  into  it  from  the  vitreous  (Deutschmann).  Repeated  punctures  of 
the  anterior  chamber,  therefore,  cau.se  more  rapid  tissue-metaninrpliosis  in  the 
vitreous,  and  hence  prove  u.*cful  in  many  cases  of  disease  of  the  lutter. 

With  regard  to  the  nourishment  of  the  Inu,  it  is  assumed  that  nutrient 
material  .starting  from  the  ciliary  body  and  the  anterior  part  nf  the  chorioid 
enten»  it  in  the  region  of  its  equator.  Inside  of  the  lens  the  fluid  circulatca 
probably  in  clefts  which  lie  between  the  fibers  of  the  lens  in  the  anterior  and 
ponterior  cortical  layers,  and  which  utidtT  pathological  conditions  may  become 
visible  as  stellate  opacities.  The  lymph  Leaves  the  lens  probably  througli  the 
anterior  capsule  and  empties  into  the  anterior  chamber  (Hamelsohn).  This  is 
conjectured  from  observations  of  which  I  will  adduce  one  made  by  myself.  A 
locksmith's  apprentice  had  a  small  fmgment  of  iron  pass  through  his  cornea  into 
the  lens.  No  inflummafion  resulted,  but  an  opacity  of  the  lens  developed,  and 
this  gradually  assumed  a  yeliowisli-green  color.  This  wius  referable  to  the 
gradual  oxidation  of  the  iron  fragment  and  to  the  dilTusion  of  the  o.\idc  thua 
formed  throiigliotit  the  lens.  Then  a  circle  of  rust-colored  ])oints,  correspond- 
ing approximately  to  the  margin  of  the  dilated  pupil,  formed  u[»on  the  poste- 
rior surface  of  the  anterior  capsule.  We  may  conclude  from  this  that  the  liquids 
circulating  in  the  lens  usually  left  the  latter  at  these  points,  and  in  so  doing 
carried  with  them  comparatively  large  (juantities  of  the  iron  oxide,  which  be- 
came fixed  in  the  lens  capsule. 

As  regard»  the  rrtSnn,  various  fact«  indicate  that  it  is  likewise  dependent  in 
port  for  its  nourishment  upon  the  chorioid,  and  particularly  upon  the  most  an* 
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taifor  hjtr  of  »be  latter — i,  e.,  the  chorio-capUUris.  This  Uitw  eitead»  for- 
ward only  as  far  M  the  retina  itself,  or  at  least  its  complicated  «truuture«  docs — 
that  ia,  aa  far  as  the  on  senata.  Again,  at  that  spot  where  the  retina  dispLajfl 
its  faadkna  nMMt  activel j — i.  e. ,  io  the  region  of  the  macula  lute» — the  capQlarj 
loop*  of  llie  dkOtioid  are  must  densely  disposed ;  and,  lastlv,  tliere  are  maaj  am- 
mala  ia  which  the  retina  has  no  vessels  whatever,  and  hence  evideati}'  can  be 
aooridted  only  bj  the  chorioid.  The  outflow  of  Ijmph  from  the  tcdna  takes 
place  through  the  Ijmph-sheaths  surrounduig  the  retiiuil  reaBeis. 


IIL  Participatiok  op  the  Uvea  ik  tue  Visual  Act. 

S4.  The  iris  forms  a  diaphragm,  which,  as  in  the  case  of  manj  opU- 
tail  iu^tniments,  is  interposed  between  the  refracting  portions  of  the 
«je.  It  has  a  double  task  to  perform  :  it  prevents  an  exce£siTe  amount 
of  light  from  entering  the  eye  and  so  dazzling  it  and  injuring  the  retina, 
and  it  cuts  off  the  marginal  rays.  If  these  rays  that  pass  through  the 
periphery  of  the  cornea  and  of  the  lens,  and  which,  being  less  regularly 
refracted,  would  impair  the  sharpness  of  the  retinal  image.  In  order 
to  be  perfectly  impermeable  to  light,  the  iris  has  a  pigment-layer  on  its 
posterior  surface.  The  iris  has  the  advantage  over  the  artificial  dia- 
phragms of  optical  instrument«  that  its  size  is  variable  and  can  be 
adapted  to  circumstances.  For  this  purpose  there  exist  contracting 
fibers  (sphincter  pupill«)  and  dilating  fibers  (posterior  limiting  mem- 
brane). Moreover,  the  vessels  of  the  iris  mu^t  be  considered  as  also 
taking  part  in  this  process,  since  by  their  distention  the  iris  becomes 
broadened  and  the  pnpil  consequently  contracted,  and  vice  versa. 

The  contraction  of  the  pupil  is  governed  by  the  oculo-motor  nerve, 
which  supplies  the  sphincter  pupilliB  (and  also  the  ciliary  muscle) 
through  the  ciliary  ganglion  and  the  ciliary  nerves.  By  stimulation 
of  the  ocnlo-motor  nerve,  contraction  of  the  pupil  is  produced ;  by  its 
section  or  paralysis,  dilatation  of  the  pupil. 

Dilatation  of  the  pupil  is  dependent  upon  the  sympathetic,  which 
derives  the  fibers  destined  for  the  pupil  from  the  cilio-spinal  center  of 
the  cervical  spinal  cord.  Irritation  of  this  center  or  of  the  cervical  sym- 
pathetic prwhices  dilatiition,  and  paralysis  of  it  contraction  of  the  pupil. 

The  reaction  of  tlu^  pupil  takes  place  involuntarily  and  uncon- 
sciously. It  is  either  reflex,  in  which  case  the  stimulus  is  transmitted 
from  centripetal  nerve-channels  to  the  nerves  of  the  iris,  or  it  is  asso- 
ciated, in  which  case  the  pupillary  fibers  of  the  oculo-motor  nerve  are 
89t  into  action  siniultunoonsly  witti  otlier  fibers  of  the  same  nerve. 

The  stimulus  t<i  rij!cx  reaction  of  the  pupil  is  set  in  action — 

1.  By  li(/ht.  This  produces  contraction  of  the  j>upil,  while  con- 
versely in  th(»  ihiik  lilt)  pii|Hl  dilutes.  The  reflex  arc  in  this  case 
pusses  throujjh  the  nptio  norv«  to  the  niioUnis  of  the  oculo-motor  nerve 
and  along  tho  ltittt>r  to  the  ovo.  'iMio  reaction  for  light  always  affects 
both  oye« — i.  o.,  if  the  U;j;lit   falls  into  one  eye  alone,  the  pupil  of  the 
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other  eye  also  always  cootmcts  (consensual  reaction).  The  reaction 
tAkes  place  in  both  eyes  in  exactly  the  same  way — that  ia,  appears  at 
the  same  time  and  reaches  the  same  pitch.  The  reaction  of  the  pupil 
to  light  is  exceedingly  sensitive,  and  is  employed  with  great  advantage 
to  determine  objectively  whether  an  eye  has  any  sensation  of  light  or 
not  (particularly  in  children,  malingerers,  etc.). 

2.  Toward  ae/Lwri/  stimuli,  no  matter  what  part  of  the  body  they 
affect,  the  pupil  reacts  by  dilating.  Hence,  in  deep  eleep,  and  also  in 
profound  narcosis,  in  which  seuaory  slinmli  no  longer  produce  reflexes, 
the  pupil  is  very  much  continicted,  dilating,  however,  the  moment  that 
waking  from  the  sleep  or  from  the  narcosis  occurs.  Strong  psychic 
stimuli — e.  g.,  fright — in  like  ftishiou  produce  dilatation  of  the  pupil. 

The  associated  reaction  of  the  }»upil  always  coiiüists  of  a  contrac- 
tion.   It  occurs — 

L  In  convergence  (synergy  with  the  internal  recti). 

2.  In  cu:cominodation  (synergy  with  the  ciliary  muscle).  Since 
under  physiological  conditions  every  act  of  accommodation  is  accom- 
panied by  a  corresponding  convergence,  and  the  contraction  of  the 
pupil  keeps  pace  with  both,  we  have  here  as  a  regular  tiling  a  uniform 
consentaneous  action  of  the  sphincter  piipilla\  the  ciliary  muscle,  und 
the  internal  rectus.  These  muscles  are  all  supplied  by  the  oculo-motor 
nerve,  so  that  their  associated  action  depends  upon  a  simultaneous 
excitation  of  those  bundles  of  fibers  of  this  nerve  which  supply  them. 
This  simultaneous  excitation  in  facilitated  by  the  fact  that  the  groups 
of  gHnglionic  cells  from  which  these  three  bundles  of  fibers  arise  lie  in 
immediate  juxtaposition  in  the  brain — that  is,  in  the  most  anterior  part 
of  the  oculo-motor  nucleus  (see  Fig.  54,  and  jj  Vi'i). 

Since  the  pupil  reacts  to  stimuli  of  so  many  kinds  and  varying  so 
greatly  in  degree,  it  is  in  a  state  of  constant  motion.  It  oscillates  on 
both  sides  of  a  mean  width,  which  is  always  the  same  for  both  eyes. 
Inequality  of  the  pupils  is  always  a  pathological  phenomenon.  The 
mean  width  of  the  pupil  differs  with  the  individual  and  also  alters  with 
the  age.  Very  greatly  contracted  in  new-born  infants,  the  pupil  soon 
becomes  more  dilated,  and  then  becomes  smaller  again  in  manhood, 
and  still  more  in  old  age.  In  old  people  also  the  reaction  of  the  pupil 
becomes  sluggish,  in  consequence  of  the  unyielding  character  of  the 
tissue  of  the  iris,  and  especially  of  the  sphincter  (rigidity  of  the 
sphincter). 

65,  Reaction  of  the  Pupil  to  Poisons. — There  is  a  series  of  alka- 
loids which  produce  either  dilatation  uf  the  pupil  (mydriasis)  or  its 
contraction  (miosis).*    These  substances  are  accordingly  distinguished 

♦  From  iut»t9ii,  pontroction:  heiipo  miosis,  and  not  inyosi»,  ta  it  is  generally 
itton  (nirsfjhJxTg).    The  rlerivnlicm  of  /aOpiaini  is  une«<rtain.    This  word   waa 
already  used  l>y  (he  ancient«  to  signify  dilatiitioa  of  the  pupil,  and  also  the  blind- 
n«a  that  was  so  fruqucntly  associated  with  it 
17 
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into  mydriatics  and  miotics.  They  always  act  npon  the  ciliary  muscle 
in  the  same  muuner  as  upon  the  sphincter  iridis.  The  meet  important 
of  the  mydriatics  is  atropine,  the  most  important  of  the  miotics  are 
eseriue  and  pilocarpine. 

1.  Atropine  paralyzes  the  sphincter  and  the  ciliary  mnscle,  and 
henoo  resalts  in  diUtation  of  the  pnpil  and  also  in  inabilitj  to  aee 
clearly  near  by.  The  dilatation  of  the  pnpil  is  a  maximnm  one.  If, 
in  the  c»se  of  a  dilatation  of  the  pupil  caused  by  ocnlo-motor  paralysis, 
atropine  is  ini$tilled,  the  pupil  becomes  still  more  dilated.  This  proves 
that  atropine,  be«ide^  producing  jiaralysis  of  the  contracting  fibers, 
eames  also  stimulation  of  the  dilating  fibers.  The  effect  of  the  atro- 
pine makea  its  aj>pearanoe  in  from  ten  to  fifteen  minutes  after  the  in- 
stillation, and  0OOU  reaches  it^  maximum.  Commencing  with  the  third 
day  it  begins  to  decrease  again,  bat  does  not  disappear  completely  antil 
after  the  lapse  of  a  week.  The  instillation  of  atropine,  therefore,  causes 
the  patient  a  disturbance  of  pretty  long  duration,  and  hence  should  be 
«nployed  only  when  there  is  good  reason  for  it. 

In  practice,  a  one-per-cent  solution  of  salphatg'  of  atropine  ia  most 
fnispieutly  employed.  If  it  is  desired  to  obtain  a  parUciüarly  intense 
offect,  a  granule  of  the  atropine  salt  in  Bobatanoe  is  placed  in  the 
oonjuQcUval  sac,  where  it  is  dissolved  by  the  tears,  and  affords  a  con- 
centrated solution.  In  this  case  we  must  be  on  the  lookoat  for 
qrnptoois  of  general  poisoning,  which  do  not  cHUtoarUj  develop  with 
'^e  iaatilhitfon  o(  the  bne-per*cent  solution.  Tbeee  symptoms  consist 
in  a  troablesone  «ease  of  dryness  in  the  throat,  nausea,  reddening  of 
tba  fiMAi  and  aibaeqnently  faintneas,  or  ev«a  loss  of  coDscioasness,  and 
■eeeleratiott  of  the  pitlse.  In  case  of  marked  poisoning  also  the  pnpil 
of  the  other  eyv,  which  has  not  been  treated  with  atropine,  is  dilated. 
The  (louoning  is  effected  bj  the  entrance  of  the  atropine  into  the  nose 
•long  vith  the  tean  «id  its  ahsoq»tioa  in  exoesBtve  quantity  by  the 
Maal  nmoom  membraaoi  Henoe  we  may  pndade  the  devidopment  of 
pobaBcww  snaptooaa,  espaemlly  in  applying  atropine  in  nhstance,  by 
prevrnting  the  tears  frx»m  running  down  into  the  nose.  For  this  por- 
poee  we  draw  the  lower  Ud  for  a  ^oit  time  away  from  the  eTebail,  so 
that  the  lean  «re  poured  o«t  opoii  the  dieek,  or  we  compras  the  lach- 
tfmiX  «ae  with  the  8ng»r.  In  srrions  cases  of  poBooiag,  a  sahontane- 
Q«t  U^jectaoo  of  morphine  is  indicated  •&  the  anttdote. 

We  are  noi  I»  oonoett«  of  the  action  of  aUoptne  npon  the  pnpil  in 
the  «me  Ught  m  if  it  hod  got  hy  ahaorftion  into  the  circulation,  aa 
is  the  oiM  when  it  is  administwed  iatenally.  For  ia  thia  case  the 
pupils  sfi  both  eTM  wvMtki  neoeiaarilT  he  dilated,  while,  as  a  matter  of 
Iwlk  the  dilamion  of  the  papU  ooen»  oaly  on  the  öde  in  which  the 
iMtUlstioa  haa  heea  madok  The  actio«»  «epowltngly,  ia  a  h»cal  one,  and 
takes  pboe  from  the  atr^^pine  passsany  ths««gh  the  oorma  fay  diffn»on 
•ad  felting  into  the  ai|t«WMW  hamor  «o  as  to  act  diraetly  npoa  the  iris. 
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We  caa  prove  this  by  a  simple  eiperimont,  by  dropping  atropine  into 
one  eyo^  and,  as  soon  as  the  pupil  has  dilated,  evacuating  the  aqueous 
by  paracentesis.  If,  then,  this  aqueous  is  intro<luced  into  the  other 
eye,  it  excites  a  dilatation  of  tlie  pupil  in  the  latter — a  proof  that  it  con- 
tains atropine.  In  a  similar  way  is  the  action  of  the  other  mydriatics 
and  miotics  upon  the  iris  to  be  explained. 

2.  Eserine  (also  called  physostiymine)  has  an  action  exactly  the 
opposite  of  that  of  atropine,  since  it  places  the  iria  and  the  ciliary 
muscle  in  a  state  of  tonic  contraction.  Consequently,  miosis  develops 
so  that  the  pupil  ig  about  the  size  of  a  pin's  head,  with  adjustment  of 
the  eye  for  the  ucur  point,  as  if  mtirked  myopia  were  present.  Wc 
generally  apply  sulphate  of  eserine  in  one-per-cent  solution.  This 
solution,  when  freshly  prepared,  is  colorless,  but  after  some  days  be- 
comes red,  allhougli  without  losing  its  activity.  The  instillation  of 
eserine  produces,  simultaneously  with  the  changes  in  the  iris,  a  feeling 
of  great  tension  in  the  eye,  and  often  also  headache  and  even  nausea, 
so  that  with  many  persons  it  can  not  be  employed.  For  this  reason 
hydntchloridc  of  pilocarpine,  prescribed  in  a  one-  to  two-per-cent  solu- 
tion, is  recommended  as  a  miotic  for  ordinary  use.  Its  solution  keeps 
better  than  that  of  eserine,  and  does  not  act  as  powerfully  as  the  latter, 
but  is  not  accompanied  by  any  unpleasant  complications.  Eserine  is 
best  resen'ed  for  those  cases  in  which  pilocarpine  is  inolTectuiil. 

The  action  of  miotics  is  of  shorter  duration  than  that  of  the  mydri- 
atics, and  is  also  less  powerful.  Hence  a  pu])«l  contracted  by  eserine  or 
pilocarpine  c^n  be  dilated  by  atropine,  but  a  pupil  dilated  by  atropine 
can  not  bo  contracted  by  a  miotic. 

3.  Cocaine  dilates  the  pupil,  and  hence  would  seem  to  call  for  men- 
tion in  this  place,  although,  strictly  speaking,  it  does  not  belong  to  the 
mydriatics  proper — that  is,  the  dilatation  of  the  pupil  by  cocaine  is  not 
produce*],  as  in  their  case,  by  its  action  upon  the  contracting  or  the  di- 
lating fibers  of  the  iris,  but  by  a  contraction  of  the  blood-vessels  of  the 
iris.  The  dilatation  of  the  pupil  is  therefore  only  a  moderate  one,  and 
the  reaction  of  the  pupil  to  light  persists;  moreover,  mydriatics  and 
miotics  still  produce  an  effect.  If  cocaine  is  instilled  into  an  eye  the 
pupil  of  which  has  been  dilated  by  atropine,  the  dilatation  increase« 
somewhat  in  consequence  of  the  anfemia  of  the  iris  which  then  ensue-s; 
hence  the  mydriasis  produced  by  the  simultaneous  action  of  atropine 
and  cocaine  is  the  most  considerable  that  can  possibly  be  attained. 
The  accommodation  is  not  paralyzed  by  cocaine,  but  only  somewhat 
weakened. 

Besides  acting  upon  the  iris,  cocaine  produces  also  the  following 
effects:  The  conjunctiva  becomes  very  pale,  and  at  the  game  time  the 
patient  has  a  feeling  of  cold  in  the  eye.  The  palpebral  lissurc  is  more 
widely  oj^en  and  the  act  of  winking  is  less  frequent,  so  that  the  cornea 
may  readily  become  dry  upon  its  surface.     Sometimes  the  eye  is  pro- 
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fniilnil  «(ininwlmt  forward,  ftiitl  tlie  intra-exailar  tension  slightly  dimin- 
UlHnl.  'I'lui  jii'miticull}'  important  phenomenon,  however,  is  the  »uses- 
thuHiii  nhivwii  liy  lhi<  aupcrÜfial  tissues  of  the  eye  (cornea  and  con- 
junrtivn). 

The  i>lTi'ct«  uf  cocaine  ure  In-st  explained  upon  the  assumption  that 
it  RcUi  tu  u  stiiiuthutt  to  thu  fibers  of  the  sympathetic.  The  contraction 
of  the  ve.si(ols  thus  proihioed  causes  the  paleness  of  the  conjunctiva,  and 
all»«)  tho  dimiimtion  in  sixo  of  the  iris.  The  contraction  of  the  superior 
»nd  inferior  palpebral  muscles  (see  §  106)>  which  arc  also  supplied  by 
tho  itym^mthetic,  is  the  cause  of  the  dilatation  of  the  palpebral  fissure. 
Whether  tl»o  unnsthosw  of  the  surface  of  the  eyeball  is  to  be  referred 
to  its  bloodU«  «tetoor  not,  hius  not  yet  been  determined  with  certainty. 
Owing  tu  tills  anwsthesia  the  rellex  movements  of  the  lids  are  abrogated. 

Oo<mino  wm  intrtxlneed  into  ophthalnkolog}*  by  Koller,  and  is  em- 
ploftd  under  the  form  of  the  hydrochloride  in  a  two-  to  five-per-cent 
MÜntion.  Ita  most  frequent  use  is  to  produce  anesthesia  for  the  per- 
formance» of  operations  (wv  §  152) ;  in  addition»  it  is  instilled  to  atne- 
Ikoml«  Ute  \>tän  in  attporfieial  inflaminatkww,  «specially  of  the  cornea, 
an4  al«>  to  diminish  pholopkobw  aad  bfaplnrospasin.  It  may  also  be 
MAptoyMl  to  dUat«  Um  pupil  for  examinaUon  with  Uie  ophthalmoeoope. 
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by  its  diaclofliDg  in  the  pupils  of  both  eyes  (through  the  coDsensual  reaction) 
the  porcfptioii  (if  light  by  one  eye.  How  is  this  consensiml  reaction  efft-cted  ? 
From  thf  ri-tiiia  of  fach  eye  (e.  g.,  the  right  eye,  H,  Fig.  54)  fibers  pass  through 
the  chiasn]  jxartly  inlu  the  right,  partly  ioto  the  left  optic  tract  (Fig.  54,  7"  and 
Ti).  From  thew  tlie  stiinuliis  in  Iruii.suiitted  directly  to  l>oth  right  and  left 
oculo-mntor  ouclcua  (/T  and  Ki)  ;  then  each  nu(;leus  sets  up  a  rontraclion  of 
the  pupil  on  its  own  side.  The  con.sen.tua!  reaction,  therefore,  is  really  as  direct 
as  is  the  pupillary  reaction  of  the  illuminated  eye  itself. 

The  connection  l>etween  the  oeulo-inotor  nuclei  of  the  two  eide»  furthermore 
serves  to  maiutuin  the  simultaneity  of  their  action.  The  result  of  this  iä  that  under 
normal  conditioii.H  both  |>upil.H  mu.st  be  of  equal  diameter,  even  if  only  one  of  the 
eye»  ia  exposed  to  the  impjict  of  light,  or  if  the  sensitiveness  of  the  two  eye«  to 
light  is  dilTerent.  Inequality  of  the  pupils  (anisocorin)  \a  always  pathological. 
For  the  reasons  given  it  can  never  take  its  origin  from  the  centripetal  fiber« 
(optic-nerve  fiberts),  but  is  always  caused  by  a  disturbance  in  the  centrifugal 
cbaoneLs  (oculo-motor  ner\*e  and  its  center). 

In  testing  the  iKTceptioti  of  light  by  the  reaction  of  the  pupils,  we  must  not 
lose  sight  of  the  fact  that  there  arc  case»  in  which,  although  the  perception  of 
light  is  present,  the  reaction  is  absent;  and,  conversely,  cases  in  which,  with 
good  reaction,  there  is  yet  no  {KTception  of  light. 

(ii)  The  case»  in  which  the  [uipil  does  not  react  to  light,  although  the  per- 
ception of  light  is  present,  are  frcqvient.  The  iris  may  be  paralyzed  either  arti- 
ficially by  mydriatics,  or  by  disease,  such  os  oculo-motor  {Miralysis  or  paralysis 
of  the  nerves  of  the  iris  due  to  increase  of  tension  or  to  inflammation.  In  the 
same  category  belong  those  caswrs  in  which  the  iris  is  mechaiiioilly  prevented 
from  moving  by  adhesions  to  the  posterior  capsule  of  the  lens  or  to  the  cornra. 
In  all  these  caries,  however,  consensual  reaction  of  the  pupil  takes  jilace  in  the 
other  eye,  provided  that  that  is  healthy.  The  test,  for  the  perception  of  light 
in  .such  a  case,  then,  would  be  performed  by  alternately  expoMng  to  light  and 
screening  the  eye  to  Iw  tested,  and  meanwhile  watching  the  pupil  of  the  otiier 
eye  for  any  movements  that  it  might  make.  The  absence  of  the  reaction  to 
light  can  also  be  caused  by  an  intcrniption  in  the  course  of  the  reflex  arc. 
This  occurs  in  spinal  diseases,  and  mm^t  of  all  in  tabes  dorsalis.  In  these  cases 
the  jjupil  is  cither  found  to  1m-  ]>erfi'rtly  immobile,  or  its  reaction  for  nceiimmo- 
dation  and  convergence  is  retaiuiHl,  while  the  reaction  for  light  hiis  disupfteared 
(Argyll-Robertson  phenomenon).  In  the  latter  case  the  reflex  arc  running  from 
the  optic  nerve  to  the  oculo-motor  nucleus  is  interrupted  (in  Fig.  54,  some- 
where bctw€^en  S  and  K — e,  g.,  at  m),  while  the  connections  of  the  centers  for 
the  pupil,  for  accmmnidation,  and  for  convergence,  w  Inch  adjoin  each  other  ju 
the  oculo-motor  nucleu.s  are  iindisturlfcd.  The  reflex  irnmobitity  of  the  pupil 
In  tttl)es  dorsalis  is  genenilly  combined  with  a  marked  contraction  nf  the  puinl 
(so-called  spinal  miosis),  but  it  alsu  is  found  at  times  with  a  nonnall}-  wide  or 
even  with  a  dilated  pupil. 

(fi)  It  also  hap]>ens  that  the  reaction  of  the  pupil  to  light  is  present,  with- 
out there  being  any  perception  of  light.  This  occurs  when  the  lesion  is  situ- 
ated high  up  in  the  optic  tract.  The  fibers  of  the  optic  nerve  ascend  to  the 
cerebral  hemispheres  and  terminate  in  the  cortex  of  the  occipital  lobe  (i?,  Fig. 
54 1.  But,  some  time  before  this  takes  place,  those  fibers  {m)  of  the  reflex  arc, 
which  pass  to  the  center  for  the  pupillary  movement!«,  branch  off  fnim  the 
optic  tract.     If,  then,  the  optic  tract  is  interrupted  above  the  place  where  thoy 
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FlO.   54.— SCHKXATIO  REPKKaKSTATION  OF  TRB  OPTIC  TlUCI«, 

The  flfid  of  Tlslon  «uininon  to  thi'  two  fre«  Is  ttimposfd  of  a  rl^ht  half,  /.  i   >  '      •    O,. 

Thi>  formi-r  eorn'Kpc^iiitK  t<j  the  Ml  half./  tiud  (j.nf  tlie  two  rf  tlnw,  ü  .ht 

half,  !•  aud  ij,    Tin-  luniiidttry  betwci-n  tht.<  two  halrt-N  nt  tlw  rt-linii  in  f'<  _  '«J 

luoiidiiui.  Till»  p«a»«-s  IhruiiKlt  the  UnA-a  i-i'ulrali»,  /,  in  whioh  th««  vbtiial  liuv«  Jrawu  fwit» 
the  fIXMt  point, /*.  impiiiKf  iipdn  Ihe  rptiiin  The  opllr  niTTe-niiei-s  ari^lnf;  rrom  the  rlfcht 
hAir,  r  ana  r,,  of  Ihe  two  reltiw?  linrlieatetl  liv  the  dult<-(i  llae»  nil  pate  into  the  rifchi  optic 
traft,  T.  while  the  fllwrs  IwlonpinK  to  thi-  lefl"  half,  (  ami  (,,  of  the  two  retin»  pan  into  Ibe 
Iff!  nittip  triic-t.  T,.  TIih  MIht«  nf  eau-h  t>|itic  Imcl  for  the  most  jmrl  pAm  to  tlie  cortex  of  the 
oo<'lpll.al  IoIm-,  H,  fortiiinK  tiraliolfi  h  oplic  ruiliatlon,  S;  the  »mafler  portion  of  them,  m, 
fCoes  to  the  oLMilo-iiioLor  iiiicleiig,  K.    Tnis  «-»iiKiKtN  of  a  series  of  |jart{al  J)im  •>* 

anterior  of  whh'h  sfiuls  tlbers.  1',  Ui  the  {niplj  (sphjrirler  Iridis);  the  next  one  -  .1. 

to  th«  muscle  of  acviininifxlntiiin  ;  and  the  Ihlixl  si-ivds  fillers,  C.  to  the  coin'  ■■iv 

(internal  rectus,  i).    All  tlin-e  luindlvs  of  dher»  run  to  the  eye  in  the  truiii  io- 

niolnr  nerve,  fV,     iJlrfelon  nf  the  optk  tract  (it  o«  or  nt  pe  prodnoes  riifhi  hin  I  in 

the  former  case  there  would  I«»  ntj  reaction  to  lT(fht  on  llJuniinathiK  the  leti  i   ■  m.^t 

retliiik  T>iri((icin  of  the  cldtLsin  nf  »»  prodnc«.-«  tenijxirnl  henili>tiii«.  Dlrialon  of  llie  tlttis.  m, 
aboliwheH  Die  reoelirin  iiT  the  pn]id  to  liK'ht.  fiid  leaves  the  Might  and  ai«0  the  ItHftled  coP- 
tractlua  of  the  pupi]  lu  act^onituodalioei  and  egnverj^euoe  unaJFTectod. 
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flex  is  still  regularly  produced.  The  Barne  thing  would  happen  if  the  cerebral 
cortex  itself  were  through  Home  lesiou  incuiHtcitated  for  performing  it«  func- 
tions. Such  case»,  iu  which  IHiijJnei«  exists,  even  though  the  exuniiuation  of 
the  eye  gives  ncgiitive  retiults  and  the  reaction  of  the  jnipil  to  light  is  preserved, 
are,  to  be  sure,  very  rare,  si»  that  under  these  circumstances  our  fir>(t  thought 
would  be  of  simulation,  and  we  would  examine  for  this  first. 

In  general,  the  pupil  dilates  upon  the  application  of  sensory  stimuli  An 
exception  to  thi.s  ruk?  ia  when  the  «timtili  net  with  intensity  upon  the  eye  itself. 
In  this  case  the  pupil  rontract«,  and  does  so  in  consei]U<.'nce  of  the  hypenemia 
of  the  iris  pro«lu('e<l  by  the  stimulu«  (sec  «j  67).  Tlu'  pnpiJ  also  reacts  with 
great  sensitiveness  to  Htiiiiuli  which  slart  fronj  tlie  central  orgjin»  of  the  ncTVou« 
system — its  roaftinn  usually  taking  the  form  of  dilatation.  Hence  the  Ix-havior 
of  the  piifiil  plays  an  important  [wrt  in  the  diagnosis  of  diseases  of  the  brain. 
A  difference  in  the  size  of  the  pu|)ils  is  very  frequently  found  in  the  subjects  of 
mental  disease. 


AtroptM  is  such  an  efficient  mydriatic  that  exceedingly  small  quantities — 
the  millionth  part  of  a  gramme— suffice  to  dilate  the  pupil.  Sometimes  all 
that  is  necessary  for  us  in  order  to  get  n  dilatation  of  oiu-  own  pupils  is  to  instill 
atropine  into  another  jK-rson's  eye,  and  in  so  doing  tnuisten  our  fingers  and  then 
through  carelessness  (ouch  our  own  eyes  with  them.  Dilatation  of  the  jnipil  may 
also  l)e  produced  by  the  internal  use  of  atropine  or  of  dnigs  which  ci>ntain  it. 
The  most  frcipient  r)rciirr(int'e  of  this  sort  is  when  pitionts  wlio  take  belladonna 
internally  complain  of  being  dazzled,  and  of  not  seeing  well  near  by  in  their 
work.  We  find  in  such  cases  moderate  dilatation  of  the  pupil  and  diminution 
in  the  power  of  accommodation. 

With  many  people  there  exists  an  intolerance  of  atropine.  Tliia  manifcsta 
itself  in  various  ways  :  (a)  By  the  development  of  toxic  symptoms,  such  as 
dryness  in  the  throat  or  nausea,  with  even  small  dose».  This  is  es[)ecially  apt 
to  occur  after  the  long-continued  use  of  atropine,  (ft)  By  the  production  of  a 
catarrh  (atropine-catarrh),  which  is  usually  characteriied  by  the  fonuution  of 
numerous  follicles.  Here,  again,  a  pretty  long-continued  use  of  atrojMne  is  re- 
quired to  produce  the  effect,  (c)  In  many  persons  a  single  droji  of  atropine  ia 
enough  to  bring  on  marked  redness  and  swelling  of  the  lids,  looking  like  an 
attack  of  erysipelas.  In  these  and  similar  ca.ses  the  atropine  mu.st  either  be 
simply  abandoned,  or  be  replaced  by  another  mydriatic,  according  to  circum- 
stances. Among  the  other  mydriaticj*  that  we  are  acquainted  with  are  homalro- 
pine,  duboisine  (also  called  hyoscyamine),  hyoscine.  and  gelscmine.  Ilyoscine 
acts  the  most  powtTfully — even  more  powerfully  than  atropine — but  as  it  pro- 
duces toxic  symptoms  even  more  readily,  it  is  employed  only  in  exceptional 
cases.  Of  the  alknloi<ls  mentioned,  only  two  are  at  all  in  frequent  use.  namely, 
duboioine  and  homatropine.  Sulphate  of  duboiaine  acts  like  atropine,  and  is 
employed  instead  of  it  in  those  cases  in  which  the  latter  is  not  tolerated. 
HtmuttropiiU!  hydrobromide  has  a  feebler  and,  what  is  most  importJknt,  a  less 
enduring  action  than  atropine,  its  effects  lasting  for  scarcely  more  than  about 
five  hours.  It  is  hence  a  valuable  agent  when  a  transient  dilatation  of  the 
pupil  for  purposes  of  examination  of  the  eye  is  all  that  is  required. 

Among  miotics,  pihtntrftine  in  particular  is  employed  for  many  different  pur- 
poses and  by  two  entirely  different  method« — locally  by  instillation  into  the 
eye,  oud  internally  in  the  Bhuf>e  of  a  hypodermic  injection.     In  the  first  way  it 
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is  much  employed  for  contracting  the  pupil,  and  especially  for  diminishing  the 
intra-ocular  pressure  in  glaucoma.  In  its  subcutaneous  application  it  produces 
great  diaphoresis  and  salivation,  for  which  reason  it  exerts  a  powerful  effect  in 
furthering  the  resorption  of  pathologicul  exudations.  Hence  it  is  employed  in 
this  way:  1,  In  violent  acute  itiflomuiatioiiss  especially  in  iridocyclitis  and  in 
retrobulbar  neuritis;  2,  for  clearing  up  recent  opaoitiea  of  the  vitreous;  3,  in 
detachment  of  the  retina.  It  i^  contra-indicated  in  pregnancy,  and  also  in  heart 
troubles. 

Bolli  the  mydriatics  and  the  miotics  may  be  introduced  into  the  eye  in  the 
form  of  an  ointment,  inüteud  of  in  solution.  Small  gelatin  disks  containing  « 
certain  (quantity  of  the  iilkuloid  are  also  raude,  which,  when  introduced  into  the 
conjunctival  sac,  become  dissolved  and  so  develop  their  activity. 

What  effect  do  mydriatics  and  miotics  exert  upon  the  intra-onihrr  jnesturt  * 
So  far,  obser^'ers  have  rot  arrived  at  concordant  results  in  regard  to  this  mutter, 
but  at  least  this  much  lias  been  proved  by  experiment«,  that  in  the  healthy  eye 
the  alkaloids  cause  only  very  iii.«ignif5cant  variations  of  tension.  The  ca«3  is« 
altogether  different  when  elevation  of  tension  exists,  or  there  is  a  tendency  to 
it;  then  8lro[>ine  may  rai^o  the  tension  very  con.siderably,  whilu  eserine  and 
pilocarpine  noticeably  diwiui»h  it. 


The  function  of  the  ciliary  body  is  twofold,  inasmuch  as  it  consists  of  Ute 
cilirtry  ]troccs.ses  and  the  ciliary  muscle.  Tlie  former,  on  account  of  their  abun- 
diint  supply  of  vessels,  afford  nutrient  material  for  adjacent  structures,  like  the 
vitreous  nnd  the  lous«,  and  secrete  the  aqueous  humor.  The  ciliary  muacle  pre- 
sides over  accommodation  (see  §  140).  It  acts  in  harmony  with  the  Bphineter 
pnpillic,  and,  like  it,  is  paralyzed  by  mydriatics,  thrown  into  spasm  by  miotics. 

The  function  of  the  eJiorioiii  is  likewi.se  chiefly  that  of  a  nutrient  organ  for 
the  retina,  vitreous,  and  lens.  The  chorioid  takes  part  more  directly  in  the  act 
of  vision,  inasmuch  as  it  supplics  the  visuul  puiple,  and  also  because  its  pigment, 
together  with  tiit*  pigment  epithelium,  forms  the  dark  coating  of  the  interior 
of  the  eye. 

IV.  Development  of  the  Eye. 
66.  The  eye  develops  from  an  invagination  which  forms  on  boil» 
sides  of  the  first  cerebral  vesicle.  This  iuvagiuation,  which  is  called 
the  primitive  ocular  vesicle  (Fig.  55  „4,  a),  remains  in  connection  with 
the  cerebral  vesicle  by  mettns  of  a  pedicle,  which,  at  first  broad,  after- 
ward more  narrow»  becomes  subsequently  the  optic  nerve.  Its  surface 
is  covereil  by  the  ectoderm  {E E),  which  shows  a  thickening,  c,  at  a 
point  corresponding  to  the  summit  of  the  ocular  vesicle.  This,  the 
first  germ  of  the  lens,  becomes  folded  upon  itself  by  reason  of  the  more 
rapid  growth  of  the  ectoderm  at  this  spot,  and  forms  an  everted  pouch 
directed  toward  the  ocular  vesicle  {L,  Fig.  55  b).  This  pouch  after- 
ward becomes  shut  in  in  front  so  as  to  form  a  closed  sac,  the  lens 
vesicle.  The  lens  is  accordingly  an  epithelial  structure,  being  a  deriva- 
tive of  the  external  germinal  layer,  and  in  the  beginning  consists  of  a 
hollow  vesicle,  which  afterward  becomes  filled  up  by  the  growth  of  ito 
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cells  and  is  converted  into  a  solid  sphere.  In  proportion  as  the  ecto- 
derm at  the  site  of  the  primitive  lens  puslics  against  the  ounliir  vesicle, 
the  surface  of  the  latter  is  indented,  and  at  length  gets  to  ho  completely 
invaginated.  Thus  a  flask-shaped  structure  with  double  walls  is  formed 
out  of  what  was  once  a  round  sack  («,  a,  Fig.  55  B).  This  is  called 
the  »econiianj  ornfar  vesicle,  which  is  hence  ttie  primitive  ocular  Tesicle 
that  has  been  invaginated  and  thus,  so  to  speak,  redujilicnted.  From 
the  ocular  vesicle  is  subsequently  formed  the  retina,  wliich  thus  must 
be  looked  upon  as  an  isolated  portion  of  the  brain  itself.  'J'he  oxU^rior 
and  interior  layer  of  the  secondary  ocular  vesicle  become  differentiated 
early.     The  exterior  layer  (j?,  Fig.  55  B)  takes  up  pigment,  and  eub- 


Fio.  BÖ.— SümeiiArKi  RaraRtunrrATioir  or  tbk  DrrKLOftfEirr  or  thk  Et«. 

A,  EAIU.IBR  Htaob.    Th«  piinilUve  iKnilor  vesicle,  a,  la  ii  protrusion  from  tlM>  flrst  cerpbrAl  vc«l- 

cl««,  b,  from  whioh  It  Is  aeparat^l  by  a  sholl'iw  ttmBt-rlction.  It  (■  surruuutied  by  the  cell»  of 
Ihn  inetuNlerm.  M.  and  at  Us  mimniit  in  Hlig'btJy  iuiient«^  by  a  Ihielceiilnj;,  t,  of  Um  eaio- 
Ai-nn,  KK. 

B,  Latiir  S^taol     Tht"  M^fwimfinn  nf  Iht-  ociiliir  vt-atcle.  an,  has  a(lvan(-f<)  »•  far  that  It  is  COD- 

nrdetl  with  tin-  lirnin  nnly  by  n  «U-iiflrr  ^«lu-le,  r>,  wlili-b  siibMfiiicutly  ((♦•tiiiiies  the  optic 
jHTve-  The  <>fular  v«-f.ioli'  Ik  Lxiiivi-rtnl  dy  1hi>  isinkine  In  of  it»  anteriiif  «vail  Into  a  ttosk- 
«hnr»*«!  stnictiiri'.  nhii-li  has  two  nallo,  an  anterior  thlrlc  wall,  r,  and  a  pont^rior  thin  one,  p. 
From  the  thickeDiug  of  the  rcttxlenii,  K  E,  the  len»-vesicle,  L,  baa  been  fomied.  H,  incs<> 
tirrni. 

sequently  becomes  the  pigment-epithelium,  which  therefore  is  rightly 
counted  in  with  the  retina.  The  interior  layer  (r)  soon  gets  to  surpass 
the  exterior  one  considerably  In  thickness;  its  cells  acquire  a  radial 
Arrangement  and  develop  into  the  retina  proper.  The  anterior  margin 
of  the  ocular  vesicle,  whore  the  two  layers  become  continuous,  corre- 
sponds to  the  margin  of  the  pupil  in  the  fully  develop^-d  eye  (Fig.  5C). 
From  the  exterior  layer  are  formed  the  pigment-epithelium  of  the 
chorioid  and  the  ciliary  body  (c,  Fig.  5G),  and  also  the  more  anterior 
(«,)  of  the  two  layers  of  pigment  upon  the  posterior  surface  of  the 
iris.  The  interior  layer  forms  the  retina  (r) ;  farther  forward  it  forms 
the  non-pigmented  stratum  of  cells  of  the  pars  ciliaris  retinae,  covering 
the  ciliary  body  (C),  and  lastly,  quite  in  front,  it  forms  the  posterior 
»beet  of  the  retinal  pigment-layer  of  the  iris  (r,). 
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At  tho  time  wlien  l!ie  indenting  of  the  ocular  vesicle  by  the  lens 
tjikes  place,  the  ktter  completely  fills  the  cavity  of  the  vesicle,  no  vitre- 
ous as  yet  existing.  This  latter  is  essentially  connective  tissue,  and  is 
derived  from  the  mesoderm,  which  surrounds  the  ojihthalmic  vesicle 
(Fig,  55,  }f),  and  which  makes  its  way  into  the  interior  of  the  latter 
through  au  opening — the  fatal  ocular  fi»s  tire — in  its  lower  side.    Even 

as  early  as  the  time  when  the 
■ff  ocular   vesicle    is  undergoing 

invagination  in  the  form  of 
a  flask  we  notice  that  at  its 
lower  side  the  wall  of  the  flask 
is  not  as  high  or  as  protuber- 
ant as  elsewhere  (Fig-  55,  B)^ 
and  that  in  one  spot  it  is  al- 
together deöeieut.  Here,  then, 
a  tissure-likedefoctexists  in  the 
wall  of  the  flsisk  (Fig.  57,  *), 
a  defect  which  is  continued 
backward  upon  the  pedicle  of 
the  ocular  vesicle  (the  optic 
nerve)  in  tlie  form  of  a  furrow 
(Fig.  57,  .«,).  Through  this 
fissure  the  mesoderm  gradually 
grows  from  tlie  outside  into 
the  interior  of  the  eye,  push- 
ing its  way  in  between  the 
retina  and  the  lens,  separating 
them  from  each  other,  and 
itsi'lf  becoming  transformed 
into  the  vitreous.  Subsequent- 
ly the  margins  of  the  fissure 
unite  so  that  the  eye  again 
forms  a  closed  vesicle.  The 
vitreous  is  thus  cut  off  from 
its  connection  with  the  por- 
tions of  llie  mcRoderm  which 
lie  without,  and  which  produce  the  tiveaand  the  sclera.  The  channel  in 
the  optic  nerve,  which  represents  the  contiiuuitiüu  backward  of  the  ocular 
fissure  (Fig.  57, .«,),  is  also  filled  in  by  meeodernial  tissue.  "When,  then, 
the  margins  of  the  channel  afterward  become  united  in  the  same  way  as 
is  the  case  with  the  üssure  in  the  eyeball  itself,  tliis  tissue,  which  is  de- 
rived from  the  mesoderm,  is  shut  up  within  the  axis  of  the  optic  nervo, 
and  retains  none  of  its  former  connections  save  those  existing  anteri- 
orly with  its  continuation,  tire  vitreous.  This  tissue  afterward  develops 
into  the  central  vessels  (Fig.  56,  c)  of  the  optic  nerve  with  their  en- 


FlO.  i56.— SCHBKATIC  SkCTTIOK  THHorOB   AH  EMBRT- 

rj.Nic  Kte.    ArrER  ScHWAi^nE. 

The  external  envelope  of  the  eye,  forniMl  hy  th'> 
mefuxterrn,  t^nsists  of  the  i-ornea,  U,  and  the 
united  aulem  diid  cborioid.  CS*.  AI  the  juiK-lii>n 
of  C'.S  ftoil  W.  two  projoctions,  th«  Iris,  i.  ami  th« 
ciliary  IkmIv,  C.  extend  lutJi  the  interior  of  the 
eve.  The  «'condary  ocular  vi>*icl<»  whit-h  ia  in- 
cloaed  within  th«*»«  eiivela|x?a  comsiKlH  iif  two 
layera.  the  retina,  r.  nnri  i\w  plijiiieut-epirhe- 
lium.  e.  These  two  exteiiil  forward  on  fnr  ns 
the  (»«t^rior »urfaw  uf  ttic  irin,  win-rti  tliey  fi>riu 
Ihe  finterlor  layer,  Cj,  an  J  tlie  pfiMterinrloyer,  r,, 
of  tlw.'  retinal  piirnient  of  ihf  iris.  Piwteriortv, 
the  iODer  iHVer  ulone  In  i-ontiiiiieil  \nUt  ihe  oplW 
nerve,  O.  "the  cent™!  artery  of  the  njrtle  nerve, 
c,  ^ive«  off  vess«>ls,  ft,  to  the  mjter  layers  of  cho 
vitreous,  ;;,  and  then  continnes  it«  course  as  the 
arterift  ceuiralis  etirporl»  vitrei,  f,,  to  th«  jm«- 
terior  (wle  of  Ihe  lenK,  L.  Thens  it  breaki«  up 
into  ihe  l>rorie1ieK of  tlie  vn-^'ular  iietworlj  whieli, 
as  the  riietnlirana  ragisulariA,  ni,  oovers  ihi-  ])os- 
l^riiir  surface  and  a.Htlie  pupiilnr}'  meuibrane,  p, 
the  «ute.rior  surfaoe  of  the  lean. 
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velope  of  connective  tissue,  and  these  are  continued  forward  into  the 
vitreous  as  the  vessels  of  the  latter.  The  vessels  in  the  embryonic 
eye  are,  in  fact,  disposed  as  follows :  The  branches  of  the  central 
artery  of  the  optic  nerve  spread  out  in  the  outermost  layers  of  the 
vitreous  (Fig.  oO,  Ä),  and  afterward  become  the  retinal  vessels  lying 
in  the  innermost  layers  of  the  retina.  One 
branch,  however,  of  the  central  artery,  the 
arteria  centralis  corporis  vitrei  or  arteria 
hyuloidea,  runs  straight  forward  through  the 
vitreous  to  the  posterior  pule  of  the  lens, 
lying  in  the  central  canal  of  the  vitreous 
(canalis  Cloquoti,  c„  Fig.  56).  Arriving  at 
the  posterior  pole  of  the  lens,  it  divides  into 
brunches  which  form  a  vascular  network  en- 
veloping the  entire  lens.  That  portion  which 
coats  the  posterior  surface  of  the  lens  is 
called  the  menihraua  eapsularis  (ro,  Fig. 
All).  In  the  place  where  the  hitter  passes 
over  to  the  anterior  surface  nf  the  lens  new 
vessels  join  it,  derived  from  the  anterior  sur- 
face of  the  iris  (i).  These  arise  from  the  circulus  arteriosus  iridis 
minor  and  pass  over  the  e«lge  of  the  pupil  to  the  vascular  membrane 
which  incloses  the  lens,  and  which,  in  tlie  region  of  the  pupil,  bears 
the  name  of  tho  menibrana  pupillaris  (/>).  Among  the  vessels  pass- 
ing from  {he  iris  to  the  lens  are  also  veins  which  must  provide  for  the 
transportation  of  the  venous  blood  from  the  entire  vascular  membrane 
of  the  lens,  including  both  the  niemhrana  pupillaris  and  membrana 
eapsularis,  since  there  is  no  vein  corresponding  in  coui-sc  to  the  hya- 
loid artery. 

The  chorioid,  sclera,  and  cornea  are  developed  from  the  mesoderm 
which  envelops  the  ocular  vesicle.  The  iris  grows  out  from  the  ante- 
rior margin  of  the  chorioid. 


Fm.  fi7.— Schematic    RepiuaKii- 

TATtON    or    THR    FtBTAL    FU- 
BrRK   OP  THE   EtE. 

Tile  llask'filmptMl  «tnirture,  a, 
f(intiiuir  thi"  cyi-  lin*  nn  It« 
uiuWt  Aldi»  th<>  fietal  HiJinirr, 
*.  which  ia  cniitiiiiiei!  uixxi 
th»"  optio  nfrvf  iw  »n  np<-n 
tffoovff,  x,  ;  <i  fai  nlninst  en- 
lir«-!/  filled  by  the  lens,  L. 


CHAPTER   V. 


DISEASES  OF  THE  ISrs  AND  OF  THE  CTUART  BODY. 


I.  Inflammation'. 

67.  The  iris  ami  the  ciliary  body  form  a  continuous  whole»  inasmuoh 
as  the  iris  springs  from  the  ciliary  body ;  both,  moreover,  are  supplied 
by  the  same  blood-veasela.  It  is  hence  quite  easy  to  understand  that 
both  organs  are  very  frequently  diseased  at  the  same  time.  Unmixed 
ioftamnmtion  of  the  iris  (iritis)  or  of  the  ciliary  body  (cyclitis)  is  rare; 
in  most  cases  we  have  to  do  with  a  combination  of  the  two  (irido- 
cyclitis). For  practical  reasons,  however,  it  is  advisable  first  to  de- 
scribe the  symptoms  of  iritis  and  of  cyclitis  separately,  and  then  show 
what  sort  of  clinicjil  picture  is  produced  by  their  combination. 

Symptoms  of  Iritis. — The  symptoms  of  iritis  are  partly  referable  to 
the  hypenemia  of  the  iris,  partly  to  the  formation  of  exudation. 

Hfptrwmtia  «f  tk«  iris  manifeets  itself  chiefly  by  the  discolorfttion 
whi^  caiww  A  Uoe  or  gray  iris  to  appear  greenish — a  change  which  is 
particalarly  striking  when  comparison  is  made  with  the  iris  of  the 
oUmt  «J«,  in  onse  this  is  healthy.  In  dark  eyes  the  discoloration  is  less 
proQonnotd.  SoHNliiMa»  with  the  aid  of  a  magnifying-gtaas,  we  can 
deariy  distingtiish  the  separate  dilated  blood-vessels  under  the  form 
of  red  strijB  or  ttUK^ula^  The  other  changes  found  concern  the  papil, 
which  ia  contracted,  and  does  not  react  as  well  as  osnaL  The  ooQtrao- 
tka  is  a  necessary  resnh  of  tbe  ditaiation  of  the  iris  throogh  the  in- 
enaasd  faUneas  of  tb«  vsassh;  beadea,  tlMra  is  a  sfmam  of  tiie  sphincter 
prodnced  by  the  irritation.  For  theae  reasons  the  reaction  of  the  iris 
to  Ught  »  diminisbod,  and  atropine  also  nets  less  promptly  and  lees 
thoronghhr.  The  hyperamua  of  the  iris  is  aoooaspanied  by  ciliary  in- 
jection, phalophabia,  and  inerense  of  the  k^irTmal  aeentMm. 

The  syptoaw  of  oongastion  jaat  described  may  exid  by 
scItys  withont  ninpUima  ^  «xadnlion,  in  which  ctte  we  do  not 
of  iritu,  bnl  miaks  of  hyporpwm  iiidla.    This  b  ubsaml  as  a 
of  the  same  «atmas  aa  iritis  üself«  in  caae  the  irritatkm  is  not 
enangh  to  pfonoke  adaal  inflamuatiott.    Pare  hypenemia  of  the  iris 
is  aosl  fWyently  aeea  in  oormoI  affsctioaa,  and  panknlariy  in 
«f  smiS  «lean  or  foraagn  bodies  in  the  cornea.    Hyperamua  of  the 
pswrided  it  is  not  the  pracsusm  of  an  iritis,  dissppaars  withont  Isntni 
a^y  latrting  trnoes  of  its  pieaeocu 
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Exudation  takes  place  partly  into  the  tissue  of  the  iris  itself,  partly 
into  the  surrounding  cavities,  the  anterior  and  posterior  cliambers,  and 
ifl  accordingly  characterized  by  varying  symptoms  : 

1.  Exudation  into  the  tissue  of  the  iris  makes  the  latter,  as  it  is  filled 
with  an  abundance  of  round  cells,  appear  swollen  and  thicker  than 
nsaal.  The  discoloration  is  still  more  pronounced  than  in  simpile  hype- 
rsemia,  the  distinct  markings  of  the  anterior  surface  of  the  iris  being 
obscured.  A  factor  that  contributes  to  this  obscuration  in  many  cases 
is  the  deposition  of  an  exudation-membrane  covering  the  anterior  sur- 
fac-c  of  the  iris  {d,  Fig.  3G).  It  is  easy  to  understand  that  the  rigid 
and  swollen  iris  should  react  but  iusufljcicntly  to  light;  the  pupil  is 
greatly  contracted. 

2.  Exudation  into  the  anterior  chamber  manifests  itself  first  by 
turbidity  of  the  aqueous,  in  which  numerous  exudaliun-cells  are  sus- 
pended. The  turbidity  is  best  recognized  ujjon  the  d:irk  batkgrotind 
of  the  pupil,  which  in  this  case  looks  gray  iustcaxl  of  being  a  jture 
black.  Gradually  the  formed  constituents  floating  in  the  aqueous  sink 
to  the  bottom  of  the  chamber,  where  they  form  a  hypopyon,  (For 
more  precise  particulars  see  page  I3G.)  When  there  is  very  great 
hyperaemia,  rupture  of  the  blood-vessels  in  the  iris  may  take  place  with 
an  extravasation  of  blood,  which  also  sinlts  to  the  bottom  of  ihe  ante- 
rior chamber  (hyplnema). 

The  exudate  is  often  precipitated  from  the  aqueous  upon  the  ante- 
rior surface  of  the  capsule  of  the  lens  (e.  Fig.  3»J),  where  it  is  usually 
continuous  with  the  above-mentioned  exudate,  which  covers  the  ante- 
rior surface  of  tlie  iris.  If  tliis  exudate  becomes  organized,  a  membrane 
is  produced  which  closes  the  pupil  and  is  connected  with  the  pupillary 
margin  of  the  iris  (o,  Fig.  öü).  This  is  called  a  pupillary  membrane, 
and  the  condition  thus  brought  about  is  called  occlusin  pupill<9.  It  is 
evident  that  this  condition  must  result  in  a  very  consideruble  impair- 
ment of  vision. 

3.  Exudation  poured  out  into  the  posterior  chamber  is  not  accessi- 
ble to  direct  observation,  but  manifests  itself  only  by  the  adhesions 
which  it  causes  between  the  iris  and  the  capsule  of  the  lens  {posterior 
synechia).  These  adhesions  principally  develop  at  the  spot  where  the 
iris  and  the  capsule  of  the  lens  are  in  contact — i.  e.,  at  the  pupillary 
margin.  They  form  at  the  time  when  the  iritis  is  at  its  height,  and 
when,  therefore,  the  pupil  is  greatly  contracteil.  When,  after  the 
iritis  has  run  its  course,  the  pupil  tends  to  resume  its  usual  mean 
width,  this  is  only  possible  over  the  area  in  Avhich  the  pupillary  margin 
has  remained  unattached.  The  portions  which  are  adherent  to  the 
capsule  of  the  lens  can  not  retract,  but  project  toward  the  center  of 
the  pupit  under  the  form  of  tine  or  coarse  dentations.  The  pupil  thus 
acquires  an  irregular  shape  which  is  still  more  obvious  if  atropine  is 
instilled ;  for,  as  the  iris  then  retracts  strongly  at  its  unattached  por- 
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tioiiB,  tlio  Byiiechiie  st4ind  out  in  the  clearest  possible  way  («  and  J,  Fig. 
58),  Atroiiinu  is  hoiioo  a  very  viiluable  agent  for  the  diagnosis  of  pos- 
torior  syneeliia*. 

Fn  the  fontmtion  of  jrosterinr  flynecliia?,  it  is  not  the  stroma  of  the  iris, 
Imt  tJu'  luy»"r  of  rottiuil  pigment  {//,  Fig.  47)  covering  its  posterior  surface, 
that  beooinoB  adherent  to  the  capsule  of  the  lene.  When  the  iria  tends 
tti  i?oiitruft.  the  pigment  layer  is  held  back  at  the  points  of  adhesion,  and 
ifl  tlutH  oxpost'd  (o  view  more  extensively  than  usual,  llenee  in  dilata- 
tion of  the  pupil,  espiecially  by  atropine,  the  tags  jutting  out  into  the 
pupil  look  hniwn.  From  the  traction  exerted  by  the  iris,  rupture  of  the 
«yntichiii«  may  result.  This  sometimes  is  effected  spontaneously  by  the 
triu'tiou  whieli  i«  eonslantly  being  made  upon  tlie  adhesions  during 
the  ceaseless  movenuMits  of  the  iris ;  for  the  most  part,  however,  rupt- 
ure is  pn)(hn!ed  artitieially  by  the  instillation  of  atropine.  In  that  ca«? 
we  see,  at  the  spot  where  the  synechia  has  been  set  free,  a  brown  spot 
remaining  upmi  the  anterior  capsule  of  the  lens.  This  is  tlio  pig- 
ment layer  whose  pathulogioal  adhesion  to  the  capsule  of  the  lens  is 
firnu^r  than  its  physiological  connection  with  the  tissue  of  the  iris. 
If  s«;>venU  synechia»  have  been  rupture«!,  we  find  remains  of  them  in 
the  shajw  of  a  corresjwnding  number  of  brown  dots  arranged  in  a 
circle  ujKin  the  anterior  ca|.>sul6  of  the  lens  (Fig.  58,  between  and  ad- 
joiuiug  ri  and  b).    This  ciroie  is  narrower  than  the  mean  diameter 


Vta.  Ml— IVwmtm  Snrano«  am  nn  Rbiaem  or  a  lYtpiuoBT  Mnmma. 
MAamnco  SmI. 

TW  pufili  Imu  Vp*«i  4Mata4  fejr  tti* '""^'I'^'^o'' of  «troptne.    Tbf  dflaUHnn.  homrrrr,  te  _  „, 
bivMaw  th*  UMPtr  nut  of  Uw  pui>4il»nr  nMciB  a  llxrd  bj  biwim  ot  adbatoo»  to  the  i 
!*(«)€  «MDwW  «t  Mw  Wm.    At  a  tWw»  tfkwdw  UBiiifcw  whteh  i»  dramioiH  lloal 
Maclt  FMMt  MKMiWoibcr  lHUHLtofOQBd*taroadMdkMdlRhttarctaM)Uaiadbnrf  _. 
MMkMf»«|MM«lr««rariB^rpMltltclrilliL    Ihl  wimi  lim  ajmvtMn  iod  ly  tfe  rfJe  of  tlwm. 
«fcxeaiMMiurf  aM»l»iMti«wiH<J»»  wImmm  MMfc  4»ti  ■wäMi.J  1»  •  Müclwl«    They 
«Mrwy<ailtttl>i»«laMOo«fl<tf»fMll>ify—r«li  wl>Mtt»fPilw—uitiaij>uilMidK»Tf 

'  ^1  wifimtrA.    TMb  ftrte*  Aren  Um  tmbMwl»  <^  Ihif  rlreiilBii  MdlK  nrfBor,  «^  |M—'n  in 

lM«f  Ik»  pmfä  to  «W  Mfc'Hor  trnprnOf  nf  tte»  km.  whrw»  tt  tea WtWiI  to ■  — »B, 

»IimKI.   TkM  tlMwriil  I»  MX  •  {viMU^ir  ii  iwii  lila  >■» » t— ■■!  of  tbm 

■MMHMMt.    It  AoMt  met  t"*"**^  t^  if**  tfom  nfencMic  pn^taly  imAv 


ItoNglM« 


«f  Ui*  |M>pü«  because  the  irnechi»  vere  fanned  at  the  tJoie  when  the 
pvpil  WW  cootraotc«}  bj  iritis.  The  dots  of  pigment  nerer  dis^peiu-, 
•ad  be«e>  daring  tbe  vbol«  life  gire  eridence  of  «a  tntis  that  hms 

«IW»«XMl«d. 

If  tW  adbtrion  «f  tba  iria  to  tha  eapcoW  of  U»e  lens  is  not  cttaffaiad 
t»  «ittfla  point«,  but  eoiaipnses  the  «hole  extent  of  the  papiUary  mar- 
flB, ««  ifsak  «f  aa  aaimtar  jjmimiar  tjfMdkta.    No  pngeolag  lags 
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are  then  apparent,  because  the  iris  is  no  longer  able  to  retract  nt  any 
spot,  the  pujiil  rcnuiining  unchanged  all  the  time,  even  after  the  in- 
stillation of  atropine.  There  is  generally  a  brown  fringe  (jiigment)  or 
a  gray  fringe  (exudate)  investing  the  pupillary  margin.  An  annular 
synechia  is  seldom  formed  all  at  once ;  it  is  for  the  most  part  the  re- 
sult of  a  namber  of  recurring  attacks  of  iritis,  which  little  by  little 
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Fi».  fiP— Smn^raioM  urn  OootcnoN  or  thk  Vvvvl.    JiUoNinKi>  Sx  l. 

T1i<*  iri«  Is  adhf-rcnt  br  ll«<-ntlre  pupillary  (nanr^D  to  the  Ifnm  and  Is  piiiOieil  furward.  The  pc«- 
tfrior  <-haiiiht-r,  n,  i»  thiiH  iimiii'  dtvpi^r,  trie  anttrlor  chAinbt*r,  »•,  Hballowi^r.  «nieclally  at 
the  iwripltHpy  wIktp  the  root  of  th«>  irfs,  a,  Ik  prewed  agaiuHt  tli^  corne«  by  thi«  fiioreiu«'  ot 
trnslon.  In  oonwqut'ncr  t>f  Ihf  Irnotloii  iiuidt>  upi^D  the  Iris,  iw  retinal  plKnifnt  Is  bt-g^inuini; 
to«eparnto  lat  »)aiiil  to  tie  left  iipuu  the  eap«nileo(  the  1i>iib.  The  piipti  Ih  eluded  by  an 
exiidale-inenibrnne.  o.  by  the  i-tmtraelidli  of  which  thi«  aiiterixr  eaiwiile  is  llir^iwii  inlu  foliU. 
In  the  lower  jmrt  of  tlie  iinterior  ehBriifMT  tlM-re  is  matter,  p.  prt'eipilatfd  uixm  the  ixiWerior 
(iirfaceof  the  cornea,  tn  i-onmijuenceof  the  iiiereaüe  in  leiiiMon.  l>ijrli  the  <.'iltnry  pnxvsw»,  c, 
4nd  the  ciliary  muscle,  m.  are  atrophic  and  llalt^iied.  The  corte:!  of  the  leim  has  undergone 
rAtaractous  dMntegration.  and  at  r  is  separated  from  the  capsule  by  liquor  Morga^^ui ;  the 
Ducloua,  fc,  of  the  tonii  la  uualt^rtHl. 

produce  a  more  and  more  extensive  adhesion  of  the  iris  to  the  lens. 
The  direct  consequence  of  an  annular  synechia  is  the  shutting  off  of 
the  anterior  from  the  posterior  chamber — shutting  otf  of  the  pupil 
{aeclusio  pupilhe,  Fig  69). 

The  two  sequela?  of  iritis,  shutting  off  of  the  pupil  (set'lusio  pnjiil- 
1»)  and  shutting  up  of  the  pupil  (ot'clusio  pupilla;),  very  often  occur  to- 
gether owing  to  the  ftvct  that  the  exudate  which  attaches  the  pupillary 
margin  to  the  lens  may  also  extend  over  the  entire  pupil.  But  they 
may  also  occur  sepanitely  and  then  have  very  different  consequences, 
Ooclnsion  of  the  pupil  occurring  by  itself  produces  very  great  diminu- 
tion of  sight,  without,  however,  entailing  any  dangers  for  the  future. 
Seclusion  of  the  pupil  in  itself  does  not  affect  the  sight,  if  the  pupil  is 
free  from  membrane,  but  subsequently  induces  changes  (increase  of 

won)  wliich  rausc  blinding  of  the  eye. 

If  the  exudation  into  the  posterior  chamber  is  very  great,  it  leads  to 
adhesion  of  the  posterior  surface  of  the  iris  to  the  lens,  not  only  at  its 
pupillary  margin  hut  through  its  whole  extent;  there  is  produix'd  ad- 
hesion of  the  whole  surface  of  the  iris,  or  total  posterior  synechia  (Fig. 
60).     Such  an  excess  of  exudation,  however,  does  not  occur  in  simple 
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iritis,  but  only  when  there  is  a  simnltaneona  cyclitis,  and  it  will  tliere- 
fnre  be  ik"H.M'ibed  more  particularly  under  the  latter  head. 

68.  Symptoms  of  Cyclitis. — Exudation  from  the  ciliary  body,  apart 
from  tlie  iutiltnition  of  the  tissue  itself,  takes  place  into  the  anterior 
chamber,  the  posterior  chamber,  and  the  vitreous  : 

1.  The  exudate  produced  by  the  ciliary  body  can  get  into  the 
anterior  chamber  in  two  ways :  cither  directly,  in  case  there  is  implica- 
tion of  the  most  anterior  portion  of  the  ciliary  body — L  e.,  that  covered 
by  the  ligamentum  pectinatum  and  lying  at  the  confines  of  the  anterior 
chamber;  or  indirectly,  from  the  exudate  being  deiK»sito«i  first  in  the 
posterior  chamber  and  then  carried  along  with  the  aqueous  through  the 
pupil  into  the  anterior  chamber. 

The  exudates  which  are  most  characteristic  of  cyclitis  are  the  pr«- 
eipifaiu  upon  the  posterior  surface  of  the  cornea.  These  are  small 
dots,  no  bigger  than  a  pin's  head,  of  a  light  gray  or  brownish  color, 
which  lie  upon  the  posterior  corneal  surface  {/^  Fig.  59,  and  P,  Fig. 
61).  They  were  formerly  thought  tobe  located  in  the  cornea  itself; 
bot  if  by  puncturing  the  cornea  the  aqueous  is  allowed  to  escape,  some 
of  the  deposits  may  be  seen  to  disappear  too,  being  swept  away  with 
the  aqueous — a  proof  that  they  simply  lie  upon  the  posterior  surface  of 
tbe  cornea.  If  the  de]X)sits  are  large,  but  few  of  them  are  generally 
present,  and  they  are  then  commonly  scattered  irregularly  over  the 
oomea.  The  smaller  the  deposits,  the  more  numerous  they  generally 
are.  They  then  occupy  the  lower  half  of  the  cornea,  in  which  they 
cover  a  surface  haring  the  shape  of  a  triangle.  The  base  of  the  trian> 
gie  corresponds  to  the  lower  corneal  margin,  and  its  apex  is  directed 
upward  towanl  the  center  of  the  cornea.  It  is  frequently  obeerTed  that 
the  deposits  diminish  in  size  from  the  base  toward  the  apex  of  the  tri- 
angle. 

The  peculiar  arrangement  of  the  deposits  is  readfly  explained  by 
their  mode  of  origin.  The  deposits  are  conglomerations  of  cells,  agglu- 
tinated into  masses  by  means  of  fibrin  (Fig.  61).  At  first  they  are 
— peaded  in  the  aqueous,  and  by  the  movements  of  the  eye  are  thrown 
againsi  the  posterior  surface  of  the  cornea  and  adhere  to  it.  In  so 
doing  tbey  arrange  themselves  according  to  weight,  the  laifeet  being 
lovest  down.  The  triangttl.nr  shape  of  the  arrangement  is  a  result  of 
the  movements  of  the  eyeball,  by  which  the  deposits  are  cast  upon  the 
oomea.  We  have  ouly  to  think  of  what  happens  when  we  throw  sand 
through  a  wire  screen  or  shake  grain  in  a  sieve.  The  little  fragments 
of  atcme  or  of  grain  always  form  a  pointed  fignre  with  the  point,  which 
eoiitains  the  finest  particles,  running  npward,  while  sncoessively  coarser 
particles  follow  in  orxler  Mow.  The  same  is  the  case  with  the  depoe- 
ita.  By  their  peculiar  armngt^meut  the  deposits  are  generally  easily 
dirtingaiah^e  fn>ni  macular  oj^citie«  in  the  cornea  itself  (in  keratitis 
panclaU,  se«  pp.   171,  IT«)).     Other  distingnishiag  marks  are  the 
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dearer  outline  and  frequently  the  brownish  color  of  the  de)K)sit8, 
which,  moreover,  do  not  lie  at  different  depths  like  maculne  in  the  cor- 
nea itself,  but  lie  all  in  the  same  j)lune — that  is,  ou  the  posterior  surface 
of  the  cornea. 

That  the  deposits  actually  originate  in  the  ciliary  body  and  not  in 
the  iria  is  proved  by  the  cases  of  pure  cyclitis,  in  which  deposits  are 
present  in  abundance,  although  all  symptoms  of  inflammation  on  the 
part  of  the  iris  are  wanting. 

The  exndate  from  the  ciliary  body,  deposited  in  the  anterior  cham- 
ber, may  also  appear  there  under  the  form  of  hypopyon,  just,  as  in 
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FMk  Ml— TouL  PDmnuom  8tx«ciiu.    Vshtical  Sbcttom  torovob  thx  Etx. 

lUOKIFIKD  Sx  I. 

Thf  Irte  bi  adh«T^»nt  by  It«  prrfvterioi  mirfftcf  to  the  «nterlfir  CAi«ule  of  the  It-n»  and  alKO  to  the 
■nt<'n«ir  wirfaee  of  tlin  rillnry  Ijotly.  Th«-  posterior  ch-aiiiwr  coiuwhjucoiIv  Ih  ohlit«'rat<>d 
•ml  Ihr*  antiTinr  cliatiihtT  il'-openi'tl  at  its  periphery,  b  ;  at  thJaapot  tli^  iri8  i»  »troiii^ly  re- 
lr»ct*><t  anil  at  the  mliui'  ittiie  U  lu-rt)  thf  itiiiKt  Hiinncil  through  atrophy.  Thi*  cxuilat^  con- 
niTllnK  thf  Iris  Willi  Oif  k-u»  alwi  «trt'tfli«*  nnathiii  membrane,  p,  acroMi  tl»- inipil.  Th« 
hull  of  exiKlnii*.  X.  Hpi'ltiKltiK  from  tli<-  ciliary  l>ody.  ravetopa  the  ptiKtfrior  Kuriacv  of  the 
if  tit.  «ml  iiy  i(8  ührliiKlivi;  ilranx  th<-  ciliary  proceaaes  toward  the  ciMit^r.  A»  n  rf!>u1t  of  (hia, 
a  wparattrin  of  Hit-  ciJiary  Ixtdy.  r,  from  Ita  bed  haa  already  takeu  place  bt'tnw,  and  in  ihe 
liiteniir<llat>- space  are  Ht^'ii  (he  disjoined  lanielle  of  the  Huprschiirinid  inembraiie,  a.  The 
|)l|Croeii(  epithi-liiiiri,  /.  of  the  ciliary  prxieease«  baa  undergone  prtilifcratioii.  At  the  lower 
part  of  the  coniea  liiere  in  a  xonular  oimoity.  p.  The  leiiH  i»  8ui>)|eii  und  ia  ojiaque  tiirough- 
out :  there  is  tto  bard,  uud4«iiit«grated  nuctbus  CL  e.,  it  1«  a  soft  cataract). 


iritis.  But  what  particularly  characterizes  cyclitis  are  the  gray  or  gray- 
ish exudates  that  develop  in  many  cases  and  which  appear  to  grow  out 
in  the  form  of  spongy  masses  from  the  sinus  of  the  chamber,  and  that 
not  merely  below,  but  also  from  other  directions. 

2.  ErudiUxim  iitln  the  posterior  chamber,  if  extensive,  leads  to  the 
adhesion  of  the  whole  posterior  surface  of  the  iris  to  the  anterior  cap- 
sule of  the  lens  {tnf.al  ponterior  st/nechin.  Fig.  60).  We  recognize  the 
presence  of  the  latter  chiefly  from  the  altered  form  of  the  anterior 
chamber.  The  exudate,  a«  it  shrinks,  draws  the  iris  everywhere  up  to 
the  anterior  surface  of  the  lens,  so  that  the  posterior  chamber  is  com- 
pletely obliterated.  The  anterior  chamber  is  hence  proportionately 
deeper,  and  most  of  all  at  the  periphery,  where  the  iris  is  displaced 
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farthest  backward  (*,  Fig.  60).  Great  recession  of  the  root  of  the  iris 
is  hence  a  sign  of  cyclitid. 

3.  Exadation  into  the  vitrfoitJ»  appears  under  the  form  of  opaeitiea 
of  the  ritreou^  which  can  be  made  out  with  the  ophthalmoscope  if 
the  condition  of  the  refracting  media  permits.  Moreover,  they  mani- 
feet  themselves  by  a  corresponding  diminution  of  the  rision.  In 
serere  cases,  an  exudation  of  large  size  exists  in  the  anterior  division 
of  the  vitreous  (a.  Fig.  GO),  and  under  favorable  circumstances  can 
be  seen  with  lateral  illumination  as  a  gray  mass  behind  the  lens. 
The  sight  is  thus  almost  completely  abolished,  and  atrophy  of  the 
whole  eye  is  subsequently  produced  by  the  slirinking  of  this  mass  of 
exudation. 

The  tension  of  the  eyo,  which  in  iritis  is  usually  unchanged,  often 
shows  an  alteration  in  cyelitis.  It  is  not  infrequently  found  to  be  ele- 
vated in  the  beginning  of  the  cyclitis,  in  consequence  of  the  increase  in 
the  amount  of  matter  contained  in  the  eyeball  due  to  the  deposition 
of  the  exudate ;  indeed,  such  a  great  elevation  of  tension  may  be  de- 
veloped that  blindness  is  produced  by  it.  In  the  later  stages  of  cyclitis, 
on  the  contrary,  diminution  of  the  intra-ocular  pressure  is  more  fre- 
quent, and  is  the  result  of  the  shrinking  of  the  exudate  while  in  pro- 
cess of  organization. 

Both  iritis  and  cyclitis  are  associated  with  stfmpt<»M  of  tHßermma- 
tory  irritation,  consisting  of  ciliary  injection,  photophobia,  lachrymA> 
tion,  and  pain.  Their  intensity  is  regulated  by  the  greater  or  less 
acntenees  with  which  the  case  runs  its  oourseu  Chronic  cases  occur  in 
which  inflammatory  symptoms  are  wanting  altogether,  so  that  the  eye 
is  at  no  time  reddened  or  (tainful ;  on  the  other  hand,  there  are  cases 
of  irido-cyclitis  in  which  the  pain  reaches  an  abeolotely  intolerable 
pitch  and  is  associated  with  vomiting  and  a  febrile  movement  Some- 
times the  pain  sets  in  with  sjK'cial  violence  at  night  (particularly  in 
syphilitic  iritis  and  irido-cyclitis). 

Vision  is  always  diminishoii  through  turbidity  of  the  aqaeous  or 
through  exudation  in  the  region  of  the  pnpil  or  in  the  cavity  of  the 
•ritreous. 

Differential  Diagnosis  between  Iritis  and  Cyclitis.— We  speak  of 
iritis  if  the  symptoms  enumerated  above  are  present,  and  there  is  no 
direct  proof  of  tl»o  {iartioi{taTion  of  the  ciliary  boily  in  the  inflamma- 
tion- That  tlie  ciliar^'  bo*ly  is  pathologically  altered  in  most  cases  of 
apparently  simple  iritis  is  put  beyond  a  doubt  by  anatomical  investi- 
gations. Hut,  siiux>  wo  can  not  si<e  the  ciliary  body  directly,  slight 
change«  in  it  <v$oa^>e  diagnosis.  We  henoe  make  the  diagnosis  of  iriWo- 
cyriitis  only  in  thtise  case«  in  which  in  addition  to  the  ^mptoms  of 
iritis  jH«iiii>-e  ovidencw  of  involvement  of  the  ciliary  body  are  also 
preaent.    This  is  the  Gas»~ 

1.  When  i)ic  inflammatory  wrmptoms  nach  a  ooosiderable  pitch, 
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and  es|>ecially  if  a'dymu  of  the  upper  lid  is  associated  with  them — 
a  thing  which  does  not  occur  in  pimiik*  iritis. 

2.  When  the  eyeball  is  painfnl  to  the  touch  in  the  ciliary  regiotj. 

3.  When  deposit»  are  present  upon  the  cornea,  or  when  the  nmrked 
retraction  of  the  periphery  of  the  iria  leads  U8  to  infer  the  existence  of 
a  total  posterior  synechia. 

4.  When  the  disturbance  of  vii?ion  is  more  considerable  than  one 
would  exiK-ct  fron»  the  opacities  within  tlie  confines  of  the  anterior 
chamber.  W^e  are  then  justified  in  inferring  the  existence  of  opacities 
in  the  vitreous  causing  diminution  of  vision. 

5.  If  the  tension  is  altered — either  elevated  or  lowered. 

The  participation  of  the  ciliary  body  in  the  infianiination  of  the  iris 
makes  the  disease  a  far  more  serious  one  and  rentiers  the  prognosis 
worse.  Not  only  is  the  inHummatiou  more  violent,  but  it  induces 
changes  which  are  nmcii  more  diftieiilt  to  renit'dy.  The  exudates, 
aach  as  posterior  synechia?  and  pupillary  membranes,  produced  by  irilis 
in  the  confines  of  the  anterior  chamber,  may  be  attacked  successfully 
by  operative  procedures.  But  t]>e  exudates  left  by  cyelitis  in  the  vitre- 
ous, so  far  as  they  do  n<tt  become  absorbed  spontaneously,  are  in  no 
way  susceptible  of  removal.  Severe  cyelitis  leads  to  destruction  of  the 
eye  (atrophy  of  the  eyeball) — a  thing  that  never  occurs  with  iritis 
alone. 

Simple  cyelitis*  without  iritis  occurs  but  seldom,  and  that  only  in 
the  chronic  form.  The  inflauiniatory  symptoms  are  slight  or  absent, 
the  iris  is  of  normal  appearance,  and  the  pupil  is  generally  somewhat 
dilated.  The  chief  symptoms  are  the  presence  of  deposits  upon  the 
cornea  and  ojiacities  in  the  vitreous. 

Inexperienced  physicians  often  fni!  to  recognize  t^li^ht  ca.<ces  of  iritis,  con- 
siderintf  it  as  cattirrh  on  account  <if  the  injection  of  the  eyeball  that  coexists 
with  it.  The  treatment  then  employed,  such  em  tiie  npjilicution  of  tlie  silver- 
nitmtc  Holution  or  the  iii!<tiHrttion  of  irritating  collyria,  commonly  aggravates 
the  iritis.  Wc  can  avoid  this  mi«takc  if  in  evorj'  case  we  pay  careful  attention 
to  any  discoloration  that  there  m.iy  Im>  in  the  iris  (particularly  by  comjMirinjr  it 
with  that  of  tlie  other  eye>,  and  al.so  to  the  diniensionK  of  the  [mini,  which  in 
an  eye  with  iritis  is  contracted.  Moreover,  a  slipht  turbidity  of  the  aqweimft 
can  be  recognized,  even  in  the  early  st.itjef«,  from  the  fjict  that  the  pupil  liu«  not 
tb«  tHUU«  pure  black  look  as  in  the  other  eye.  On  the  other  hand,  (he  ndfttake 
is  often  made  of  considering  an  intIammator>-  ^daucoma  ns  an  iritis  on  account 
of  the  ciliary  injection  »nd  the  di>«'olorHtion  of  the  in» — a  mistake  which  i»  the 
more  distHstroiis  because  in  plftucoma  great  harm  is»  done  by  the  instillation  of 
atropine.  Here,  besides  the  testinj;  of  the  tension,  our  chief  means  of  ^uaid- 
inR  a^tinst  mistake»  is  the  examination  of  the  pupil,  which  in  iritis  is  always 
mopc  contracted,  in  j^laucoma  ahvay.*»  more  dilated,  than  usual. 

A  jieculiar  a]>fH'nrRnee  is  furnished  by  the  presience  of  a  pretty  large ^Ärin- 
oui  exudate  in  the  anterior  chamber,  such  as  ia  at  times  observed  in  every  sort 
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of  acute  iritia.  If,  for  example,  much  fibrin  is  deposited  in  the  aqueous,  it 
may  become  coagulated  into  a  unifornily  gray,  translucent  mai^s  (hence  the 
niune  gelatinous  exinlutc  and  also  lenticular  exudate,  Ix-emisn  with  its  rounded 
edges  it  sotuftimef«  look»  like  a  halftrau»p!ireDt  lent»  that  häi>  been  dislocated 
into  the  anterior  chajiiber).  The  exudate  .sjR-edily  shrink*,  since  the  fibrin  in 
contracting  expels  the  liquid  from  it»  meshes  {^ for  which  reason  we  alsw»  speak 
of  it  as  a  sjjongy  exudate).  After  a  few  davft  the  exudate  ha.s  cither  completely 
disappeared  or  it  has  been  reduced  to  a  thin  pellicle  lying  in  the  pupil  and 
often  Btill  connected  with  the  pupillary  margin  by  one  or  two  slender  filaments. 

It  happens  sometimes  that  posterior  synechiie  develop  in  the  presence  of 
a  dihite<l,  instead  of  contracted,  pupil  ;  u.",  for  example,  when  they  form  in  an 
eye  under  the  influence  of  atrü[)ine.  In  this  wise  the  margin  of  the  pupil  be- 
comes adherent  to  the  cai)sule  of  the  lens  at  some  peripherully  located  sfiot,  so 
that  afterward,  when  the  ]>upil  as.sunics  its  mean  width,  the  synechia  is  marked, 
not  by  a  projecting  procesj*,  but  by  a  re-entrant  angle. 

For  the  diagnosis  of  ifdti»io  pupilltp,  the  employment  of  atropine  i»  indis- 
pensable. It  often  happens  that  the  pupillary  margin  h  thought  to  1>e  adher- 
ent to  the  ca]>sule  all  round,  when,  ne  vert  lie  less,  u|ion  the  employment  of  atro- 
pine it  retracts  at  one  small  spot.  At  this  unattached  portion,  which  is  most 
fri-quently  situtited  above,  there  is  thus  formed  a  curved  or  horseshoe -shaped 
indentation  of  the  p>i}>illary  margin.  Similarly  we  may  infer  the  existence  of 
a  small  o|>ening  if,  after  the  case  has  been  under  observation  for  a  long  time,  no 
protrusion  of  the  iria  takes  place,  since  in  tnie  sedasio  pupillic  such  protrasion 
never  fails  to  appear.  Of  course,  we  must  be  able  to  exclude  the  existence  of  a 
total  posterior  synechia,  in  which  case  evidently  protrusion  of  the  iris  could  not 
take  place. 

Seclusio  pupilhe  appears  to  occur  frcijuently  without  there  being  any  simul- 
taneous fonnation  of  membrane  in  the  pupil  locclusio  puiiillm).  This,  however, 
ia  only  apparent,  as  a  rule.  U|Hin  careful  e.xamination  we  usunlly  notice  that 
the  gmy  fringe  of  exudate  which  runs  along  the  adherent  pupillary  marg^in 
projects  far  into  the  pupil,  becoming  gradually  thinner  as  it  does  so,  so  that 
porhaijs  only  the  center  of  the  pupil  appears  to  be  quite  free.  And  yet  if,  after 
perfortuing  an  iridectomy,  we  compare  the  pupil  with  the  pure  black  coiobomu, 
we  v^n  aliuo^t  always  convince  ourselves  that  really  no  jiart  of  the  pupil  is 
quite  free  from  a  membrane.  Much  more  frequently  than  .seclusion  wilbout 
occlu-sion,  the  converse — i.e.,  occlusion  without  seclusion — tjccurs.  That  is, 
there  is  a  membrane  in  the  pupit,  and  sometimes  quite  a  thick  one,  which  is 
not  connected  with  the  pu|)ilhiry  mnrgin  nil  round,  but  only  at  sepiu^te  spots. 

The  presence  of  a  well-marked  reaction  of  the  pupil  to  light  is  not  alto- 
gether ciinclusive  evidence  against  the  existence  of  seclusio  pupilke.  If  the 
tissue  of  the  iris  is  not  yet  atrophic,  and  a  fair  perception  of  light  nt  the  same 
time  exist«,  the  anterior  layers  of  the  iris,  when  the  illumination  is  varied, 
move  quite  perceptibly  over  the  fixed  fiOslerior  jtigment-laycr. 

The  tUjMMiit»  ujKMi  the  jxwterior  surface  of  the  cornea  are  easily  overlooked, 
because  they  are  often  bo  excessively  minute.  We  should,  therefore,  in  every 
case  in  which  there  is  a  suspicion  of  the  existence  of  nn  affection  of  the  uveal 
tract,  look  for  them  with  a  strong  magnify) ng-glasa.  They  are  found  not  only 
in  affections  of  the  ciliarj*  body  but  sometimes  also  in  those  of  the  most  ante- 
rior Bcctions  of  the  chorioid.  The  following  is  an  interesting  case  of  this  sort: 
A  girl,  twenty  two  years  of  age,  was  taken  sick  with  varicella,  the  pocks  of 
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which  coverod  her  entire  body  in  great  numbers.  While  rtill  confined  to  her 
bed,  she  noticed  a  redness  in  her  left  eye.  This  pHSJwd  off  in  a  few  days,  but 
the  sight  of  this  eye  hud  by  that  time  liecome  obscured.  Some  day»  after,  I 
tuund  the  eye  ftcrfoctly  free  from  discoloration  and  the  louir  lialfof  the  cornen 
exhibiting  a  very  faint  opacity.  Under  a  magnifying-glass  this  opacity  resolved 
itself  into  innumerable,  very  minute  deposits.  The  pupil  wa.s  rather  more 
dilated  than  in  the  sound  eye,  and  readily  jvermitted  examination  with  tlie  oph- 
thalmoscope, which  showed  a  slight  opacity  of  the  vitreouts  in  ita  anterior  sec- 
lion,  and  in  the  extreme  periphery  of  the  portion  of  the  fundus  visible  with  the 
Ophthal moscoj>e  a  white  s]>ot  of  exudation  of  about  the  size  of  the  optic  disk. 
Subseijuently  the  vitreuUH  eleared  yp;  the  spot  of  exudation,  which  in  the  be- 
ginning had  q'llte  indistinct  outlines,  became  more  shariily  cireuniKcribed  and 
was  gradually  transformed  into  a  fiignieuted  area  with  an  atrophic  white  s()ot 
in  its  center.  This  exudate  in  the  chorioid  was  evidently  the  real  focus  of  in- 
(Uinmation  from  which  the  opacities  in  the  vitreous  aad  the  deposits  had 
atartrd.  The  disease  itself  must  be  regarded  as  a  very  light  case  of  th<-  meta-^talio 
chorioiditis  which  is  sometimes  observed  in  conseijuence  of  infectious  di.seatsea. 
I  have  ipjite  frequently  found  minute  dejtosits  in  eyes  in  whicli  a  soft  cataract 
had  been  operated  u|)on  by  discission,  and  was  consequently  swelling  up  and 
undergoing  absorption  at  the  lime.  Other  evidences  of  inflanunation  were 
wanting,  and  the  »ubsequcnt  course  in  these  cases  furthermore  was  fat-orable. 

In  severe  cases  of  iridocyclitis  (especially  of  sympathetic  origin)  blanching 
of  the  cilia  on  the  lids  of  the  aflFeeted  eye  is  sometimes  observed. 

Rksults  of  Akatomicai,  Examination  in  Irido-cyclitis. — Exudation  info 
the  fij»9tie  of  (he  in.»  is  characterized  by  the  presence  of  numerous  round  cells 
in  the  latter,  the  quantity  of  which  increases  with  the  intensity  of  the  inflam- 
mation. Often  they  are  not  distributed  everywhere  alike,  but  collect  in  cer- 
tain spots,  es-peciidly  along  the  vessels,  so  that  circumscribed  nodules  of  exuda- 
tion are  produced.  This  state  of  things  is  most  strongly  marked  in  syphilitic 
inflammation,  in  which  the  nodules  are  often  so  large  that  they  can  Ik?  seen  with 
the  naked  eye  (papulnj  iridis).  Within  the  ciliary  budy  the  eellular  ioflltni- 
Uon  is  much  more  profu.se  in  the  vascular  ciliary  |)rocesses  than  in  the  ciliary 
tnuHcle. 

The  jWr  arudntf^  deposited  in  the  anterior  chamber,  in  part  sinks  to  the 
bottom  of  the  chamber  and  forms  a  hypopyon,  in  part  ntlaches  itself  to  the 
walls  of  the  chamber — that  is,  to  the  cornctv.  the  iris,  and  the  capsule  of  the  lens 
(Fig.  30,  6,  I",  d,  and  f).  The  thin  coating  of  exudate,  which  covers  the  poa- 
Icrior  surface  of  tl»e  cornea  (Fig.  01,  h  and,/"),  causes  the  latter  in  recent  cases 
of  iritis  to  nppi^ar  slightly  and  uniformly  clouded.  It  generally  dLsappears 
with  tlje  subsidence  of  the  inflammntion  ;  only  in  rare  case«  is  the  layer  of  cxu- 
dntion  so  considerable  (especially  in  the  lower  half  of  the  cornea)  that  it  after- 
ward Itecomes  organized  un<l  leads  to  the  pnKluction  of  a  lasting  opacity  of  the 
a>mea. 

The  dcponit«  are  conglomerations  of  round  cells  containing  interspersed  pig- 
ment-granules (P,  Fig.  01).  They  He  upon  the  i-ndothelium  of  Descemcl's 
membrane,  which,  at  first,  is  jwrfectly  normal  and  not  till  afterward  becomes 
destniyed  iH-nenth  the  aggregalious  formed  by  the  cellsof  the  deposit  (r.  Fig.  01). 
The  endothelium,  the  re  for«;,  ha«  no  nnire  to  «to  with  talking  an  active  part  in  the 
formation  of  the  deposit  than  any  other  part  of  the  cornea.  Accordingly,  the 
terms  formerlj  employed  to  designate  the  dejiosita,  such  as  kerutitis  punctata, 
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descemetitis,  aquacapsulitb^  hydromeningitis,*  which  impute  their  plnce  of 
orip^n  to  the  cornea  and  more  particiilnrly  to  Descemet'«  inembraop,  »to  inop- 
plicnblc.  In  exceptional  caws  scattered  deposits  are  also  found  in  the  pupil- 
lary area,  l>ofh  ujion  the  iris  and  upon  the  anterior  capsule  of  the  lens.  After 
lasting  for  äome  time  the  cellä  of  the  deposit  undergo  fatty  degeneration  and 


Fto.  61,— Diposrr  n^)K  the  Po6temor  Sphpacc  or  trk  Corhka.    MAONmxo  140k  i. 

The  posterior  surfet*  of  the  cornea,  C.  is  coveivd  by  D«wo<*inpt's  mcnibrane.  P.  anJ  tlie  endo- 
tneliuni,  e.  The  latter,  which  as  a  nhol«  Is  uf  normal  uliaracti^r.  is  wantine  at  the  Rpot 
where  Iht«  ilep<>slt,  P,  in  üittialed.  This  depixtlr  fonni  an  ai-ciirnulatiun  of  oeltv  wilh  inter- 
spenxtj  |ii^n<>nt  ^rniiult^  whioh  arc  (xirtly  fre^  ami  |>artly  lni'Ii>8e<t  in  the  rotmil  ivIIh.  In 
ine  plmv  when-  n'>  «lefKwiis  or«-  situ»t»il  tfio  po»l>Tii>r  siii  fkit-  iif  tiiH  (<<>rnea  i»  i-MVcrv«!  by  a 
layer  of  exiiilnllon  <»nsiütiuK  of  two  strata,  an  anterior  un«<,  6,  c>)uip<j«t;il  uf  round  celts,  and 
a  |K>sterior  one,  /,  formed  of  cuai^ilsted  fibrin. 

arc  MbsorlMHl,  while  the  plfTmeiit-juTanules  are  left  behind.  Hence  many  de- 
piwit«  are  seen  to  take  on  little  by  little  a  darker  color  until  at  length  nothing 
but  minute  black  sjKfck«  are  left  at  the  i)lace  where  they  were  situated. 

The  exudate  which  is  poured  out  upon  the  anterior  surface  uf  the  iris  dis- 
places the  endothelial  membrane  present  there.  The  fate  of  this  exudate  de- 
j)endH  upon  its  character.  In  the  lighter  cases,  in  which  it  con.Mstj)  chiefly  of 
iu>agulatc4  fibrin  with  only  a  few  round  cells,  it  di.tappears  completely  by  re- 
8orption.  Id  serere  case^.  the  exudate  is  richer  in  cells  and  subsequently  be- 
comes orgnnized.  We  then  find  the  iris  atrophic  and  covered  by  a  thin  mem- 
hraoe  of  connective  tissue.  The  same  is  true  of  the  exudation  deposited  U|Kin 
the  anterior  captiulc  in  the  pupillary  area,  and  of  the  exudates  in  the  posterior 
chamber  and  in  the  cavity  of  the  vitreous;  in  the  light  cases  they  are  alisorbed, 
in  the  severe  ones  they  l>ecome  organized  into  membrancB,  a»  will  be  more  pre- 
cisely described  in  treating  nf  the  different  mode«  of  termination  of  irido-cyclitiR. 

An  anatomical  rJtuut^finUion  of  irido-cyclitis  has  liecn  bajied  upt>n  the  varying 
anatomical  characters  of  the  exudate.  In  gt-uerul,  the  exudates  which  are  very 
poi3r  in  cells  and  arc  incapable  of  undergoing  organization  are  called  üeroua, 
those  which  are  rich  in  celLs  and  lead  to  the  formation  of  adhesions  nrd  of 
membranes  are  called  plastic.  Purulent  exudates  are  tho»^e  which  contain  very 
numerous  cells  with  a  fluid  intercellular  substance.  Nevertheless,  to  ctaatdfy 
irido-cyclitia,  upon  the  basts  of  differences  of  this  sort,  into  a  serous,  a  plastic, 
and  a  purulent  variety,  is  a  procedure  that  has  its  difScuIties  and  can  not  be 
strictly  carried  out.  In  the  first  place,  several  kinds  of  exudation  are  often 
present  at  the  same  time  ;  for  instance,  a  purulent  exudation  constituting  a 
hypopyon,  and  a  plastic  exudation  forming  synechite  and  pupillary  membranes. 
In  the  second  place,  the  sort  of  exudation  present  is  by  no  means  indicative  of 
the  severity  of  the  case  and  of  its  clinical  course.     Purulent  iritis — i.  e.,  iritia 


*  Pesceniet's  mcnibrane  was  called  ca[>sula  sqnr,  or,  in  Greek,  k^nmteninx, 
because  it  was  supposed  to  secrete  the  aqueous  humor. 
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with  hypopyon^-often  runs  a  very  mild  course  »nd  is  less  to  be  dreaded  than  a 
{ilastic  iritis  which  Jcavcs  adhesions  after  it.  Purulent  cyclitis,  on  the  other 
hand,  in  which  the  puniletit  exudate  is  deiwsited  in  the  vitreou.s,  almost  always 
entails  loss  of  the  eyesipht.  A  term  to  be  altogether  rejected  is  that  of  serous 
iritis,  which  is  u-wd  by  authors  for  those  cases  in  which  de|>osita  are  present 
while  synechiw  are  absent.  The  deposits,  however,  are  crrtninly  not  serous 
exudates,  and,  any  way,  these  cases  are  to  be  looked  upon  as  ones  of  cyclitis,  not 
of  iritis.  Because  of  all  these  reasons,  it  seems  to  me  better  to  cla.'ssify  irido- 
cyclitis, not  acconlinp  to  the  kind  of  exudation,  but  according  to  the  etiology, 
us  will  be  don«  later  on. 

In  irido-cyclitis,  the  microscope  generally  establishes  the  fact  of  a  partici- 
pation of  the  deep  parts  of  the  eye.  in  the  inflammation.  The  chorioid  suffers 
the  most  injury,  so  that,  when  evident  siffns  of  its  impliration  ar«'  jire.sent,  we 
speak  of  irido-chorioiditis.  But  the  retina  too  and  the  optic  disk  are  almost 
never  free  from  pathological  chanjje.s  in  irido-cyclitis,  alttiough  these  changes 
arc  often  loo  insigniticant  to  be  demonstrable  by  clinical  examination  alone. 

89.  Course  and  Termination  of  Iritis  and  Cyclitis.— With  regard 
to  the  course,  a  distiiielujii  is  miuiv  helwccu  iiciitc  und  clironic  cases. 
The  former  are  associated  with  marked  ittilamniatury  SYinptoms,  but 
run  a  quicker  course.  But  eveti  in  the  acute  cases — if  we  except  tlie 
very  lightest  ones — it  takes  four  mouths  or  more  before  the  inflanimu- 
tion  entirely  subsides.  The  first  signs  of  a  change  for  the  better  in  the 
iuäaninration  are  the  decrease  of  the  injection  and  of  tlic  pain,  and 
especially  the  prompt  action  of  atropine,  while  at  the  acme  of  the  in- 
Hammation  the  pupil  is  so  8])a8niodicalIy  contracted  that  atropine  has 
little  or  no  effect. 

Chronic  cases  run  their  course  with  few  or  absolutely  no  symptoms 
of  inflammation.  The  patients,  in  the  latter  case,  become  aware  of  tlie 
existence  of  their  trouble  only  at  a  comparatively  late  period,  and  then 
only  from  the  incresising  disturbance  of  vision.  Chronic  iritis  (irido- 
cyclitis and  irido-chorioiditis)  is  not  iufreqiiently  protracted  over  a 
course  of  years. 

Inflammations  of  the  iris  and  of  the  ciliary  body  often  show  a  great 
tendency  to  relapse.  Formerly  the  chief  cause  for  the  recurrence  of 
the  inflammation  was  sui>posed  to  lie  in  the  posterior  synechise  left  by 
the  first  attack  of  iritis.  It  wa.s  believed  that  in  the  constiint  movement 
of  the  pupil  traction  was  continually  made  upon  the  iris  at  the  places 
of  adhesion,  and  thus  a  new  source  of  inflammat<^)ry  irritation  was  pro- 
vide<i.  But  it  has  been  demonstrated  that  relapses  are  to  be  appre- 
hended only  in  certain  cases  of  posterior  aynechi».  If,  for  instance, 
anybody  has  had  an  ulcer  of  the  cornea,  and,  as  a  result  of  it,  an  iritis 
from  which  there  arc  some  synechiie  remaining,  he  need  never  fear 
having  a  relapse  of  hi.»;  iritis.  But  another  man  who  has  got  synechi» 
as  the  result  of  an  iritis  with  a  constitutional  basis  (e.  g.,  a  syphilitic 
or  rheumatic  iritis)  can  very  readily  have  recurrences.  We  hence  con- 
clude that  what  produces  the  recurrences  is  not  the  syuechiw,  but  the 
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continuance  of  the  same  constitutional  cause  that  was  accountable  for 
the  first  attack  of  iritis;  and,  as  a  matter  of  fact,  we  sometimes  see  a 
syphilitic  patient  suireriiig  from  a  recurrence  of  his  iritis  even  when 
the  first  attack  has  got  well  without  leaving  any  synechise;  or  we  see  a 
reciuToneo  affecting,  not  t!ie  eye  that  was  previously  diseased,  but  the 
other  eye  which  lias  hitherto  been  sound.  The  recognition  of  the  fact 
that  one  or  two  synechia^  are  in  themselves  of  no  great  significance  has 
had  an  importjint  practical  result;  the  numerous  operative  methods 
designed  for  the  division  of  synechifB  have  now  been  entirely  given  up. 

Recurrences  of  iritis  are  often  less  severe  than  the  primary  inflam- 
mation ;  but,  as  they  are  pretty  frequeutly  repeated,  and  ad  they  leave 
a  new  exudate  after  them  each  time,  they  ultimately  lead  to  serious 
changes,  such  as  seclusio  and  ocelusio  pupillae. 

The  outcome  of  inflammation  may  be  a  perfect  cure  in  light  cases. 
The  synechia?  rupture,  leaving  behind  bits  of  pigment  attached  to  the 
anterior  capsule,  which  are  unproductive  of  injury  to  the  eye.  The 
hypopyon  disappears  by  resorption.  The  deposits  generally  persist  for 
a  long  time  (for  months),  until  they  also  are  removed  by  resorption. 
In  many  eases  they  le^ivo  at  the  spot  where  they  were  situated  a  perma- 
nent opacity  of  the  cornea  in  the  shape  of  a  gray  speck,  or  the  pigment 
that  is  contained  in  them  remains  permanently  as  a  black  dot.  Slight 
opacities  of  the  vitreous  may  also  disappear  completely  by  resoi'ption. 

In  most  cases,  however,  permanent  »equelm  remain  after  iritis  and 
cyclitis.     These  are — 

1.  Atrophif  of  Ike  Irin. — This  mrely  develops  after  a  single  attack 
of  acute  iritis;  geuerally  it  is  the  result  of  repeated  recurrences  or  of 
chronic  iuäammation.  It  is  characterized  by  a  bleached-out,  gray,  or 
grayish-brown  aspect  of  the  iris  (resembling  gray  felt  or  blotting- 
paper)  ;  the  delicate  markings  of  the  anterior  surface  have  disap])eared, 
and  in  their  stead  dihited  vessels  can  often  be  recognized  as  reddisli 
spots  upon  the  iris.  The  pupillary  margin  is  thinned  down,  often  hook- 
ing as  if  it  had  been  frayed  out ;  the  I'eaclion  of  the  iris  is  lost.  1'ho 
great  friability  of  the  atrophic  iris  often  renders  the  correct  parform- 
ance  of  iridectomy  impossible. 

The  most  frequent  and  important  sequelae  are  the  exudates  and  ad- 
hesions which  remain  after  nearly  every  case  of  iritis  or  irido-cyclitis. 
Among  these  are — 

2.  PoMterior  Sijuechice. — These,  if  only  a  few  are  present,  cause  no 
special  injury  to  the  eye,  and  also  produce  little  or  no  impairment  of 
sight.  Very  much  worse  is  the  annular  posterior  synechia  or  seclusio 
pupillce.  By  tins  the  communication  between  the  anterior  and  the 
posterior  cliainber  is  obliterated.  The  aqueous  secreted  by  the  ciliary 
processes  can  no  longer  pass  through  the  pupil  into  the  anterior  cham- 
ber; it  hence  collects  in  the  posterior  cliamber,  pressing  the  iris  for- 
ward (Fig.  59).     A  nodulated  protrusion  of  the  iris  is  thus  produced, 
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wliich  finally  reaches  aa  far  forwaixl  as  the  cornea,  while  the  pupil  is 
represented  by  a  crater-shaped  rctrüclion  uf  the  pupillary  margin  wliich 
is  attached  to  the  lens  capsule.  In  c(inHcq«iencc  of  being  so  greatly 
stretched,  the  iris  becomes  atrophia.  Wiien  this  condition  has  lasted  a 
certain  time,  elevation  of  the  intru-oonlar  pressure  (secondary  glau- 
coma; see  g  87)  is  added.  The  increased  hardness  of  the  eye  can  be 
established  by  palpation ;  the  anterior  ciliary  veins  are  dilated,  the 
cornea  is  dull  and  less  sensitive  to  touch,  the  sight  fails,  with  a  decrease 
in  the  field  of  vision  starting  from  the  nasal  side,  until  at  length  the 
j)erception  of  light  is  entirely  abolished.  Then  the  formation  of  uele- 
ral  ectasia  takes  place  in  the  Ijlindcd  eye  in  the  shape  of  anterior  and 
equatorial  staphylomata  of  the  sclera.  Seclusio  piipill»,  accordiugl}', 
if  it  is  not  remedied  in  time,  infallibly  leads  to  blindness. 

3.  Pnpilhinj  Membrnnv  {nrrlusio  pupilla). — This  causes  an  inter- 
forence  with  vision,  the  degree  of  which  depends  upon  the  thickneaa  of 
the  membrane. 

4.  Ejt((i(ftfs  behind  the  Iris. — These  lie  either  between  the  iris  and 
the  lens  (totul  posterior  synechia)  or  between  the  ciliary  body  and  the 
lens  and  upon  the  posterior  surface  of  the  latter.  In  severe  cjises  they 
form  a  coherejit  fibrous  mass  which  completely  envelops  the  lens,  and 
which,  on  account  of  its  solidity,  is  called  the  c)-clitic  shell  {m.  Fig.  CO). 
This  has  a  great  teiulency  to  shrink.  In  tutal  posterior  synechia  there 
is  evidently  no  nodulated  protrusion  of  the  iris — on  the  contrary,  the 
anterior  chamber  in  the  beginning  is  unusually  deep  at  the  periphery 
owing  to  the  retraction  of  the  iris  (^,  Fig,  CO),  Afterward,  when  atro- 
phy of  the  eye  sets  in,  the  anterior  chamber  often  becomes  shallower 
again,  Iwcjuise  iris  and  lens  together  are  pushed  forward.  The  exu- 
dates which  lie  behind  the  lens  iu  the  vitreous  (c,  Fig.  C2)  cause  by 
their  contraction  a  diminution  of  volume  of  the  vitreous;  the  eyeball 
then  becomes  softer.  The  shrinking  of  the  vitreous  (^,  Fig,  d'Z)  results 
in  detachment  of  the  retina  (r)  from  the  chorioid ;  in  part  also  this 
detachment  is  produced  by  direct  traction,  since  the  shell  of  cyditic 
membranes  as  it  shrinks  attaches  itself  to  the  inner  surface  of  the 
retina  and  draws  it  out  of  its  bed.  In  consequence  of  the  detachment 
of  the  retina,  complete  blindness  ensues.  This  state  of  things,  consist- 
ing of  diminished  tension  of  the  eyeball,  with  decrease  in  its  size  and 
with  complete  blindness,  is  known  as  ntrophtj  uf  the  etfrbitll.  An  atix)- 
phic  eyeball  presents  the  following  picture :  The  whole  eye  is  smaller 
and  of  slightly  qnailrangular  shape.  The  four  recti  muscles,  stretch- 
ing across  the  equator  of  the  eyeball,  press  the  sclera  in  somewhat  at 
this  spot,  and  hence  produce  flattening  at  the  four  sides.  With  the 
higher  degrees  of  atrophy  quite  deep  furrows  are  formed,  so  that  the 
eyeball  has  the  form  of  a  bale  of  goods  groove<l  by  the  cord  with  which 
it  is  tied.  The  cornea  is  smaller,  often  opaque  and  flattened  ;  at  other 
times,  ttgain,  transparent,  bat  abnormally  protuberant  or  thrown  into 
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fold«.  The  atrophic  iris  is  either  pressed  quite  against  the  posterior 
Ktrfaee  of  the  cornea,  or  an  anterior  chamber  still  exists.  In  the  latter 
ease,  we  find  the  chamber  bounded  behind  by  a  firm  diaphragm  in 
which  the  iris,  which  is  imbedded  in  the  shell  of  exudate,  is  often  but 
indistinctly  recognizable.     If  the  pupil  is  still  distinguishable,  a  mem- 
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Fio.  ttS.— ATftorar  or  Tax  Etkbau.    Ix  part  Arne«  Wkol-Bocs. 

Tbe  ere  is  wnaller  and  of  irregular  shape,  chiifdy  from  tbe  fnUlitiK  of  the  «elum  bahlBd  th« 
poiDta  of  aUacbnM<Qt  of  thf  ot-iilar  luuw-ln«.  ih«^  r>>i-tuH  inU^niiis.  ri.  an<l  the  rpctoa ext^mui« 
rt.  The  cornea,  C,  is  diminished  in  sin',  flatt»'U<-d.  and  fuldinl  espeolally  on  Its  poaCerkir 
■urfac«.  At  it»  inntr  border  it  l*ars  the  ilrpn-ssved  cu-atrix.  A',  which  wa«  produced  by  the 
Injury.  The  anterior  chamber  ia  shaUoM-:  the  iriü.  >,  i»  i)iicic(-i>ed  and  forms  an  unbrokeu 
»urfaiv.  becauw  the  pupil  ia  doaed  bye.xiidate.  Behind  the  iri»  Itea  the  HhrunlcMi  l^^ns,  I, 
oud  behind  tlii«  i«  thi"  crekt  abell  of  cyrlitic  ineniliraiii',  <•.  ih»-  slirinkinir  of  which  ia  the 
cause  of  the  atruphy  of  th«  eyeball,  Br  neas«in  of  this  shrinking-,  the  ciliary  prooesar«.  the 
pigmenl-layer  of  wliich  has  markiHlly  proliferate»!,  are  <lrttwn  iu  toward  the  center,  and 
loicetlier  with  the  adjai>-iit  cljorioirt,  i-fc.  aiv  dt-lacli«>il  frtmi  tlie  »-lera  ;  lietwe»"H  the  two 
■tnicturea  am  *wn  the  disjoineti  Inriiellic  of  the  üupraohoriofd  membrane,  a.  The  rvtioa,  r. 
Is  detacbe«!  a»d  f^ideil  In  the  form  of  a  fannel.  which  inclose«  the  r«>maiiu  of  tbe  deg«o- 
erated  vitnwui«.  Thi<  siibn;>tinal  sfi«c<?.  ».  is  fllled  with  a  fluid  rich  in  albumin.  The  optic 
nerve,  u,  i«  thiuner  than  usual  and  atrophic. 

bi'ane  and  the  opar^ue  lens  are  found  in  it.  The  eye  is  softer,  and  is 
often  sensitive  to  tlio  touch.  In  the  later  stages  markedly  hartl  spots 
(ossiticd  exudates)  may  sometimes  be  felt  through  the  st^lera. 

Atrophy  develops  gradually  through  a  course  of  months  and  years. 
The  inflammation  and  the  pain,  which  have  been  present  for  a  long 
time,  disiippour  when  t!io  atrophy  is  complete.  But  even  then  sec- 
ondary attacks  of  pain  occur,  especially  if  the  eye  harbors  a  foreign 
body,  or  if  os.>»ific:jtion  of  tlio  exudate  takes  place. 

5.  Opacity  of  thv  Lvhs. — Tliia  develops  in  consequence  of  the  dis- 
turbed nutrition  of  tlio  lens.  If  merely  a  few  synechias  are  present,  it 
is  rarely  ohstirved ;  on  tin»  tttlicr  hantl,  it  is  observed  with  proportion- 
ately great  regularity  when  »ci*lu,'»io  pupillaj  has  existed  for  a  long  time, 
and  particularly  so  iu  those  severe  cases  in  which  the  lens  is  completely 
swatlietl  in  cyclitio  exudates.    Such  a  cataract  is  denoted  by  the  name 
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of  Cataracta  complicata  or  Cataracta  accreta  {=  grown  fast  to— i.  e., 
grown  fast  to  the  iris).  In  atrophic  eyeballs  the  lens  ia  always  opaque, 
und  generally  shrunken  as  well. 

The  protrtuion  of  t?te  iria  docs  not  take  placr  tiniformly,  but  with  the  for- 
mation of  projecting  promLireuct's  separated  by  conslrictioDS.  The  latter  repre- 
eent  the  more  rcsiRtunt,  rndiul  til^er«  which  do  not  ;Brive  way  before  the  prcHsure  of 
the  aqueoua  until  afterward.  The  condition  in  which  the  iris  is  found  protrud- 
ing in  a  greater  jiart  of  its  circtiniferenre,  while  one  sector  of  it  remains  in  its 
normal  situation,  is  generally  referable  to  the  fuel  lliat  at  this  spot  an  adhesion 
of  the  surface  of  the  iri.M  to  the  lens  exists,  preventing  its  protrusion.  It  would, 
therefore,  be  a  inistftke  to  select  just  ihi«  spot  for  performing  an  irideetoniy, 
alttuiUgli  on  otlier  accounts  it  would  seem  to  l>e  very  »uitable  for  »uch  a  pur- 
jKJse,  Ijecausc  of  the  greater  depth  of  the  chamber  there.  If  the  irin  hiis  been 
pu.nhed  forward  aa  far  as  the  cornea,  it  may  become  agglutinated  to  the  latter 
in  places,  and  in  thia  way  anterior  synechiw  may  be  produced  without  there 
having  ever  l>een  a  perforation  of  the  cornea  (see  l«ge  lO.'i). 

Atniphy  of  the  iria  can  progress  to  such  an  extent  that  the  iris  l>ecome8 
transparent,  or  even  «)  far  that  complete  gap»  form  in  it.  A  »fwntaneon»  forma- 
tion of  gap*  in  the  iris  is  also  sonu-times  observed  when  oeelusio  pupilla-  makes 
it»  appearance  in  early  childhood.  The  iris  is  then  fi.xed  not  only  at  its  ciliary, 
but  also  at  its  pupillary  margin,  being  attached  to  the  niembruoe  that  exista  in 
the  pupil.  As  the  eye  grows,  the  iris  is  ««trctched  constantly  more  and  more  be- 
tween its  two  jtoints  of  utt^it'hment  until  atrophy  and  tlnatly  dehiscence  in  spot^ 
occur.  In  this  way,  through  the  forroation  of  uu  openitig,  the  t>ight  may  be 
spontaneously  restored.  In  like  fashion,  the  formation  of  gaps  (or  even  the 
separation  of  the  iris  from  the  ciliary  margin)  may  take  place  in  case.s  in  which 
the  iris  was  attached  to  a  cicatrix  of  the  cornea  in  childhood. 

It  should  be  rememliered  tliat  seclusio  and  oeelusio  [Mipilla"  develop  not  only 
ah  the  result  of  iridocyclitis  bvit  also  in  connection  with  the  larger  jierforating 
ulcers  of  the  cornea  if  the  margin  itf  the  pupil  is  involved  through  its  wliole  ex- 
t<nt  in  the  cicatrix.  In  this  case,  too,  the  usual  consequences  of  seclusio  pupll- 
l«r  makt;  their  appearance;  the  iris  is  pressed  fonvartl  as  far  as  the  cornea,  and 
an  increase  in  tension  takes  place,  as  is  so  often  observed  in  sta])hyloma  of  the 
cornea  (s<'e  pige  205). 

Thv  rortun  in  irido-cyclitis  suffers  harm  through  the  deeply  situated  infil- 
trates that  may  form  in  it  (see  page  184),  through  the  depos-ition  of  exudate 
(dejiositfl,  hypopyon),  or  through  the  contact  of  the  iris,  which  when  lasting  a 
long  time  produces  corneal  opacity  (page  183).  In  tlie  stage  of  atrophy  of  the 
eyeball  a  zonular  opacity  freijuently  forms  ujKin  the  cornea.  Keratitis  bullosa 
and  vesiculosa  also  often  make  their  appearance  in  eyes  which  arc  blinded  by 
irido-eyclitis. 

Tile  anatomicnl  change«,  after  an  irido-cyclitis  has  run  its  course,  manife.st 
themselves  under  microscopical  examination  as  follows:  The  atrophic  iris  ia 
thinner  than  usual,  and  consists  chiefly  of  fibrillary  connective  tissue.  The 
cells  of  the  struma  with  their  slender  branches  have  been  transformed  in  great 
part  into  coarse,  round  cells  filled  with  pigment;  mas.ses  of  pigment  also  arc 
often  found  lying  free  in  the  tis.sue.  The  vessels  are  in  part  obliterated  and 
the  nerve-trunks  also  have  disappeared.  The  sphincter  pupilhe  and  the  retinal 
pigment«  are  the  parts  which  remain  the  longest.     The  ciliary  body,  including 
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both  the  ciliary  muscle  und  the  ciliary  processcH  (Fig.  59,  r),  is  aso  found  to  be 
»trophic  in  old  cas«"!*.  The  two  innermost  layers  of  the  ciliiiry  processes,  how- 
ever, often  untlergo  proliferation,  tlio  two  strata  of  cells  of  the  pars  ciliaris  reti- 
DfB  [jrowinf»  exUjisively  into  th«  cyclitic  exudatcH  «ncJ  taking  part  in  their 
formittion  (/"  Fig.  GO).  By  the  traction  which  the  musses  of  cxudute,  as  they 
shrink,  cxurt  ujjoa  the  ciliary  pniccsseB.  the  latter  are  greatly  elongiited,  so  that 
their  apices  project  well  toward  their  postt^'rinr  pole  of  the  lens;  when  the  trac- 
tion ia  still  (greater,  the  entire  cilijiry  liody  is  pulled  out  of  its  bed  (r.  Fig.  00).l 
This  traction  upon  the  ciliary  hody  is  one  of  the  causes  of  the  cuntiuuoua  or 
constantly  recurring  sense  of  (luin,  which  exists  in  so  many  cases  of  old  irido- 
cyclitis! iiud  sets  the  patients  almost  frantic;  and  it  may  also  give  rise  togympa- 
thi'dc  disease  of  the  iither  eye.  The  exudates  themselves  consist  in  the  lecent 
Btiiti;  of  round  cells  and  of  an  inlerstitiul  substance  of  fibrin,  in  varying  propor- 
tions. The  exudates  iifterward  iM-eomc  organized  into  false  membi-anes,  the 
round  cellü  tuniinji^  into  spindle  cella  and  ulliniately  into  connective-tissue 
fibers.  In  this  way  a  very  tough  tissue  is  proilueed,  which  grates  when  cut 
through,  ami  which  rightly  bear.'»  the  name  of  shell  (''Schwarte").  On  ac- 
count of  this  tenacity  it  puts  great  difficulties  in  the  way  of  any  attempt«  at  the 
formation  of  a  pupil.  In  ca.ses  in  which  the  irido-cycliti.s  has  been  produced  by 
a  foreign  Ijody,  the  latter  not  infrequently  i.*  found  imbedded  in  this  shell  of 
exudate.  Besides  the  nbuvc-nientioned  tissue  constituents  there  are  often  found 
in  the  e.xudatiou-incn»liranes  new-formed  Idood-vessels  which  have  develop«?d 
from  the  neighboring  organs,  the  iriB  and  ciliary  body,  and  also  [ngnient  which 
takes  its  origin  from  the  retinal  pifjinent-layer  of  the  iri.s  and  of  the  cilinry 
body.  The  iens  which  is  inclosed  in  the  exudation  raembrancs  forms  with 
these  a  rigid  dia])hragm  separating  (he  anterior  from  the  posterior  section  of 
the  eyebull,  The  lens  liecoines  opaijue  and  disfintegrutea,  its  capsule  ruptures, 
and  masses  of  exudate  penetrate  into  the  enpsular  sac.  If  these  masses  after- 
ward become  ossified,  the  picture — to  hv  sure  only  an  api>arent  oae—ot  ossifi- 
cation of  the  lens  may  be  develo|(cd. 

By  the  subseciuent  shrinking  of  the  exud«! ion-membranes  softening  and 
diminution  in  size  of  the  eyeball — a(n>/jfii/  of  fJic  cj/f-fHifl—nre  jirotluced.  The 
anterior  chamber  becoines  narntwcr,  beaiuse  the  shell  of  exudate  which  is 
stretched  between  the  ciliary  processes  and  arches  over  the  posterior  surface  of 
the  lens  (a,  Fig.  (iO),  as  it  shortens  tend.'^  to  become  upproxiniuted  to  a  straight 
line  (r,  Fig.  Ö1),  and  in  so  doing  prcs.ses  the  lens  forward.  In  other  cases,  on 
the  contrary,  tlic  eicatriciiil  traction  may  manifest  itself  more  in  a  backward 
direction,  so  that  the  anterior  ehümher  becomes  deeper.  Through  the  same 
force  of  traction  cicatrices  in  the  mmea  or  in  the  scleni.  with  which  the  exu- 
dates are  connected,  are  drawn  steadily  inward  (-,V,  Fig.  62);  hence  the  de- 
pression of  cicatrice»  after  injuries  or  operations  is  always  to  be  considered  a 
bad  omen  for  the  course  of  the  disease.  The  tmction  of  the  exudates  further- 
more causes  detaelimcat  of  the  retina  (r.  Fig.  02)  and  often,  too,  detachment 
of  the  ciliary  processes  and  even  of  the  chorioid  (rA\.  The  canity  of  the 
vitreous  is  reduced  to  a  sniiill  space  (//)  lying  directly  behind  the  lens.  The 
apace  beneath  the  retina  (xl  and  also  beneath  the  chorioid,  w-herever  de 
taclied  ("},  is  filled  with  an  alluiminous  transudation  and  often  also  contains 
extrava-sated  blond.  In  advanced  atrophy,  the  sclera  (i*^)  is  thrown  into  folds 
and  is  thickened  in  spots.  The  shell  of  exudate  not  infrequently  becomes  ossi- 
fied later  on  and,  if  the  chorioid  has  jmrticiputed  in  the  process  of  exudation. 
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the  whole  back  part  of  the  eye  may  be  occupied  by  a  shell  of  bone.     Thr  optic 
nerve  i-s  atrophit-d  to  a  thin  stmnd  f^f  connective  tissue, 

70.  Etiology  of  Iritis  and  Cyclitie.— Iritis  and  cyclitis  are  either 
primary  or  secondary  in  their  development.  In  the  first  caae,  the 
original  site  of  the  disease  is  in  the  iris  or  ciliary  body  itself  ;  in  the 
eec«>iKi  case,  there  is  an  aflfectiott  of  ni'ighUoi'iiig  parts,  which  has  been 
transmitted  to  the  iris  and  the  ciliary  body  (o.g.,  in  iritis  witli  abscess 
of  the  corne4i).  Primary  iullummatiou  of  tlie  iris  and  ciliary  body  as 
well  as  of  the  uvea  in  general  is  caused  in  the  majority  of  cases  by  a 
deep-seated  {renerul  disease,  such  as  syphilid,  serofida,  etc. ;  and  many 
of  those  cases  which  at  present  we  still  regard  as  purely  local  iuflum- 
mations  and  which,  because  their  origin  is  unknown  to  us,  we  desig- 
nate as  idiopathic,  certainly  belong  in  the  same  category.  In  propor- 
tion ;is  our  knowledge  of  the  interdependence  of  morbid  phenomena 
increases,  the  group  of  so-called  idiopathic  inllammalions  of  the  uvea 
will  melt  away.  Among  the  primary  iritides  the  only  ones  of  undoubt- 
edly local  nature  are  traumatic  and  sympathetic  iritis. 

We  may,  therefore,  chisßify  tlio  inflammations  of  the  iris  and  the 
ciliary  bo<ly  with  reference  to  their  etiology  according  to  the  subjoined 
ticheme.  In  it,  as  well  as  in  the  subsequent  description,  the  expression 
'*  iritis"  stands  for  the  sake  of  brevity  as  the  representative  of  iritis, 
cyclitis,  irido-cyclilis,  and  irido-cborloiditis — that  is,  fur  all  juilamma- 
tions  which  predominantly  affect  the  anterior  part  of  the  uvea : 

1.  Iritis  syphilitica. 


Primary 
iritii^. 


Iritis  in  con- 
floquence  of 
general  dis- 
eases. 


V-  Iritis  scroftilosa. 

.'I.  Iritis  tuberculosa. 

4.  Iritis  rheumalica. 

r».  Iritis  gonorrhoica. 

(J.  Iritis  in  acute  infectious  diseases. 

7.  Iritis  diabetica. 

8.  Iritis  idiopathica. 
U.  Iritis  traumatica. 

10.  Iritis  sympathica. 


Iritis  as  a 
local  affec- 
tion. 

R.  Secondary  iritis. 

A.  Primary  Iritis. — 1.  Syphilitic  Irititt. — Syphilis  is  by  far  the 
most  frequent  cause  of  iritis,  since  at  least  half  of  all  the  cases  of  iritis 
are  referable  to  it.  For  the  most  part,  it  is  acquired  syphilis  that  we 
have  to  do  with.  The  diagnosis  of  syphilitic  iritis  is  very  easy  in  those 
cases  in  which  the  characteristic  formation  of  nodules  (iritis  papulosa) 
is  present.  The  nodules  have  a  yellowish-red  color,  are  of  the  size  of  a 
pin's  head  or  larger,  and  are  situated  either  on  the  ciliary  or  the  pupil- 
lary margin  of  the  iris,  but  never  between  the  two  zones  in  the  mid- 
brea<lth  of  the  iris.  The  nodules  afterward  disappear  again  by  resorp- 
[tion  withiiul  any  purulent  disintegration  taking  place.  At  the  places 
rhere  they  were  situated,  broad  and  solid  synecbiae  are  left,  and  there 
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is  often  also  a  circumscribed  atrophy  of  the  tissue  of  the  iris.  At 
other  times  no  distinct  nodules  are  found,  but  several  portions  of  the 
pupilliiry  margin  are  greatly  Bwoilen,  or  at  all  events  there  are  unusu- 
ally broad  syuwhije  wliicli  ilo  not  yield  to  atropine  (b.  Fig.  58).  Fi- 
nally, in  many  cases  iritis  syphilitica  presents  absolutely  no  character- 
istic marks;  the  diagnosis,  then,  can  be  certainly  established  only 
through  the  dcmnnstration  of  the  existence  of  syphilis,  or  through  the 
favorable  action  of  antisyphilitic  remedies. 

Syphilitic  iritis  generally  belongs  to  the  secondary  stage  of  syphilis. 
It  makes  its  appearance  soon  after  the  first  eruptions  upon  the  skin 
(macular  or  pa])iilar),  for  which  reason  we  may  compare  the  nodules  in 
the  iris  to  papules  or  to  condylomata,  and  may  designate  the  iritis  as 
iritis  papulosa.  In  most  cases,  the  time  when  the  iritis  first  appears  ig 
comprised  within  the  flrst  year  after  the  infection  has  taken  place. 
More  rarely  tlic  iritis  breaks  out  in  the  Inter  stages  of  s\^hilis,  and  is 
then  not  associated  with  the  formation  of  nodiUes.  In  exceptional 
eases,  however,  nodules  do  show  themselves  in  this  late  form  also  and 
they  must  then  bo  regarded  as  gummata,  (iritis  gummosa).  These  are 
observed  both  in  the  iris  and  the  ciliary  body.  They  may  attain  great 
dimensions,  break  through  the  envelopes  of  the  eyeball,  and  bring  about 
the  destruction  of  the  eye. 

Iritis  also  occurs  in  consequence  of  hereditaryi  syphilis,  although  by 
no  means  as  frequeutly  as  after  acquired  sy^diilis.  Parenchymatous 
keratitis,  dcpctideut  upon  hereditary  syphilis,  is  often  associated  with 
iritis.  Sometimes  it  ha[)pen8  that  the  iritis  becomes,  comparatively 
speaking,  very  cou3[iicuous,  while  the  keratitis  attains  but  a  slight 
degree  of  prominence  ;  and  there  may  even  be  iritis  without  any  kera- 
titis whatever.  Iritis  due  to  hereditary  syphilis  is  a  disease  of  child- 
hood and  youth,  while  iritis  resulting  from  acquired  syphilis  is  usually 
observed  only  in  adults. 

Syphilitic  iritis  is  very  frequently  associated  with  diseases  of  the 
posterior  section  of  the  eye — that  is,  with  infiammation  of  thechorioid, 
retina,  and  optic  nerve.  Moreover,  it  displays  a  great  tendency  to 
recur. 

2.  Iritis  scrofulosa. — This  bears  in  its  appearance  and  course  much 
resemblaiu-e  to  iritis  due  to  hereditary  syphilis.  It  is  often  marked  by 
the  presence  of  large,  lardjvceous-lookiug  deposits  or  by  lardaceous  exu- 
dation masses,  wl)ieh  a[>pear  to  grow  (uit  from  the  sinus  of  the  cham- 
ber. It  is  found  in  the  ages  of  childhood  and  youth  in  scrofulous  per- 
sons, und  also  in  those  suffering  simply  from  anamiia. 

3.  Iritis  luherniloAa. — See  §  75,  Tumors  of  the  Iris. 

4.  Iritis  rkeumülica. — This  occurs  in  persons  Avho  have  been  ill 
with  articular  rheumatism  (arthritis  rlieumatica).  It  is  the  form  of 
iritis  whicli  has  the  greatest  tendency  to  recur.  From  the  fact  that  in 
many  cases  the  recurrences  of  the  iritis  coincide  with  recurreuces  of 
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the  rheumatism  (atUicks  of  swelling  in  the  iriJividual  joints),  the  con- 
nection between  the  two  i»  demonstrated.  Iritis  also  occurs  us  a  result 
of  arthritis  deformans  and  arthritis  urica  [gout]. 

5.  7;'i7/"j*  gonorrhoica  develops  in  those  ciises  in  which  gonorrha-a 
has  given  rise  to  a  general  infection.  This  latter  runs  a  course  »innlar 
to  that  of  acute  articular  rheumatism.  First  the  knee-joint  ia  attacked 
by  inflammation,  which  may  afterward  migrate  to  the  other  joints  also  ; 
associated  cardiac  eomjdications  may  even  occur.  This  disease  is 
known  as  gonorrhceal  gout  [rheumatism].  Iritis  does  not  generally 
set  in  until  after  the  outbreak  of  the  artliritis  and  frequently  attacks 
both  eyes,  as  in  fact  is  also  the  case  with  the  other  iritides  caused  by  a 
general  lesion.  Just  as  the  gonorrlueal  lesion  of  the  joints  is  very 
similar  to  articular  rheumatism,  so  also  gonorrha>al  iritis  resembles  in 
external  features  the  rheumatic  variety.  Like  the  latter,  too,  it  has 
very  frequent  recurrences,  witli  which  is  fre<|ucntly  associated  a  renewal 
of  the  discharge  from  the  urethra  or  a  return  of  swelling  in  the  affect- 
ed joints. 

6.  Iritis  in  Acute  Infectious  Discnseü. — Among  these  relapsing  fever 
is  the  chief  one  in  which  iritis  forms  a  frequent  complication.  It  is 
usually  protracted  in  its  course,  but  ultimately  goes  on  to  a  cure. 
Iritis  is  observed,  but  far  more  rarely,  in  vsiriohi,  typhus  fever,  pneu- 
monia, etc. 

7.  Iritis  Jiiibcfirii. — This  is  oft^n  associated  with  copious  exu<iatioTi 
into  the  anterior  chamber  (hyiwpyon),  but  on  the  whole  runs  a  favor- 
able course  (Leber). 

71.  8.  Iriti.'i  iiiinpattiicn. — Under  this  heiul  are  comprised  those 
cases  in  which  the  iufiumniatiun  aj>parently  develops  spontaneously  in 
the  iris,  without  its  being  possible  to  make  out  the  presence  of  any 
local  cause  (traumatism,  etc.),  or  if  a  constitutional  affection.  In 
many  cases  a  cold  is  charged  with  being  the  cause  of  the  iritis,  but  in 
most  instances  the  cause  remains  obscure. 

JrM/f?  idiopathic  iritis  is  generally  unilateral ;  it  attacks  none  but 
adults,  and  those,  in  most  cases,  of  the  male  sex.  The  iris  of  the  adult 
ma:n  is  much  more  prone  to  be  inflamed  than  is  the  iris  of  the  child. 
In  childhood,  therefore,  iritis  is  rare  anyway,  and  it  does  not  occur  at 
all  as  an  idiopathic  affection  ;  on  the  contrary,  if  no  local  cause  (trau- 
matism, sympathetic  ophthalmia,  transmission  from  the  neighboring 
parts)  is  present,  th«-  existence  of  a  constitutional  alTeciiun  can  always 
be  demonstrated. 

Chronic  idiopathic  iritis  genendly  appears  under  the  form  of  irido- 
chorioiditis  chronica  (also  calleil  iritis  serosa).  This  disease  is  associ- 
ated with  but  very  slight  symptoms  of  inflammation  ;  injection  of  the 
eyes  and  pain  are  present  only  now  and  then,  and  with  but  little  inten- 
sity when  they  do  exist ;  frequently  the  only  complaint  that  the  patients 
make  at  all  is  in  regard  to  the  steadily  increasing  disturbance  of  vis- 
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ion.  Examiniitinn  of  the  e}e  shows  posterior  sytiocLife  which  slowly 
increiise  in  numbers  until  finally  scclusion  of  the  pupil  is  developed. 
Almost  always  too  there  is  a  thin  memhrane  present  in  the  pupil.  The 
iris  becomes  atrophic  early,  and  afterward,  when  seclusion  of  the  pupil 
develops,  bulges  forward  in  noihihir  projections.  Hypopyon  is  never 
present,  but  instead  tliere  are  very  frequently  fine  deposits  which  point 
to  the  implication  of  the  posterior  division  of  the  uvea,  an  implication 
which  also  manifests  itself  tlirougU  the  presence  of  opacities  in  the  vitre- 
ous. As  these  opacities  continually  increase  iji  number  and  the  vitreous 
at  the  same  time  becomes  liquefied,  the  latter  is  finally  converted  into 
an  opaque,  mucilacjinous  liquid.  Subsequently  opacity  of  the  lens  is 
added,  and  atrophy  of  the  chorioid  and  retina  sets  in.  The  interfer- 
ence with  vision  in  these  eyes  is,  therefore,  always  much  greater  than 
the  optical  obstructions  in  the  anterior  division  of  the  eye  (deposit«, 
membrane  in  the  pupil)  would  lead  one  to  expect.  This  disease, 
which  really  atlects  all  parts  of  the  eyeball,  in  most  cases  terminates  in 
complete  blindness.  In  consequence  of  the  seclusio  pupilhv,  increase  of 
tension  sets  in  with  blindness  from  excAvatiou  of  the  optic  nerve;  after- 
ward the  eyeball  may  become  ectatic.  In  other  c-ases,  blindness  takes 
place  under  the  guise  of  a  gradually  developing  atrophy  of  the  eyeball ; 
the  eye  becomes  softer,  and  the  retina  undergoes  total  detachment. 

Chronic  irido-chorioiditis  I'lmost  always  attacks  both  eyes.  It  runs 
so  slow  a  course  that  years  pass  before  complete  blindness  make«  its 
appearance.  It  is  a  disease  of  advanced  age.  and  is  one  of  the  most 
frequent  causes  of  incurable  blindness  in  elderly  people.  The  cause  of 
it  appears  in  many  ciises  to  be  seated  in  bad  nutritive  conditions,  or  in 
early  cessalioQ  of  the  menses;  but  very  often  cases  occur  in  patients 
who,  apart  from  their  eye  trouble,  are  perfefitly  healthy. 

9.  Iritis  traumatica. — The  causes  of  this  are  injuries  of  all  kinds, 
especially  if  perforation  of  the  eyeball  has  taken  place,  and  particu- 
larly if  a  foreign  body  is  left  in  the  eye.  Operations  upon  the  eyeball 
are,  of  course,  to  be  counted  among  the  injuries,  and  of  tliese  those 
which  are  most  dangerous  with  regard  to  iritis  and  irido-cyclitis  are 
the  ones  which  affect  the  vicinity  of  the  ciliary  body  (cataract  opera«^ 
tions).  Injuries  are  the  most  frequent  cause  of  those  severe  cases 
irido-eyclitis  which  terminate  in  atrophy  of  the  eyeball.* 

With  traumatic  iritis  and  irido-cyclitis  in  the  wider  sense  of  an  in- 
flammation produced  by  direct  injury  to  the  iris,  may  bo  also  enumer- 
ated the  following  cases :  Iritis  frequently  develops  when,  after  open- 
ing the  lens-capsule,  the  masses  of  lens  matter  as  they  swell  come  into 
diroct  contact  with  the  iris  and  press  against  it.  The  same  is  the 
when  there  is  pre.ssure  made  upon  the  iris  by  a  lens  which  is  obliquely 
placed  or  completely  dislocated.     Finally,  there  might  also  be  adduced 
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in  this  connection  those  cases  in  which  an  intra-ocular  tumor  or 
Cysticercus  in  a  certain  stage  of  development  sets  up  a  violent  irido- 
cyclitis. 

The  exciting  cause  in  casos  of  traumatic  iritiu  of  the  sort  just 
iKlduced  may  be  of  ihroo  kinds:  either  mechanical  injury  (traction, 
oontuöiou),  ehemical  irritation  (e.  g.,  in  the  case  of  cuuiact  with  swollen 
portions  of  the  lens  or  in  the  case  of  a  Cysticercus) ;  or,  finally,  infec- 
tion from  wittiout.  The  hist-namud  cause  is  without  doubt  tlio  most 
frequent. 

10.  Irido-ojditis  stjmjntthiat. — When  inflammation  is  carried  from 
an  eye  suffering  with  irido-cyclitis  over  to  the  other  side  and  attacks 
the  other  eye,  which  bus  hitherto  been  sound,  the  disease  produced  in 
the  latter  is  designated  by  the  name  of  sympathetic  inflammation. 
This  inflammatiotj,  like  the  jn-imary  one,  makes  its  a^ipearauce  under 
the  guise  of  an  irido-cyclitis. 

In  the  majority  of  cases  iritis  sympathica  is  preceded  by  a  prodro- 
vial  stage.  The  patient  notices  that  during  the  perfüniiaiice  of  line 
work  he  is  suddenly  obliged  to  stop  because  the  work  grows  indistinct 
before  his  eyes;  after  a  period  of  rest  he  is  again  able  to  continue  his 
work.  This  interference  with  vision  is  caus«!  by  a  weakness  of  the 
accommodation.  Another  symptom  of  the  prodromal  stage  is  sensitive- 
ncJ!8  to  light,  and  also,  though  not  often,  violent  pain,  the  latter  appejir- 
ing  sometimes  at  a  portion  of  the  eye  which  is  symmetrically  placed 
with  reference  to  the  diseased  portion  of  the  other  eye.  These  symp- 
toms are  also  denoted  by  the  name  sympnthetic  irrilntwn.  They  may, 
in  rare  crises,  exist  for  years  without  inflammation  supervening.  In 
most  eases,  liowever,  after  a  short  time  (froin  a  few  days  to  a  few  weeks) 
they  pafts  over  into  manifest  inflammation. 

StjnipathHic  inßamnuifion  declares  itself  by  a  development  of  the 
objective  symptoms  of  irido-cyclitis  together  with  an  increase  of  the 
subjective  troubles  just  described.  Ciliary  injection,  contraction  of  the 
pupil,  discoloration  of  the  iris,  and  the  formation  of  sjTiechia;  are  found. 
Deposits  are  almost  never  wanting,  while,  on  the  other  hand,  hypopyon 
is  not  ordinarily  present;  minute  opacities  show  themselves  in  the 
vitreous.  These  changes  sometimes  set  in  insidiously,  sometimes  sud- 
denly with  great  photophobia  and  considerable  pain.  In  the  severest 
cases  the  very  first  attack  of  inflammation  induces  annular  or  total  pos- 
terior synechia  and  occlusion  of  the  pupil ;  in  less  severe  cases  it  ia 
possible,  with  suitable  treatment,  to  effect  after  many  weeks  the  disap- 
pearance of  the  inflammation,  although  a  number  of  synechiaj  are  left 
behind.  Unfortunately,  a  recurrence  of  the  inflammation  occurs  almost 
without  exception  after  an  interval  during  which  the  cure  is  apparently 
complete.  By  reason  of  this  and  subsequent  recurrences  the  eye  at 
length  is  destroyed,  either  as  the  rt^sult  of  increase  of  tension  (due  to 
fleclasio  pupilla;)  or  of  a  slowly  developing  atrophy.  Those  cases  are 
19 
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to  be  classed  as  the  exceptions  wliich  run  so  favorable  a  course  that  the 
patient  gets  off  with  a  single  attack  of  inflammation,  and  retains  an 
eye  with  serviceable  sight.  Since  the  severe  cases  are  by  far  the  most 
frequent,  sympathetic  irido-cyclitia  must  be  regarded  as  one  of  the  most 
sehuuB  forms  of  inflammation  of  the  eye,  and  as  one  wliich  almost 
always  terminates  in  blindness. 

The  fiß'ecfion  of  the  firttt  efje,  wliieh  gives  rise  to  a  sympathetic  in- 
flammation, is  always  an  irido-cyelitis,  and  is,  in  fact,  almost  without 
exception,  an  irido-cycHtis  traumatica,  due  to  a  penetrating  injury  of 
the  eyeball.  All  cases  of  traumatic  irido-cyclitis  arc  not  equally  fraught 
with  peril  for  the  second  eye.  To  be  regarded  as  jjarlicujarly  danger- 
ous are :  (1)  Those  cases  in  which  the  injury  has  affected  the  region  of 
the  ciliary  body,  and  pnrticularly  if  it  has  left  the  iris  or  the  ciliary 
body  incari.-erated  in  the  cicatrix.  For  tliis  reason,  unsuccessful  cases 
of  (inu'fe's  cataract  operation  have  beconio  a  frequent  cause  of  sympa- 
thetic iufiummatioii.  {'i)  Cases  in  which  a  foreign  body  has  been  left 
in  the  eye. 

The  pfHHf  of  time  at  which  the  greatest  danger  of  the  transmission 
of  the  infiammatiou  crisis  is  when  the  iriiio-cyclitis  in  the  injured  eye 
is  at  its  height.  Hence  sympathetic  inflammation  makes  its  appear- 
ance, in  most  cases,  from  four  to  eight  weeks  after  the  injury  to  the 
first  eye  has  taken  jiltux'.  Later  than  this,  when  the  tmuniatic  irido- 
cyclitis has  subsided  and  the  eye  has  falten  a  prey  to  atrophy,  there 
need  be  generally  no  fear  of  sympathetic  inflammation  so  long  as  the 
atrophic  eye  is  frse  from  inflammation  and  is  not  jvainful,  either  spon- 
taneously or  to  tlie  touch.  The  danger  for  the  other  eye  does  not  de- 
velop again  until  the  atrophic  eye  becomes  once  more  the  seat  of  in- 
flammation and  of  pain — an  event  which,  to  be  sure,  very  frequently 
occurs.  The  most  usual  cause  for  those  recurring  attacks  of  inflam- 
mation is  the  jK'i-sistent  presence  of  a  foreign  body  in  the  eye  or  the 
continual  shrinking  an<l  idtimatc  o.ssification  of  the  exudates.  In  this 
way  an  eye  which  has  been  carried  for  many  years  in  an  atrophic  state 
without  causing  trouble  may  suddenly  become  the  cause  of  a  sympa- 
thetic inflammation.  Wliih',  therefore,  the  minimum  period  for  the 
development  of  sympathetic  irido-cyclitis  is  a  few  weeks  (the  shortest 
period  hitherto  observed  is  two  weeks),  no  limits  can  be  aet  to  the 
maximum  period;  eympatnetic  inflammation  has  been  seen  to  appear 
forty  years  and  more  after  the  itijnry  of  the  first  eye.  An  eye  which 
has  been  destroyed  in  consequence  of  injury  is  tlierefore  a  constant 
source  of  danger  to  the  other  eye. 

It  is  not  necessary  for  the  injured  eye  to  be  perfectly  blind  for  it  to 
excite  sympathetic  inflammation.  Cases  occur  in  which  the  eye  has 
retaineil  a  remnant  of  visual  power  after  the  injury  and  tlie  irido- 
cyclitis following  it,  and  has  yet  given  rise  to  sympatiietic  inflammation. 
In  that  case  it  may  happen  that  the  sympathetically  affected  eye  un- 
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dergoes  complete  dostniction,  while  the  iiijared  eye  is  still  used  to 
faee  with. 

It  is  important  to  know — especially  with  reference  to  prognosis  and 
treattneut— iiiulpr  what  conditions  sympathetic  intlnnimation  of  the 
second  eye  occurs  only  as  u  rare  exception,  and  hence  is  generally  not 
to  be  apprehended.  These  conditions  are:  1.  I'hthisis  corne*,  due  to 
suppuration  of  the  cornea  (after  abscess,  acute  blcnnorrhcea,  etc.). 
2.  Staphyloma  of  the  cornea.  3.  (ilaucoma  absolntum.  4.  Phthisis 
buibi  afttT  panophthalmitis. 

In  wtiat  way  does  the  transference  of  the  inflammation  from  one 
eye  to  the  other  take  place?  This  question  has  not,  iij)  to  this  time, 
been  definitely  decided.  Mackenzie  was  the  first  to  direct  tlie  atten- 
tion of  physicians  to  the  dependence  of  the  inflammation  of  the  second 
eye  upon  that  of  the  first.  His  idea  of  the  method  of  transmi.ssion  was 
that  the  inflammation  made  its  way  backward  along  the  optic  nerve 
and  pjissed  over  alonp;  the  chiasm  to  the  optic  nerve  of  the  other  side, 
in  which  it  traveled  forward.  This  explanation  was  afterward  given 
Dp,  because  the  inflammation  in  the  second  eye  made  its  appearance, 
not  under  the  guise  of  an  uptie  neuritis,  but  nndcr  that  of  nn  irido- 
cyclitis. Now,  as  the  uvea  is  supplied  by  the  ciliary  nerves,  tlie  \>viXh 
of  transmission  was  regarded  as  being  in  them.  The  ciliary  nerves  of 
the  two  sides  are  not  connected  with  each  other  directly,  as  is  the  case 
with  the  optic  nerves  through  the  chiasm;  hence  the  transmission  of 
inflammation  in  this  ca.se  can  not  be  concciveil  of  as  a  direct  one.  On 
the  contrary,  we  should  have  to  assume  that  the  ciliary  nerves  starting 
from  the  inflamed  eye  cause  an  irritation  in  the  nerve-center,  which 
is  transmitted  like  a  reflex  to  the  ciliary  nerves  of  the  other  side  and  to 
their  termination  in  the  eye. 

Recently  many  (Leber,  Deutschmann,  and  others)  have  retnrned  to 
the  old  theory  of  transmission  through  the  optic  nerves.  It  is  supposed 
that,  through  the  injury  of  one  eye,  micro-organisms  are  introduced 
into  it  and  multiply  there.  Then  they  are  supposed  to  travel  along 
tlie  optic  nerve  and  its  sheaths  from  one  eye  across  to  the  other  and  to 
excite  inflammation  in  the  latter. 

/?.  Secondary  Iritis  and  Irido-flyclitls  are  the  varieties  whicli  develop 
through  transferpncp  of  the  iiiflammsition  from  neighboring  organs  to  the 
iris  and  ciliary  body.  Inflammationsof  the  cornea  are  the  lesions  that  most 
frequently  give  rise  to  it;  and  among  these  it  is  chiefly  the  suppurative 
keratides  that  are  apt  to  be  very  frequently  complicated  with  iritis.  Of 
the  varieties  of  gclorili.s,  it  is  the  deep  form  which  leads  to  intianimation 
of  the  iris  and  the  ciliary  body.  More  rarely,  inflammations  pass  forward 
from  the  posterior  section  of  the  eye  to  the  iri.«?.  Under  the  head  of  in- 
flammations of  this  sort  belong  chorioiditis  and  detachment  of  the  retina. 
The  iritides  thus  produced  are  u.«;ually  of  a  lighter  sort  or  are  chronic, 
sluggish  forms.     Finally,  we  may  also  put  down  to  the  account  of  sec- 
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ondary  iritia  the  cases  of  iritiä  traumaticm  already  adduced,  in  which 
the  iris  is  not  affoctcd  Ijy  direct  trinuiiatisin,  as  the  iritis  in  swelling  of 
the  lens,  in  luxutiou  of  the  leus,  in  iuira-ocular  tumors,  Cysticercus,  etc. 

That  form  of  »i/jihilitie  iritü  which  is  associated  with  the  formation  of 
noduk's  ia  g'enorally  dcsignati'd  under  the  name  of  iritis  gummosa.  For  it  wna 
believed  that  these  nodular  exudates  were  neccswirily  to  be  regarded  an  gummy 
tumors  on  account  of  their  «liarpiv  circumsscribed  form,  which  gives  thera  some- 
times just  the  api>earance  of  smaii  neophisinfi.  If  we  conformed  to  this  vievr 
we  should  have  to  ascribe  this  form  of  syphilitic  iritis  to  the  tertiary  «tage  of 
syphilis,  which  is  characterized  by  circumscribed  exudates  (gummata)  resembling 
new  formations.  But  in  so  doing  we  should  be  contradicting  clinical  observa- 
tion, which  shows  that  iritis  with  the  fonnution  of  nodules,  always  sets  in  at 
the  same  time  with  the  phenomena  of  the  secondnry  stage.  We  ar«  hence  ju»- 
tifled  in  comparing  the  nodules  in  the  iris  with  the  papules  and  condylonoata, 
which  aim  belong  to  this  sttigt',  and  in  designating  the  iritis  as  iritis  papulo«» 
or  eoiidylomatosu  (Widder).  Another  argument  against  the  gummy  nature  of 
the  nodules  in  the  iris  is  the  fact  that  thiy  never  break  down  nor  suppurate, 
as  gummata  are  apt  to  do.  True  gummata  of  the  iris  do  exist,  however,  but 
tl\e,v  are  e.xtremt-ly  rare. 

Microscopical  exaraiaation  has  proved  thiit  even  in  those  casos  of  syphilitic 
iritis  in  which  no  nodules  are  visible  to  the  naked  eye,  these  may  ncvertheiesa 
exist,  being  simply  too  small  to  project  perceptibly  above  the  surface  of  the  iris 
and  become  visible.  They  give  evidence  of  their  presence  by  the  marked  swell- 
ing of  the  margin  of  the  pujwl  at  a  cLrciimscrilx'd  s|)ot  or  by  a  particularly  bnjiul 
and  firm  adh(;sion  of  the  margin  to  the  capsule  of  the  lens.  The.<o  ap})carunccs 
sliould  therefore  always  excite  a  svispicion  of  the  presence  of  syphilitic  iritis. 

In  addition  tti  these  signs  the  rliaguosis  of  syphilitic  iritis  will,  of  course, 
always  have  to  be  Iwised  upon  the  history  of  the  case  or  ajwu  thedemonstrution  of 
the  presence  of  syphilis  in  the  patient.  But  should  we  call  every  iritis  which  has 
no  characteristic  marks  syphilitic,  simply  because  it  occurs  in  a  syphilitic  person  ? 
In  the  majority  of  cases,  to  be  sure,  we  should  be  right,  since  syjihilis  is,  in 
fact,  the  most  frequent  cause  of  iritis;  but  still  a  sy[)hilitic  patient  may  also 
acfjuire  an  iritis  from  any  other  cause  whatever.  In  the  absence  of  other  guides, 
the  indiciitioo  in  every  case  is  to  initiate  an  antisyphilitic  treatment.  This  will, 
in  most  cases,  cause  ra[iid  improvement  in  iritis  of  syphilitic  origin,  while  other 
kinds  of  aises  are  but  liltle  or  not  at  all  affected;  from  which  fact  a  conclusion 
may  be  drawn  as  to  the  source  of  the  iriti.s.  The  effect  of  antisyphilitic  treat- 
ment is  also  of  assistance  in  making  the  diignosis  in  those  cases  in  which  we 
are  in  doubt  as  to  whether  a  nodyle  in  the  iris  is  of  syphilitic  nature  or  muat  be 
regarded  lus  a  new  formation  (sarcoma,  tubercle). 

8yi>hilitic  iritis  also  occurs  during  intra-iiterine  life;  the  children  then  come 
into  the  world  with  the  rt-mains  of  it,  such  an  syiiechiffi',  occlusion  of  tlic  pupil, 
atrophy  of  the  iris,  and  even  atrophy  of  the  eyeball. 

SvMi'ATiTKTic  ()pnTUAt..'«i.\. — The  symptoms  of  ntfrnjuitfirtir  irritation  which 
generalJy  firecede  the  inflammation  arc  regarded  by  many  a«  sometlung  entirely 
different  from  the  latter  and  having  no  connection  with  it.  They  are  thought 
to  be  produced  through  the  eiiiary  nerves,  whih'  the  transmission  of  the  inflam- 
mation takes  place  through  the  optic  nerves.  It  is  adduced  as  a  proof  of  the 
essential  difference  t>etwecn  irritation  and  inflammatioa  that  the  former  ia  cer- 
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tainly  nnd  permanently  rclipvcd  by  the  enuclcRtion  of  the  eye  orij^inally  af- 
fected, wliile  this  operation  is  powerless  against  sympathefie.  inflammation. 
On  the  other  hand,  it  can  not  be  denied  that  in  very  many  cases  the  symptom« 
of  inflammatiuQ  develoji  so  f;rudually  and  imjRTceptibly  from  the  symptonis  of 
sympathetic  irritation  that  iiu  sharp  line  of  di^^tinrtion  can  be  drawn  between 
the  two,  and  the  iuflutnmatioQ  appears  only  in  th&  light  of  an  exacurbatioD  of 
the  jirodrumal  irritation. 

It  i»  Htijijiosed  that  the  sympathetic  disease  may  appear  not  only  in  the  form 
of  an  irido-cyclitis,  but  also  under  some  other  guise.  The  greatest  variety  of 
afTections  have  been  described  as  sympathetic.  Among  non-inflammatory  afTec- 
tions,  cases  of  paralysis  of  accommodution,  of  amblyopia,  and  of  blepluirospaxm 
have  been  a<ldiiceil  as  sympiithctic  ;  among  inflammatory  alTectioae  in  the  pos- 
terior division  of  the  eye.  neuriti.s  rhorioidilis,  and  giancoma;  and  in  the  an- 
terior division  of  the  eye,  conjimctivitis  and  keratitis.  Most  of  these  aecoimtü 
are  to  be  receive<l  with  great  caution,  because  observers  have  often  gone  too 
far  in  taking  the  symimthetic  nature  of  the  disease  for  granted.  The  fact  that 
an  eye  has  been  destroyed  through  traumatism  by  no  means  justifies  us  in  re- 
garding, without  further  proof,  any  subsequent  disease  of  the  other  eye  as  ayro- 
pathetic.  This  assutuption  should  l>e  made  only  when  such  disease  preM^nts  the 
charncterLslic  clinical  picture  of  sym]Hithetic  irido-cyclitis,  or  when,  up<in  the 
enucleation  of  the  eye  first  diseased,  the  symptoms  in  the  second  eye  recede  too 
rapidly  to  b«  accouuted  f*ir  upon  any  other  assumption  than  that  the  lüTectioq 
of  the  second  eye  was  cuused  by  that  of  the  tirst.  The  converse  of  this  infer- 
ence does  not  hold  g(jod — that  is,  the  fact  that  enucleation  of  the  first  eye  dew?« 
not  influence  the  course  of  the  diffcase  in  the  second  is  no  argument  against  the 
eympathotic  nature  of  the  lesion;  indeed,  it  is  a  well-estabÜHhed  fact  that  when 
«ympnihetic  ophthulniia  has  once  I)rokeu  out,  enucleation  of  the  eye  first  dis- 
eas»!  is  not  generally  able  to  cause  much  change. 

Can  an  irido-cyclitis  of  iumtrftumatie  origin  be  transmitted  to  the  other  eye  f 
We  very  often  sec  irido-cyrlitis  develop  sjiontaneously  first  in  one  eye,  then  in 
the  other.  But  we  must  not  therefore  at  once  conclude  that  the  inflammation 
has  been  transmitted  from  one  eye  to  the  other.  It  may  be  that  we  have  to  do 
with  a  deeply  seated  common  cause,  genemlly  of  constitutional  nature,  which 
makes  itself  felt  first  upon  one  eye,  then  u[>on  the  other.  Nevertheless,  un- 
doubted cases  of  syiniiathitic  inflammation  have  also  been  observed  without  any 
antecedent  traumnlism  or  jierforation  of  the  envelo[)es  of  the  eyeball.  In  this 
category  belong  the  itistnnces  of  irido-cyclitis  in  the  case  of  intra-ociilar  tumor 
and  of  Cysticercus,  in  which  the  presence  of  a  constitutional  disorder  as  the 
Common  cau.se  of  the  disease  of  the  two  eyes  can  be  excluded.  The  fact  de- 
«en'es  mention  that  the  wearing  of  an  artificial  eye  over  an  atrophic  stump  may 
be  the  source  of  sympathetic  inflammation  through  the  iritation  which  it  causes. 

In  regard  to  the  vifth<M(  of  tninjtmiwion  of  the  inflammation,  the  view  that  it 
takes  place  by  the  way  of  the  optic  nerves  is  steadily  gaining  iidlierents.  This 
view  is  chiefly  basted  upon  the  experiments  of  Deutschmiitm.  In  animals,  it  is 
not  possible  to  excite  by  the  injury  of  one  eye  a  sympatlntit'  inflammation  in 
the  other.  Plence  Deutsch  mann  lins  employed  another  raeth<t<l,  namely,  I  he  in- 
jection of  cultivations  of  fungi  (epecially  of  the  St/ipfn/hicorrti«)  either  into  the 
eye  itself  or  beneath  the  sheath  of  the  optic  nerve.  He  found  that  the  fungi 
traveled  from  the  site  of  injection  along  the  optic  nerves  to  the  brain.  At  the 
base  of  the  brain  they  made  their  way  to  the  optic  nerve  of  the  other  side,  and 
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passed  down  upon  this  to  the  eye.  Here  they  set  up  an  inflammation  in  the 
form  of  u  neuritis  of  ihf  intnu-ocular  end  of  the  ojitic  npr>'e,  and  with  this,  in  one 
or  two  cases,  an  irido-cyciitis  was  associated.  The  uiiiniuls,  moreover,  speedily 
perished  from  general  infection.  Whether  the  infiammution  which  Deutsch- 
mann  produced  in  thia  way  in  the  second  ej'e  is  identical  with  sympathetic  in- 
flammation in  man  has  not  ret,  to  be  .sure,  been  certainly  established.  We  aliull 
hfnf^e  have  to  wait  for  further  proof  beforfj  we  can  accejrt  as  perfectly  certain 
the  theory  of  the  transmission  of  the  inflummation  by  way  of  the  optic  nenres. 

72.  Treatment  of  Iritis  and  Cyclitis.— Iq  every  case  of  iritis  and 
cyclitis  it  ia  iuciimbent  ujjou  us,  uu  tlie  oue  liaiid,  to  combat  the  local 
symptoms  {bidkaiio  murbi) ;  on  the  other,  to  remove  the  causes  lying 
at  tlieir  foundation  {indiadio  aiuMilis).  Ia  many  cases  in  wliich  ati 
etiological  factor  is  not  domoustrablc,  we  are  thrown  back  solely  upon 
the  Bymptomatic  treatment. 

1.  Symptomatic  Treatment. — Atropine  is  the  most  important  rem- 
edy in  iritis.  Inasmuch  as  it  contracts  the  iris,  it  necessarily  dimin- 
ishes the  amoimt  of  blood  in  its  vessels,  and  hence  directly  counteracts 
the  hypora>mia.  By  paralyzin»  the  sphincter  it  fulfills  a  second  indi- 
cation which  requires  every  inflamed  organ  to  be  put  at  rest;  the  con- 
stant to-and-fro  movement  of  the  pupil  is  completely  arrested  by 
atropine.  The  third  action  of  atropine  consists  in  its  rupturing  poste- 
rior eynechijB  which  already  exist  and  in  its  counteracting  the  forma- 
tion of  new  ones,  through  the  dilatation  nf  the  pupil  that  it  causes. 
The  amount  of  atropine  administered  must  be  carefully  regulated 
according  to  the  degree  of  the  intensity  of  the  iritis.  During  the 
period  of  increase  of  the  iiiflammution  it  is  usually  difficult  to  obtain 
dilatation  of  the  pujiil,  because  a  spasm  of  the  sphincter  exists.  In 
this  case  we  must  instill  atropine  several  limes  a  day.  If  this  does  no 
good,  we  place  a  little  gi'anule  of  atropine  in  substance  in  the  conjunc- 
tival sac  (for  the  necessary  precautions,  see  page  258) ;  this  is  better 
tliaii  to  instill  the  solution  too  frequently,  by  doing  which  irritation  of 
the  conjunctiva  (atropine  catarrh)  is  readily  set  «p.  By  the  simul- 
taneous employment  of  cocaine  the  action  of  atropine  may  be  height- 
ened. When  the  inflammation  is  »bating,  atropine  is  simply  instilled 
often  enough  to  keep  the  pupil  constantly  ililateil. 

In  cases  of  ii'ido-cyditis  in  which  the  implication  of  the  ciliary 
body  is  particularly  prominent,  and  also  in  cases  of  pure  cyclitis,  atro- 
pine is  not  always  well  borne.  For,  in  pro]>ortion  as  the  iris  becomes 
narrower  and  its  vessels  cuu  contain  loss  blood,  the  vessels  of  the  ciliary 
body  are  overdistended,  since  they  have  to  take  up  the  blood  which 
finds  no  lodgment  in  the  iris.  Ilence,  in  such  cases,  we  must  be  very 
cautious  in  the  use  of  atropine,  and  must  suspend  it  whenever  we  find 
that  the  pain  increases  after  the  instillation.  So  also,  when  an  irido- 
cyclitis is  combined  with  elevation  of  tension,  the  atropine  must  be 
stopped  and,  if  necessary,  replaced  by  a  miotic. 
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In  violent  inflarnination,  moist  warm  compresses  or  jwultices  afTord 
the  best  results,  especiHllv  for  the  relief  of  puin.  Cold  compresses  are 
generally  not  well  borne,  and  are  suitable  only  for  recent  cases  of  trau- 
mntic  iritis.  Extensive  bloodlettinjj  by  means  of  six  to  ten  leeches 
applied  to  the  temple,  or  by  a  Heiirteloup's  artitioiul  leeub,  may  very 
grciitly  diminish  the  inflummatury  symptoms  in  the  bad  cases;  not  in- 
frequently directly  after  such  a  bloodletting  the  pupil  for  the  first 
time  yields  to  tlie  action  of  atropine,  while  before  this  it  had  n-nuiined 
in  a  constant  state  of  spasmodic  contniction.  The  production  of  pro- 
fuse diaphoresis  often  has  a  very  marked  effect.  This  can  be  obtained 
by  the  hypodermic  injection  of  pilocarpine  (one  to  four  centigrammes 
at  a  dose),  or  l>y  tlie  administration  of  a  hot  tisane  with  from  one  to 
two  grammes  of  sodium  salicylate.  Tlie  sweating  may  be  repeated 
daily  or  every  other  day. 

Operutivo procetltin-s  are  for  the  niost  part  indicated  more  in  the 

uelfB  of  iritis  than  in  recent  inflammation.  I^aracentesis  is  per- 
formed whenever  increase  of  tension  sets  in.  It  may  also  be  tried  in 
cases  of  long-persisting  inflammation  which  will  not  yield  to  otlier 
remedies.  As  the  aqiu'ons  escapes,  the  deposits  upon  the  cornea  are 
often  washed  out  with  it,  and  their  eacajto  can  be  facilitated  by  rubbing 
the  cornea;  but  the  removal  of  such  deposits  is  not  the  pro|)er  aim  of 
paracentesis.  Iridectomy  is  performed  only  in  very  exceptional  cases 
while  inflammation  still  cxist.s,  being  done  either  because  in  no  other 
way  can  a  stop  be  put  to  the  iiiflamnmtion  or  on  account  of  an  increase 
of  tension.  Much  more  frequently  it  is  done  as  a  prophylactic  in  cases 
of  recurring  iritis  to  prevent  further  recurrences.  And,  in  fact,  in  many 
cases,  an  end  is  put  once  and  for  all  to  recurrences  by  this  means;  in 
other  cases,  however,  this  successful  result  fails  to  occur. 

A  proper  regulation  of  the  mode  of  life  in  iritis  requires  first  of  all 
protection  from  the  light,  not  only  on  account  of  the  photopliobia  tliat 
is  generally  present,  but  also  beciinse  light  excites  the  pupil  to  contrac- 
tion. For  the  latter  reason  the  protection  against  light  must  be  applied 
to  both  eyes,  since  with  the  contraction  of  the  pupil  of  one  eye  that  of 
the  other  also  tends  to  contract.  The  patient  is  kept  in  a  moderately 
darkened  room,  or  is  made  tu  wt^ar  dark  goggles,  Tliis  is  better  than  a 
bandage,  which  it  would  be  ditflcnlt  to  apply  to  both  eyea.  The  patient 
should  be  moderate  in  eating  and  drinking,  and  should  abstain  from 
spirituous  beverages.  Care  shoidd  also  be  taken  to  secure  bodily  rest 
by  the  avoidance  of  all  phy.sical  exertion  and  in  severe  cases  by  rest  in 
bod.  The  healthy  eye  should  not  be  strained  by  reading,  etc.  More- 
over, it  ia  importjint  to  see  that  the  bowels  move  easily. 

'l.  Causal  Indication. — With  reference  to  the  etiological  factor, 
syplnlitic  iritis  gives  the  moat  favorable  prognoses,  since  it  generally 
yields  promptly  to  an  energetic  antisyphilitic  treatment.  The  chief 
requisite  is  promptness  of  action,  since  we  are  dealing  with  a  lesion  iii 
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which  a  few  days  may  produce  great  an»!  lastin«^  damage  (by  the 
formation  of  a  seclusio  orocclnsio  pupillae).  Hence  mercury  is  selected, 
and  this  is  best  applied  iu  the  form  of  inunction  (two  to  four  gmmmes 
of  bhie  ointment  being  rubbed  in  daily).  The  inunctions  should  be 
kept  uji  until  the  diseased  eye  has  be<*ome  perfectly  free  from  discolor- 
atiou  and  then  jjotassinm  iodide  (up  to  three  grammes  a  day)  may  bo 
used  for  after-treatment.  In  iritis  due  to  hereditary  syphilis  less 
value  is  attributed  to  specilic  antisyphilitic  treatment  and  more  to  the 
strengthening  of  the  organism  as  a  whole. 

In  iri/i»  rhenmaticn  sodium  salicylate  is  administered,  although 
not  always  with  succea<?.  This  drug  also  does  good  service  sometimes 
in  iritis  gonorrbnioa  and  iritis  diabetica.  In  the  former  variety  I  have 
also  emjdoved  with  advantage  the  oil  of  gaullheria  (fifteen  tlrops  per 
diem  in  capsules). 

In  iritia  traumatica  the  causal  factor  is  first  of  all  to  be  done  away 
with,  in  case  it  still  continues  to  act.  Foreign  botlies  arc  to  bo  re- 
moved from  the  iris ;  portiona  of  the  iris  that  are  much  contused  oi 
are  iiujarcerated  are  to  be  excised.  A  swelling  or  luxated  lens  causing" 
iritis  must  be  removed  from  the  eye.  To  combat  the  inflammation  of 
the  iris,  besides  atropine  iced  compresses  are  employed  in  cases  which 
are  very  recent.  With  respect  to  tliose  traumatic  iritides  which  follow 
an  operation,  the  moat  important  part  belongs  to  prophylaxis.  This 
consists  in  strict  antisepsis  during  the  operation  ;  ami,  as  a  matter  of 
fact,  since  this  has  been  employed  such  iritides  have  become  much 
more  rare. 

Irido-cycUlis  »ympathicn,  too,  is  very  amenable  to  prophylaxis, 
while,  when  it  has  once  broken  out,  it  often  resists  treatment  of  every 
kind. 

(rt)  The  only  certain  prophtflactic  firattnent  of  sympathetic  inflam- 
mation consists  in  the  enucleation  of  the  ey©  which  might  give  rise  to 
it.  This  is  the  case  in  every  eye  which  has  been  made  blind  by  injury 
and  is  painful  either  8iioiitaneou.Hly  or  upon  pressure.  Most  emphati- 
cally rcfjuiriug  enucleation  are  eyes  which  are  suspected  to  contaia 
foreign  body  A  coutra-indication  to  euucleatioa  is  present  only  when' 
the  injured  eye  has  still  a  serviceable  residue  of  visual  power  or  can 
get  it  through  an  operation.  Wlien  this  is  not  the  case,  enucleation 
should»  under  the  circumstances  above  given,  be  performed  withont  de- 
lay. Iu  extreme  cases,  if  the  patient  can  not  bring  himself  to  consent 
to  enucleation,  it  is  permissible  to  wuit  until  the  prodromal  symptoms 
of  sympathetic  disease  make  their  apjiearance,  sinre  even  in  this  stage 
enucleation  is  generally  still  able  to  prevent  the  outbreak  of  8ymp.i- 
thetic  inflammation. 

(h)  When  sympathetic  ophthalmia  has  already  broken  out,  the 
effect  of  enucleation  is  uncertain.  In  the  lighter  cases  it  appears  to 
exert  a  favorable  influence  upon  the  course  of  tlie  sympathetic  inflam- 
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raation ;  in  sevcro  oases,  on  the  contrary,  it  is  often  of  no  use  and 
appeurä  somolinu-s  aotuiilly  to  increase  the  inllammation  in  the  second 
eye.  licnce  we  wait  fur  an  abiitement  of  the  inHammatury  »ymptoms 
in  the  second  oyo  before  porforming  enuelcjition. 

The  sympathetic  intiuTnniation  itself  is  to  be  treated  according  to 
ineral  rules.  Of  especial  importance  ia  the  protection  of  the  diseased 
"eye  from  liglit,  which  is  most  jierfectly  attained  by  long-continued 
bandaging  »•£  the  oyo.  Operations  generally  give  a  bad  result,  since 
they  start  up  the  inflammation  again,  so  that  the  newly  formed  pnpil 
is  once  more  closed  by  fresh  exudate.  Hence  operations  are  done  only 
when  it  is  absolutely  rcfjoisite  (c.  g.,  when  done  on  account  of  increase 
of  tension);  other  operations,  such  as,  for  example,  an  iridectomy  for 
optical  purposes,  are  put  off  as  long  as  possible,  preferably  for  years. 

73.  Treatment  of  the  Seqiiela  of  Iritis  and  Irido-cyclitis.— /.io/rt/«/ 

pns/erwr  .•<i/nrrhi(e  can  often  be  rujitured  by  the  eniployment  of  atro- 
pine Here  it  is  not  so  nineh  a  long-continued  action  as  a  very  ener- 
getic one  that  is  required,  and  this  is  most  certainly  secured  by  placing 
atropine  in  substance  in  the  conjunctival  sac.  Still  more  effectual 
sometimes  is  the  alternate  use  of  miotics  and  mydriatics,  the  pnpil 
being  first  contracted  with  eserine,  then  suddenly  and  energetically 
dilated  with  atropine.  But  since  the  iris  is  nnule  hypera?mic  by  eserine, 
attempts  of  this  sort  must  not  be  made  until  some  time  has  elapsed 
since  the  occurrence  of  the  iritis. 

It  is  frequently  )i<issible  to  rupture  syneohiae  which  are  narrow  and 
drawn  out  into  a  [joint,  while  broad  synechiae  (such  as  occur  after 
syphilitic  or  sympathetic  iritis)  withstand  all  attcmj>t8. 

Annular  posivrior  Kynechia  (seelusio  pupillii')  deamntls  iridectomy 
unconditionally,  the  object  being  to  restore  the  communication  between 
the  anterit>r  and  posterior  chambers.  The  operation  is  often  difficult 
on  account  of  the  shallowness  of  the  anterior  chamber  (due  to  protru- 
sion of  the  iris),  and  also  on  aiH^ount  of  the  atrophy  of  the  iris.  Accord- 
ingly, we  must  often  be  contented  if  we  succeed  in  making  a  small 
opening  in  the  iris.  Then  the  anterior  chamber,  in  consequence  of  the 
restoration  of  the  connection  between  the  two  chambers,  regains  its  nor- 
mal depth,  so  that  a  second  iridectomy  can  be  perfornie4  later  under 
more  favorable  conditions. 

In  simple  seclusio  pupillro,  the  iridectomy  is  made  upward ;  if  occlu- 
sion is  at  the  same  time  present,  it  is  made  inward.  The  latter  rule 
also  holds  good  for  those  cases  in  which  occlusion  alone  exists  (see 
§  lfi6). 

J\)tal  poslfirior  nynechia  also  requires  iridfictnmy,  which,  however, 
is  often  void  of  result,  as  on  account  of  the  a«lhesion  between  the  sur- 
faces of  the  iris  and  the  lens  it  is  frequently  impossible  to  excise  a  suf- 
ficiently large  piece  of  the  iria,  or  because  the  pigment-layer  of  the  iris, 
which  has  grown  fast  to  the  lens,  remains  attached  to  it.     In  such 
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cases  the  only  tiling  to  be  done  is  to  remove  tho  lens,  too,  even  if  it  is 
still  transparent  (WcnzeFs  extraction).  If  the  lens  is  atrophied  or 
absent,  iridectomy  ia  indicated  (see  §  158). 

Too  much  caution  can  not  be  inculcated  in  re/;ard  to  the  senseless  employ- 
ment of  atropine,  wliich,  unfortunatclj',  ia  stiil  carried  on  by  many  general  prac- 
titioners, who  bjstill  ati-opine  in  every  kind  of  eye  disease.  In  niuny  cases — e.  g,, 
ill  conjunctival  catnrrh — atropine  ia  not  only  superfluouii,  but  also  cauBcs  the 
patient  annoyance  through  the  di.sturbancc  of  vi.siun  connected  with  its  use; 
and  in  eyes  \vhi<'h  hiive  a  tendency  to  gluucuma,  atropine  may  actually  inflict 
gn»at  injury  by  detennining  an  attack  of  acute  glaucniim.  Accordingly,  atro- 
phic sliould  be  empUjyed  only  upon  (luitc  sjMicitic  indications,  and  should  be 
applied  no  oftciier  than  ia  ref|uisite  to  obtain  just  the  re.suU  deBired.  Even  in 
iritis,  atropine  ia  useleHs  if  the  pupillary  mar^nn  h  adherent  to  the  capsule] 
throughout,  and  the  iris  hence  can  not  retract. 

If,  after  au  hritis,  one  or  two  po.sterior  «ynechisB  are  left  which  do  not  rupt- 
ure when  atropine  in  euergotically  employed,  we  ab.stain  from  further  treatment 
of  them,  since  they  gencruUy  do  no  harm  to  the  eye.  At  tlic  present  time  we 
have  entirely  desisted  from  rtkasing  them  by  ojieration  (corelysis,«.  When, 
however,  an  annular  .synechia  is  present,  we  ovight  not  to  let  it  stay,  but  must 
makeau  iriihetomt/.  Thi*<  is  also  indicated  in  those  cases  in  which  the  sccluMioa 
of  the  jiupil  h  not  yet  indeed  complete,  but  ia  on  the  verge  of  being  so,  only 
one  small  spot  of  the  pupillary  margin  being  free  from  it.  For  if  we  are  deal- 
ing with  a  chronic  irido-cycliti*.,  we  can  count  upon  thia  email  sjwt  soon  becom- 
ing adherent  too,  and  in  that  case  it  is  better  not  to  wait  for  the  development 
of  complete  seclusion  of  the  pupil.  It  ia  particularly  a<lvisab!e  not  to  do  bo  if 
the  patient  live.^  far  from  the  pliysician,  and  might  perhaji»  let  the  jiroper  mo- 
ment for  the  iridectomy  [)as8  by. 

In  csÄi'H  of  chronic  irido-chorioiditis,  iridectomy  is  not  only  mcclianically 
efficient  by  removing  the  »eclusto  pupillBB,  but  it  also  has  a  favorable  influence 
upon  the  entire  nutritive  condition  of  tho  eye.  The  vitreous  clears  up  and  Ibe 
sight  improvcH,  often  for  »piite  a  long  time.  If  an  operation  is  done  upon  eye«  • 
which  liiive  already  begun  to  grow  noftcr — that  is,  are  on  the  road  to  atrophy — 
the  eve  in  favorable  cases  fills  out  again,  and  the  ocular  tension  becomes  normal. 

In  cases  of  iritis  after  injury  the  lens  is  very  frequently  found  to  be  wounded 
too,  and  consequently  npacpie  and  swollen.  lu  auch  case!^  the  removal  of  the 
lens  ehould  not  be  undertaken  unless  an  im|jerative  üidicntiou  for  it  exist« — 
e.  g.,  when  the  »welling  of  the  lens  must  be  regarded  as  the  cause  of  the  iritis, 
or  if  it  jirochuies  elevafinn  of  tension.  Otherwise  it  is  better  to  put  off  the 
extraction  of  the  lens  till  a  time  when  all  the  inflammatory  symptoms  have  sub- 
sided, because,  if  this  is  not  done,  an  exacerbation  of  the  existing  inflammation 
might  be  caused  by  the  operation. 

Although  enitcleation  gen<Tu]ly  affords  a  sure  safeguard  against  sympa- 
ihetic  inflammation  of  the  other  eye,  Devcrthck'sa  a  series  of  cases  is  known  in 
which,  in  spite  of  enucleation,  inflammation  has  subsequently  made  its  appear- 
ance. In  every  instance  it  has  set  in  within  a  short  time — from  a  few  days  to  a 
few  weeks — after  the  enucleation.*  It  must  probably,  therefore,  be  aasumed 
that  at  the  time  of  the  enucleation  the  transfer  of  the  iuflamuiatton  had  already 
begun.     Yet  even  in  thia  ca.%  enucleation  docs  not  fail  to  exert  a  favorable 

*  The  longest  interval  so  far  observed  has  been  thirty-two  days  (Snoll)^ 


DISEASES  OF  THE  IRIS  AND  OF  THE  CILIARY  BODY.      29ft 

effect,  since  in  the  {jroat  majoril^v  of  these  cases  tlic  »yni pathetic  injlumtnution 
runs  an  unusualij'  favorable  course,  prububly  becau-se  the  removal  of  the  first  eye 
prevent«  the  constaDt  emüsion  from  it  oi  nt:w  iiiipulHCB  for  the  production  of 
inäammation. 

II.  Inj  I' KI  Ks  OF  the  Ikis. 

74.  In  addition  to  what  has  already  been  said  in  the  previoiiB  sec- 
tions in  regard  to  injuries  of  the  iris  and  tlieirconsequpnceg,  the  fdUovv- 
ing  special  varieties  of  injury,  which  are  most  freqtientJy  observed  after 
contusions  of  the  eye,  may  be  mentioned  : 

1.  Under  the  name  of  iridt>tli(ili/.sis*  is  designated  the  separntimi 
of  the  iris  from  the  ciHury  body.  We  then  find  on  one  side,  at  the 
ciliary  margin  of  the  iris,  a  black  crescent  which  is  formed  by  the  aepa- 
ration  of  the  iris  from  ita  insertion  at  this  i>i{)ot,  so  that  we  can  look 
into  tlie  ijiterior  of  the  eye  ( Fig.  <.»3).  When  the  sepfiration  is  pretty 
considerable,  the  edge  of  the  lens  (/),  the  ciliary  procesaea  (p),  and  the 
fibers  of  the  zonula  of  Zinn  stretching  between  Ihe  two  can  be  recog- 
nized by  loeanä  of  lateral  illuniiuutiou  in  the  gap  that  ia  thus  produced. 


^^#"' 


I  Fia.  n.— iRIDODlALTSm.      MjOHiriED  2  »  1 . 

'"'The  mipillarj  tnftivtn  »t  a  \a  mniic  to  aU>pe  olT  In  n  sAr&lght  line.  At  a  point  ooiTMpoattliiR  to 
tliL«  K|u>r  (hu  iris  Is  8«>pArBt«d  from  th>'  clllarr  bo<lr  iM><t  te  narrower  and  Boniewfiat  fulJirO. 
In  thf  interval  between  th«  Iris  and  the  marifin  of  the  cornpu  are  seen  the  marfcUi  of  Ihe 
Wds,  {.  and  the  apices  of  the  ciliary  proceMe«.  /> :  the  Anv  radialiiii;  sirlatlon  betwerti  the 
two  structurea  cormpouda  to  the  xonula  of  ZInn.  fc,  circulu»  iridht  nilnur  ;  c,  couiractlon 
furrowa. 


The  pupil  has  lost  it«  round  form,  owing  to  the  fact  that  the  pupillary 
margin  toward  the  side  of  the  iridotlialysis  has  shortened  so  as  to 
occupy  the  chord  of  an  arc  instead  of  tlie  arc  itself  (Fig.  fiS,  n).  The 
cause  of  this  inward  displacement  of  the  pupillary  margin  lies  in  the 
fact  that  the  separated  portion  of  the  iris  is  stretched  in  a  straight  line 
by  the  contraction  of  the  sphincter.  By  this  means  it  is  witlidrawn 
from  its  insertion  in  the  ciliary  body,  and  ils  reunion  with  the  latter  is 
rendered  forever  impossible.  The  sight  is  hut  little  affected  by  irido- 
dialysis;  the  only  thing  being  that,  if  the  eye  is  not  accurately  focused, 
monocular  diplopia  may  occur,  due  to  the  formation  upon  the  retina  of 
an  image  both  by  means  of  the  pupil  and  also  of  the  peripheral  open- 
ing i^  g  123).  ' 

Iridodialysis  may  occur  to  any  extent,  from  a  scarcely  perceptible 
tear  to  complete  separation  of  the  iris  from  its  ciliary  attachment.     In 

*  From  fytt,  iris,  and  Btdxitau,  separation. 
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the  latter  case  the  iris  becomos  folded  up  into  a  ball  which  sinks  to 
tiie  bottom  of  the  ciiainber,  atid  which  by  tlie  uoxt  day  has  ührunkcu 
into  an  iufonspicuous  little  gray  mass.  If  a  rupture  of  the  srk-ra  has 
been  at  tlic  same  time  produced  by  the  injury,  the  separated  iris  may 
be  expelled  altogether  from  the  eye  through  the  scleral  wound,  lu 
both  coses  complete  absence  of  the  iris,  irideriinia*  or  aniridia \ 
traumatica.,  is  produced. 

2.  lindrnting  Itu-erafiouft  which  start  from  the  pupil.  These  may 
extend  to  the  ciliary  margin,  so  that  the  pupil  at  the  site  of  laceration 
appears  to  be  prolonged  in  the  form  of  a  pointed  Gothic  arch  to  the 
nmrgin  of  the  cornea.  Sm-li  large  hiceralioiis,  however,  are  rare. 
Generally  the  pupillary  nmrgin  is  tiimply  torn  into  a  little,  and  the 
laceration  gapes  so  slightly  that  it  is  discovered  only  upon  careful  exami- 
nation, especially  with  the  aid  of  a  niagnifyiug-glass.  Such  small  lacer- 
ations are  the  most  freipient  cause  of  the  dilatation  of  the  pupil 
{fiiydria-iin  Inntmnficu)  which  develops  after  contusions  and  which  is 
founded  upon  the  weakening  or  paralysis  of  the  sphincter  due  to  the 
laceratiim.  This  iridoplegia  may  disafipear  entirely  in  favorable  cases, 
but  in  others  a  nuHlerate  dilatation  of  the  pupit  remains  permanently. 
The  ciliary  muscle,  too,  may  be  paralyzed  by  a  contusion,  as  manifested 
by  the  dimintUion  of  the  amplilintoof  accommodation  (recession  of  the 
near-point). 

3.  Introversion  of  the  iris  (.\niTnoji)  consists  in  the  bending  back- 
ward of  tlie  iris  in  sucli  a  way  that  it  gets  to  lie  upon  the  surface  of  llie 
ciliary  body  (o,  Fig.  64).  The  iris  is  then  invisible  in  its  ordmary 
position,  just  as  if  it  were  wanting  there.  Total  introversion  of  the 
iris  is  very  rare.  Partial  bending  backward  of  the  iris  is  more  fre- 
quently observed,  especially  in  scleral  mixtures  at  the  place  correspond- 
ing to  the  rupture.  Here  the  iris  seems  to  be  wanting,  and  a  coloboma 
appears  to  exist  just  as  if  an  iridectomy  had  been  made  (see  page  21?). 
In  rupture  of  the  sclera,  however,  a  piece  may  really  be  torn  out  of  the 
iris,  so  that  a  true  cohbmua  traumaficum  is  formed. 

Injuries  of  the  iris  are  generally  accompanied  by  haemorrhage  into 
the  anterinr  chamber.  The  blood  which  arises  frrnn  the  rn[itured  ves- 
sels of  the  iris  sinks  rapidly  to  the  bottom  of  the  ehaniber  {hyphwma)^ 
and  for  the  most  part  disappears  by  resorption  within  a  few  days. 
Then,  and  not  before,  are  we  able  to  investigate  completely  the  damage 
which  tlie  iris  has  sulTered  from  tlie  injury,  and  we  find  perhaps  an 
iridodialysis  or  radiating  lacerations.  But  often  even  then  it  is  impos- 
sible to  discover  a  solution  of  continuity  in  the  iris,  and  so  the  source 
of  the  bleeding  remains  unknown.  In  many  of  these  crises  the  blood 
is  supposed  tn  come  from  a  laceration  of  Schlemm's  canal  (C'zermak). 

Treatment. — If  the  symptoms  of  irritation  after  the  injury  are  par- 


•  From  Ipit  and  iprifda,  loneliness,  want. 


f  From  d  Tirivative,  and  Jpit. 
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ticularly  marked,  we  apply  iced  compresses  for  several  days ;  in  other 
cases  it  is  sufficient  to  keep  tlie  injured  eye  under  a  bandage  and  to 
injure  quiet  on  tlie  ]KirL  of  the  patient,  secured,  if  need  be,  by  rest  in 
bed.  If  an  iridodialysis  can  be  made  out,  we  instill  atropine  in  order 
that  the  contracting  sphincter  shaU  not  draw  the  iris  farther  away 
from  its  point  of  uttacliincMit ;  in  radiating  lacerations,  however,  atro- 
pine is  contra-indicuted,  because  it  would  make  the  hicerations  gape 
still  more.  Iritis  is  generally  not  to  bo  apprehended  after  injuries  of 
the  iris  not  connected  with  perforation  of  the  membranes  of  the  eye. 
With  reference  to  the  Ireatinenl  of  jierf orating  injuries,  see  page  2'il. 

IridiMUalysia  is  sometimes  unintfiitiouatly  produced  in  opcnitions  upon  the 
iris.  If  the  eye  that  is  beirij^  opcnitid  ujKjn  nuikes  a  violent  movement  at  the 
momrnt  when  the  operator  p^rasps  the  iria  with  the  forceps,  the  iris  may  by  this 
uteiinä  lie-  st-panititl  fnuii  its  inst'rtion 
to  a  varying  extent,  or  even  be  torn  out 
of  the  eye.  Great  bicmorrhiige  into  the 
anterior  chiimber  is  always  the  result 
of  thi«  unfortunate  accident.  In  iri- 
dectomy ilone  on  account  of  occlusion 
of  the  pupil,  irido(lialysi.s  may  "l.so  lie 
pr«)duced  in  the  following  way:  The 
ojvenktor  gm.sps  the  iris  and  tries  to 
dniw  it  out  of  the  woun<i.  To  effect 
thin  it  ought  fir.-^t  to  Ix'  set  free  from  the 
pupillary  mcmbnine.  But  if  the  con- 
nection l>etween  the  latter  and  the  iris 
18  very  firm,  the  two  do  not  «epanite, 
but  the  membnine  niwl  also  the  iris  of 
the  opposite  side  follow  the  course  of 
the  traction,  so  that  iin  iridodialysis  is 
produced  upon  the  side  opposite  the 
iridectomy.  Ilence,  in  suth  cases,  the 
iri«  ought  Hlwuys  to  Ik?  first  released 
from  the  pupilliiry  membrane  by  lateral 
movements  of  the  forceps  before  it  i« 
drawn  out  of  the  wound. 

Iridodialysis  is  produced  in  a  non- 
traumatic way,  wbeu  neoplasms  of  the 
ciliary  body  grow  out  into  the  anterior 
chamber  so  as  gradually  to  push  the 
iria  away  from  it.s  inm^rtioa  (cf.  also 
ptge  388). 

To  account  for  the  above-desrrilH'd  traumatic  changes  in  the  iria,  two  fac- 
tors have  to  Iw  taken  into  consideration.  The  first  is  based  upon  the  flattening 
which  the  rornea  undergo«-s  through  the  mootiisirm,  and  through  which  its  cir- 
cumference and  consei|uently  also  the  eirele  of  in8<Ttion  of  the  iris  Ix-corae 
larger.  (See  in  Fig.  04  the  eye  denoted  by  the  dotted  line. )  If  this  enlargement 
takes  pla^'e  suddenly,  the  iris  can  not  adapt  itself  to  it  and  tears  away  in  places 
from  itä  insertioa,  so  that  iridodialysis  is  produced  (ArIt).     The  wcond  factor 
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The  i>i>m<>a  Is  flatU'ne«].  and  o<}iw(>qiM>&tlr  the 
siiiipous  iH  pwtlK<<l  backward  by  ttie  force 
which  iictM  upnn  Ihe  wriUjr  of  the  «H>nM?a, 
r.  in  th<>  ilfreetliiii  iiri,.  As  a  result,  of 
this.  th<-  IriH  lu  it«  lower  part.  m.  bulges 
out  in  ilie  fomi  of  a  aac,  but  at  it«  upper 
imrt,  /).  i%  e(>rn|>let(>ly  revened.  ao  ■•  lu 
IHiiiit  HiralKl't  backward.  (See  alao  the 
explanaiiuu  uf  Fi«;.  43,  p.  JM.) 
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conaists  in  the  circumstance  tliat  the  blow  witich  strikes  the  cornea  and  flattens 
it  out  Ills«  puslics  the  »wjueous  buck  ward.  The  latter  tends  to  recede  und 
pushes  ajiiiinst  the  pustcrior  null  uf  the  auterior  diumber,  which  it]  the  area  of 
the  pupil  is  foriuc<l  Ijv  the  lens  ami  in  the  rest  of  ita  extent  by  the  iris.  The 
hitter,  wlifu  pushed  backwiird,  finds  a  siip|ii(rt  in  the  Ions  except  at  its  mar- 
ginal portion  which  lies  outside  of  the  marsiin  of  the  lens.  Here  the  posterior 
chamber  is  deepest  and  is  bounded  posteriorly  only  by  llic  feeble  zonula  of 
Zian.  The  periphery  of  the  iris,  therefore,  fnrms  the  most  yielding  spot  in  the 
posterior  wall  of  the  anterior  clinniber  and  the  one  which  is  the  first  to  give 
way  before  the  pressure  uf  tlie  receding,'  aqueous.  Hence  the  iris  is  bulged  out 
biiokwitrd  by  the  iu|ueou9  in  the  form  of  a  sac  extendin<j  as  far  as  the  zonula,  or,, 
if  this  ruptures,  evuw  into  the  vitreous  (Fig.  M,  w).  The  direct  con8e<|uence«' 
of  this  dislocation  uf  the  iris  are  1hre<;fold:  marked  stntchJiit;  of  the  fibers  of 
the  iris  in  a  ntdinl  direction;  dilatation  of  the  pupil;  and,  (inally,  in  extreme 
cxses,  rupture  of  the  zonula.  The  first  factor  may  result  in  iridudialysis.  The 
sudden  dilatation  of  the  pupil  may  cjuise  nidiatiaif  lacerations  of  the  sphincter 
and  consequently  ])uratysis  of  the  latter.  The  nipture  of  the  zoimla  eatises 
tremuJimsness,  subUixation,  or  luxation  of  (he  lens.  If  the  dilutatitnj  of  the  iris 
is  of  a  flittficiently  hig^h  dej^ree,  the  lens,  which  is  no  Ioniser  hi-ld  in  place  by 
the  zonula,  nniy  slip  throujLrh  the  pu[)il  into  the  anterior  chamber,  where  it  is 
then  held  ciiplivc  by  the  iris,  which  ajjain  contracts  behind  it  (luxation  of  the 
lens  intfi  the  iintertor  chamber).  Finally,  the  sac-like  inversion  of  the  p<jriphcry 
of  the  iris  may  be  so  extensive  that  the  iris  at  one  sjMit  is  completely  reversed 
and  points  straight  backward  (^Fig.  Ö4,  v),  and  introversion  of  the  iria  is  pro- 
duced (Förster). 


III.  Tlmors  of  the  Iris  and  Cili.iry  Body. 

75.  1.  Ci/iif.<  of  the  frit. — Seratis  cysts  occur  in  the  iris,  which  arc 
filled  with  a  cioar  substance,  and  which  <lovcJofi  within  the  stroma  of 
the  iris,  so  that  their  walls  are  formed  by  rarefied  iris-tissue.  They 
devek»]!  after  penetrating  vvounds  of  tlie  eyeball,  and  grow  very  gradu- 
ally until  tlu'y  have  reached  the  ])ostcriür  surface  of  the  cornea,  and 
fill  at  least  half  the  anterior  chanjber.  Then  elevation  of  tension 
is  siiperaddet],  and  in  consequence  of  this  the  eye  becomes  entirely 
blind  To  prevent  this,  the  cysts  mnat  be  removed  in  season  by  a« 
operation.  This  U  performed  by  making  an  incision  at  the  margin  of 
the  cornea  at  a  point  corresponding  to  the  cyst ;  the  forceps  is  en- 
tered through  the  incision,  and  the  cyst,  together  with  the  adjoining 
iris,  is  drawn  out  and  excised.  Often  complete  removal  is  not  possible, 
in  which  case  a  recurrence  of  the  cyst  is  to  be  expected,  which  will 
require  a  new  operation. 

2,  Tiiberctilusiif  of  thf  Iris:. — This  is  observed  in  children  and  youngi 
pooplo.  It  occurs  a.s  disseminated  (miliary)  tulierculosis  and  as  con- 
globated (solitary)  tubercle — i.e.,  either  in  the  form  of  small  nodules 
or  as  a  larger  growth  resembling  a  neoplasm.  Eyes  attacked  by  tuber- 
culosis of  the  iris  are  usually  tost,  but  cases  of  spontaneous  recovery 
have  also  been  observed.     In  consideration  of  this  fact,  we  at  first  con- 
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fine  ourselves,  in  the  lighter  cases,  to  an  expectant  treatment,  in  which 
the  hygienic  management  of  tuberculosis  must  phiy  the  ehief  pjirt.  But 
if  the  disease,  nevertheless,  keeps  on  and  blinduess  is  impending,  it  is 
bettor  to  remove  the  eje  by  enucleation,  that  it  may  not  be  the  eource 
of  a  further  extension  of  the  tuberculosis. 

3.  iSarcomabi. — Sarcomuta  of  the  iris  «re  for  the  most  part  pig- 
mented, brown  tumors,  which  grow  at  first  very  slowly,  afterward  mure 
rapidly,  until  they  fill  the  ariierior  chamber,  and  fimdiy,  breaking 
through  the  envelopes  of  the  eye,  extend  their  growth  exteriorly. 
Sarcomata  of  the  r.Uiary  body  remain  for  a  long  time  unnoticed,  since 
they  are  covered  by  the  iris.  It  is  not  until  they  have  reached  a  cer- 
tain size  that  they  are  seen  as  a  brown  projection  behind  the  iris,  or  are 
recognized  by  their  growing  forward  into  the  anterior  chamber.  This 
latter  process  tjikes  place  at  the  angle  of  the  chamber,  wliere  they  jiush 
the  iris  away  from  its  insertion  (iridoilialysi.»;).  With  regard  to  their 
subsequent  course,  sarcomata  of  the  iris  and  the  ciliary  body  resemble 
those  which  spring  from  tlie  cliofiuid,  to  which  reference  must  be  made 
for  particulars  (§  H(>).  The  only  treatment  for  these  tumors  is  rmliail 
removal,  which  should  be  performed  as  early  as  possible.  Very  sniail 
sarcomata  of  the  iris  can  be  removed  by  iridectomy,  those  parts  of  the 
iris  whidi  bear  the  nodules  of  the  tumor  being  excised.  Larger  sar- 
comata of  the  iris,  and  also  sarcomata  of  the  ciliary  body,  require  enu- 
cleation of  the  eye  without  delay. 

Stunt»  eytt*  of  the  iris  are  a  very  nirt'  aflection.  They  appear  under  the  form 
of  gmyish,  transparent  vesicles  who^e  anterior  waU  usually  showH  still  one  or  two 
fibers  of  rarefied  iris-tiasiie,  and  also  some  pigment.  When  they  have  reached 
the  jiosterior  Hurface  of  the  conn-a,  tliey  flntten  nut  upon  it,  while  the  comca  at 
the  point  of  ap|>iisiti<>n  becomes  tloiidy,  a.s  it  ulway«  does  wheo  in  contact  with 
foreijjn  tissue.  Meanwhile  the  i  V8t  lias  already  reached  the  pupillary  nmririn  of 
the  iris  and  pushes  it  forward  irtto  the  pujijl,  mo  that  the  latter  Ijeoomes  kidney- 
shnpod,  and  afterward  even  redut-ed  to  a  Hiit.  Moreover,  the  cyst  keeps  extend- 
ing buckwnnl,  too,  and  thus  induces  obliquity  and  afterwiird  opacity  of  tlie 
leiM.  All  these  factors  give  rinc  to  disturbance  of  vision,  which,  to  be  sure,  is 
frequently  unnoticed  by  the  patient,  whose  vision  has  already  been  impaired  by 
the  injury. 

Still  more  rare  than  fierou«  cysts  are  the  prttrl-rt/gt«,  wliieh  are  distinguished 
from  the  serou«  eyst»  by  their  contents,  which  are  jjultaceous,  tallowy,  or  like 
gruel;  in  rare  cnnes  hair»  are  also  found  in  them. 

MicrOBCopicjil  examination  of  the  cysts  has  proved  that  their  walls  are  formed 
by  iris-tissue,  while  their  inner  »urffice  is  lined  with  epithelium,  winch  Bceretes 
the  »erou!«  contents  r)f  the  cyst;  in  the  pearl -cysts  the  pultaccnus  contents  are 
formed  by  theepitheli.il  cells  which  are  constantly  thrown  off  from  the  inner 
surface  and  undergo  fatty  diKintegration. 

How  do  cysts  arise  ?  Norrrwdly  there  arc  nowhere  in  the  iris  either  glands 
or  epitlii-liurn.  so  that  the  ordinary  retention-cysis  are  not  to  Ik»  thought  of. 
The  epithelium  must  have  been  brought  into  the  iri«  from  outside.  How  this 
is  possible  i»  clear  to  us  when  we  remember  that  cysts  of  the  iris  develop,  as  a 
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rule,  only  after  penetrating  injiu-ies.  By  means  of  the  body  which  causes  the 
injury  »omt;  ejiithclium  from  tht;  outride  is  torn  off  of  the  edges  of  the  lids,  the 
conjunctiva,  or  the  cornea,  or  ])erhaps  &  cilium  i»  torn  off  with  its  follicle,  and 
these  are  currii'd  into  the  eye.  There  they  are  deposited  iu  the  anterior  cham- 
ber, or  j)erJiH[>s  in  the  tissue  of  the  iris  ilwlf.  The  e|)ithi'1iTim  iuqtlunted  here 
finds  favnndile  conditions  for  its  nutrition  and  keeps  on  prowinf^;  afterward  a 
cavity  forms  inside  of  it  through  the  accumulation  of  fluid,  which  pushes  the 
epithelial  cells  njwrt  and  converts  them  into  a  coating  for  the  newly  formed 
cyst-cavity  (Buhl,  Rothmund).  In  support  of  thin  explanation,  which  up  to 
this  time  appeara  to  be  the  beat  one,  experimental  implantationg  of  fragment» 
of  living  tissue  have  been  made  in  the  chamber  of  the  eye  (Doremaal,  (.iold- 
zieher).  The  intn)duced  tii^.sue  becomes  vascularized  by  the  vessels  of  the 
iris  and  grows  to  a  certain  size,  after  which  it  undergoes  regression.  An  at- 
tem[)t  has  been  made  to  .account  for  the  develofHuent  of  the  cysts  in  another 
way.  Do  Wecker  aswumcs  that  a  part  of  the  posterior  chamber  is  converted 
into  a  sac  by  means  of  posterior  synechia;,  and  afterward  through  accumulation 
of  liquid  dilates  into  a  cyst-cavity.  According  to  Alt,  anterior  »ynechiae  also 
can  prodnce^  sacculations  of  this  sort.  Everbusch  thinks  that  at  first,  in  conse- 
quence of  the  injury,  a  separation  of  the  innermost  lamellse  of  the  ligamentum 
])('ctinatum  takes  place  (e.  g.,  through  the  extravasation  of  bl(»od  beneath  it). 
This  separatinn  kee|is  going  on  in  a  centripetal  direction,  so  tlial  the  tissue  of 
the  iris  is  gradually  forced  apart  a.s  far  us  the  pupillary  margin  into  two  layers, 
the  walls  of  the  cyst.  With  regard  to  the  ntre  CJiscs  of  spontaneous — i,  e., 
non  traumatic — cysts  of  the  iris,  Schmidt-Kimpler  conjectures  tliat  they  arise 
from  a  closure  of  the  orifice  of  a  crypt  with  subsequent  accumulation  of  fltiid 
in  its  cavity.  Not  to  be  confounded  with  the  cysts  of  the  iris  are  the  cj/t- 
ticemu  ccMicte»,  which  in  very  rare  cases  are  observed  in  the  anterior  chamber. 
They  either  lie  fret  iu  tlie  latter  or  are  attticlied  to  the  anterior  surface  of 
the  iris. 

Tubereuhm»  of  the  iris  is  a  very  rare  disease,  which,  however,  is  well  under- 
stood, as  it  can  be  produced  c.xperinjentally,  Cohnh<!iin  has  shown  that  tuber- 
culous iritis  can  Ite  set  up  by  the  introduction  of  tuberculous  masses  into  the  an- 
terior chamber.  The  tuberculous  masses  (fragments  of  excised  tuberoulouit 
lymphatic  glands,  gninulations  removed  from  tuljerculous  joints  by  scraping, 
etc.)  mttstbe  a.-w'ptic — i.  e.,  free  from  pyogenic  germs — as  otherwise,  upon  their 
inoculation  into  the  anterior  chamber,  violent  irido-cyclitis  or  even  panophthal- 
mitis would  be  [iroduced,  by  which  the  eye  would  tie  destroyed.  It  is  safer, 
therefore,  to  em[tloy  pure  cultures  of  tubercle  bacilli  for  the  inuculation.  The 
fragments  of  tul>ercttl(»ua  tissue,  when  introiluced  into  the  anterior  chamlicr,  ex- 
cite there  a  slight  irritation,  which,  after  a  few  days,  disappears  again.  As  the 
fragment.s  of  tissue  themselves  arc  also  rapidly  absorbed,  the  eye  soon  appears 
perfectly  norma!  again,  jus  if  the  inocuUtinn  had  remained  without  result.  But 
in  twenty  or  thirty  days  afterward  the  eye  begins  to  iMiconu-  red  on<!c  more,  and 
the  phenomena  of  iritis  make  «heir  appearance ;  at  tlie  same  time  small  gray  nod- 
ules are  noticed  in  the  iris.  Tliese  increase  in  number,  become  confluent,  after- 
ward till  the  anterior  chamber,  ami  tliially  break  their  way  through  to  the  outside. 
Generally  the  animal  ex|>eriniented  ou  afterward  perishes  from  the  development 
of  general  tuberculosis  due  to  infectiim  starting  from  the  eye.  Tuberculous 
iritis  is  employed  us  a  means  of  demonstrating  the  tubercular  nature  of  ex- 
cised pieces  of  tissue,  for  which  purpose  we  introduce  the  latter  into  the  ante- 
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rior  cliambcr  of  a  mbbit's  eje,  and  see  if  tuberculous  nodules  develop  after  the 
usual  period  in  the  iris. 

The  tuberculosis  of  the  iris  experimen  tally  introduced  in  animals  is  a  pri- 
mary tulx-rculosis,  but  luljierculodi»  of  the  in»  in  man  is  secondary — i.  e.,  has 
originated  from  another  tuberculous  focus  somewhere  in  the  body.  As  a  mat- 
ter of  fact,  in  most  eases  of  tnbercTuloais  of  the  iris,  signs  of  tuberculous  disease 
in  other  organs  (lungs,  lymphatic  glands,  bones,  etc.)  are  also  found.  In  miuiy 
casefl,  to  be  sure,  the  patients  appear  to  have  been  perfectly  heultliy  up  to  the 
time  of  their  eye  trouble,  but  even  in  these  cases  a  primary  tuberculous  focus 
(e.  g.,  caseotis  bronchial  glands),  although  not  demonstrable  clinically,  must  be 
assumed  to  exist — in  fact,  the  iris,  on  account  of  its  protected  situation,  can 
not  be  infected  by  tul>erc]c  bacilli  from  without,  as,  for  example,  the  conjunc- 
tiva can,  in  which  primary  tuberculosis  is  not  so  very  mre.  Direct  tul>erculou8 
infection  of  the  iris  wtmld  l>e  conceivable  only  as  a  consequence  of  |icnetratjng 
wounds — a  thing  which  I  have  actually  observed  in  one  instance. 

Duaemiruited  tuiiemilmU  of  the  iris  occurs  in  man  under  the  form  of  on 
iritis,  which  jireacnts  as  its  characteristic  feature  the  small,  gray,  transparent 
nodules  spoken  of.  These  arc  in  a  state  of  con.stant  change,  some  disnp])earing 
while  others  are  being  newly  formed.  Kecovery  may  fiually  üike  place;  more 
frequently,  however,  atrophy  of  the  eyeball  occur»  in  consequence  of  plastic 
irido-cyclitis.  The  disease  often  appears  on  both  sides.  Uomoval  of  individual 
nodules  through  excision  by  an  iriclertomy  of  the  |Mirtion  of  iris  Iwaring  them 
is  generally  useiess,  since  new  nodule»  form  iifttTwanl  hi  other  parts  of  the  iris. 

The  aolitury  tiitirrcl«  has  hitherto  been  observed  only  upon  one  side.  It  either 
develops  simultaneously  with  the  miliary  nodules,  or,  more  frequently,  without 
them  and  without  any  symptoms  of  iritis,  so  that  it  resembles  a  neoplasm ;  in- 
deed, it  was  at  first  described  as  such  by  Von  Qraefe,  under  the  nauu>  of  gntnu- 
hmii,  because  Virchow,  who  made  the  anatoiuical  examination  of  the  tumor. 
designated  it  as  granulation-tissue.  Its  subsequent  course  seems  at  first  to  con- 
firm the  diagnosis  of  n  neoplasm,  since  the  tumor  keeps  growing  constantly, 
and  finally,  perforating  the  cornea  near  its  margin,  forms  a  proliferating  mass 
outside.  But  then,  instead  of  u  larger  tumor  developing  from  this,  which 
keepe  growing  on  indefinitely,  the  tumor  breaks  down,  so  that  ultimately  noth- 
ing is  left  of  the  eyelwll  but  an  atrophic  stump,  llnab  was  the  first  to  bring 
proof  of  the  fact  that  these  tumors,  formerly  designated  as  granulomaU»,  arc 
tubercles.  As  far  as  treatment  is  concerned,  however,  this  mistake  in  diagnosis 
would  be  of  little  significance,  since  enucleation  is  indicated  alike  in  the  case 
of  a  neoplasm  and  in  that  of  a  granuloma.  Tlie  eye  which  beure  a  granuloma 
is,  in  fact,  lost  for  purposes  of  vision,  and  may  become  the  source  of  a  general 
tuberculous  infection.  Solitary  tuberculous  tumors  have  also  been  observed  in 
the  ciliary  bf>dy. 

There  arc  cases  in  which,  owing  to  the  formation  of  nodules  in  the  iris, 
the  clinical  picture  of  a  disseminated  tul>orculosis  is  simulated,  while  another 
disease  is  at  the  Ixittom  of  them.  So  it  is  in  the  rare  cases  of  iritis  with  the 
fommtion  of  nrwiules  in  leukitmia  and  pseudo-leukaemift.  Similar  case«,  fur- 
thermore, are  tho.>*e  in  which  nodules  havf  fornu'd  in  the  iris  with  violent  in- 
flammatory symptoms  some  months  after  the  hair  of  a  caterpillar  had  got  into 
the  eye.  Examination  of  the  excised  nodule  shows  that  it  contains  cater])illar- 
hairs,  which  have  bored  their  way  through  the  cornea  and  into  the  iris  (Pagen- 
Btecber,  Weiss,  Wagcnmonn). 
20 
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The  name  of  granuloma  of  the  iria  has  also  been  Iwstowod  upon  pfmniilatinp 
prolupnes  of  tlie  iris  when  tht-y  dovelop  into  sinal),  mush  room- shaped  growths, 
it  is  better  not  to  use  this  designatinn;  it  gives  rise,  on  the  one  hand,  to  con- 
fusion with  the  tubercle»  called  granuloma,  and,  on  the  other  hand,  to  the  in- 
correct as.4uinption  that  the  thing  in  question  is  a  npoploam. 

Bvnign  tumors,  called  tnehuwsndta^  occur  in  tht-;  iria.  Tliey  are  found  under 
two  different  forms:  The  first  consists  in  the  outgrowth  of  n  blackish  tumor 
from  the  stroma  of  the  iris  into  the  anterior  chamber.  This  kind  of  melauomn 
arises  from  the  proliferation  of  the  pigmented  »troma-cells  of  the  iris.  The  sec- 
ond kind  of  melauonia  has  its  seat  at  the  pupilliiry  margin  of  the  iria.  It  develops 
from  the  cells  of  the  retinal  pigmeut-larer  at  the  spot  where  it  is  reflected  upon 
the  anterior  surface  of  the  iris  at  the  edge  of  the  pupil.  Here  amnll  black 
nodules  develop  which  project  into  the  pupil.  Sometimes,  in  consequence  of 
the  alternating  mi:ivcments  of  the  pupvl,  they  become  separated  from  the  pupil- 
lary margin  and  then  lie  free  in  the  anterior  chamber.  A  feature  common  to 
both  kinds  of  melanoma  i.**  that  they  are  benign  tumors  which  reach  only  a  cer- 
tain size.  Neverthetes!»,  ca-ses  arc  known  in  wl)ich  pigmented  sarcomat«  have 
afterward  developed  from  melanomatu  of  tlie  Ibst  kind. 

The  differential  diagnosis  of  tumors  of  the  iris  sometimes  presents  difficulties. 
A  non-pUjmniUd  nodular  tumor  in  the  iris  may  be  a  syphilitic  growth  (papule 
or  gumma),  a  solitary  tultcrcle,  or  an  unpigmented  sarcoma.  The  distinguish- 
ing marks  are  as  follows : 

1.  The  sarcomata  contain  most  vessels;  the  syphilitic  growths  have  fewer, 
the  tuberculous  masses  scarcely  any  vessels  passing  through  them.  In  the  case 
of  the  tubercles,  smmli  gray  tuberculous  nodules  of  characteristic  appearance  are 
Bometinies  found  in  the  neighborhood  of  the  large  tumor. 

3.  Papules  of  the  iria  are  situated  only  at  its  pupillary  and  ciliary  margins 
— never  at  other  spots — while  other  tumors  may  take  their  origin  from  any 
point  whatever  of  the  surface  of  the  iris. 

3.  With  syphilitic  and  tuberculous  tumors,  Iritis  ap{>ear8  earlier  than  with 
Barcomata. 

4.  Tubercle  is  found,  as  n  rule,  only  in  people  under  twenty,  while  both 
the  other  kinds  of  tumors  usually  occur  after  that  age. 

5.  Particular  importance  must  be  attached  to  the  general  examination  of 
the  patient,  with  the  ptirpoRe  of  determining  whether  symptoms  of  syphilis  or 
tuberculosis  are  found  in  other  organs.  In  doubl  ful  ca-ses  it  is  justifiable  to 
initiate  an  energetic  mercurial  treatment,  from  the  result  of  which  a  conclusion 
may  be  drawn  as  to  the  nature  of  the  tumor. 

Amon^  the  pigmented  tumors,  pigmented  sarcomata  and  mclanomata  (of 
the  first  variety)  restimble  each  other  exceedingly.  They  can  be  distinguished 
with  certainty  only  by  determining,  from  the  previous  history  or  from  observa- 
tion, whether  a  process  of  growth  exists  or  not. 

As  tumors  of  very  rare  occurrence  may  be  mentioned  :  Vascular  tumors 
(Mooren,  Schirmer) ;  myomata  (Ijigranffe)  and  myo-sarcomata  (De  Wecker  and 
Iwanoil,  Dreschfeld,  Deutschraann)  springing  from  the  ciliary  muscle;  and, 
lastly,  lepra  nodules  (Bull  and  Hansen). 

IV.  Disorders  op  Motility  of  the  Iris. 

76.  Disorders  of  motility  of  the  iris  manifest  tlieinselves  in  dimin- 
ished reaction  of  the  latter,  but  chiefly  in  alteration  of  the  diameter  of 
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the  pnpil.  This  alteration  is  particularly  striking  when  the  disease 
affects  but  one  eye,  so  that  a  difference  in  the  pupils  {ütiisocoria  *)  re- 
Bolts.  This  is  always  to  lie  regarded  as  a  puthological  conditiun,  since 
in  the  normal  state  the  two  pupils  are  of  tlic  same  size  under  all  cir- 
cumstances. Tiie  pathological  alterations  of  the  diameter  of  the  pupil 
comprise  dilatation  (mydriasia),  and  contraction  (miosis)  of  the  pupil. 
Either  of  these  conditions  may  be  brought  about  by  8})asm  (active  or 
spastic  states)  or  by  paralysis  (passive  or  paralytic  states).  Spastic 
mydriasis  is  produced  by  active  contraction  of  the  fibers  which  dilate 
the  pupil;  paralytic  mydriasis,  on  tlie  contrary,  by  paralysis  of  the 
sphincter.  The  converse  is  true  of  miosis.  Spastic  miosis  is  to  be  re- 
ferred to  contraction  of  the  sphincter ;  paralytic  miosis  to  paralysis  of 
the  fibers  which  dilate  the  pupil. 

(a)  Mydriasis. 

Spastic  mydriasis  accompanies  conditions  of  cerebral  irritation  of 
the  most  widely  differing  kinds. 

Paralytic  mydriasis  is  far  more  frequent.     It  i.s  can.sed  by  paraly- 

of  tlie  fibers  of  the  oculo-motor  nerve,  whose  branches  innervate 
tlie  intrinsic  muscles  of  the  eye — i-  e.,  the  sphincter  pupillae  and  the 
ciliary  muscle.  These  two  muscles  are  hence  generally  found  to  be 
paralyzed  simultaneously.  The  oculo-motor  paralysis  may  be  a  dif- 
fused one — i.  e.,  affect  several  or  all  of  the  branches  of  the  nerve — or 
it  may  be  confined  to  the  pupil  (either  ulone  or  in  conjunction  with 
the  muscle  of  accommodation).  Such  isolated  jyaralyses  occur — 1. 
In  the  beginning  of  chronic  cerebral  diseases.  2.  In  syphilis.  3. 
Through  the  action  of  poisons.  Among  these  belong,  first  of  all, 
the  alkaloids  known  as  mydriatics.  Paralysis  of  the  pupil  and  of 
accommodation  al.so  occur  in  case  of  poisoning  by  the  toiic  prin- 
ciples of  putrefaction  (rotten  meat,  fish,  sausages,  etc.).  4.  After 
diphtheria  (cf.  §  151). 

Paralyses  of  the  pupil  and  of  accommodation,  occurring  after  con- 
tusions and  in  case  of  increased  ten-iion,  are  accounted  for  by  an  en- 
tirely local  lesion  of  the  sphincter  and  the  muscle  of  accommodation. 
In  the  case  of  contusions,  besides  the  concussion,  small  lacerations  and 
extravasations  of  blood  into  the  muscles  are  also  met  with.  In  the  case 
of  increjised  tension  the  paralysis  is  produced  by  the  pressure  upon 
je  nerves,  with  which  is  very  soon  associated  atrophy  of  the  mus- 
lar  fibers  themselves. 

The  dilatation  of  the  pupil  in  complete  blindness  (amaurosis)  is  not 
to  be  regarded  as  a  disorder  of  motility  of  the  iris,  but  simply  as  a 
physiological  cessation  of  the  pupillary  reflex  when  the  perception  of 
light  is  deficient 


*  From  k  privative,  Km,  equal,  and  ttifn,  pnpiL 
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(Ä)  Miosis. 

Spastic  miosis  is  observed  in  beginning  meningitis.  The  greatest 
degree  of  spastic  miosis  is  produced  by  the  alkaloids  which  contract 
the  pupil  (miotics) ;  other  poisons,  such  as  opium,  chloral,  and  nico- 
tine, also  cause  contraction  of  the  pupil,  though  in  less  degree. 

Pnrahjtic  miosis  is  one  of  the  most  importaut  symptoms  of  paraly- 
sia  of  the  cervical  sympathetic.  Moreover,  it  very  frequently  accom- 
panies spinal  lesions,  especially  tabes  dorsalis  JSpinal  miosi«  is  very 
often  distinguished  by  the  fact  that  the  pupil  has  ceased  to  react  to 
light,  while  it  still  contracts  synchronously  with  accommodation  and 
convergence  (Argyll- Robertson  phenomenon;  see  page  2G1). 


Enlargement  and  diminution  of  the  pupil  in  themselves  cause  no 
considerable  interference  with  vision  if  they  are  not  combined  with 
paralysis  of  accommodation.  Hence  they  are  but  seldom,  in  them- 
selves, the  subject  of  treatment;  their  chief  significance  lies  in  their 
being  an  important  symptom  of  a  deeply  seated  abd  wide-spread  dis- 
order. This  latter,  therefore,  as  a  rule,  is  alone  the  object  of  treatmenL 
Paralytic  mydriasis  may  be  treated  symptomatically  by  miotics  and 
electricity. 

Paraly»i»  of  the  nympathetk  is  characterized  by  a  series  of  Symptoms  which 
Honier  was  the  first  to  descril>e  fully.  The  pupil  is  contractt'd  through  ponily- 
bIb  of  the  fibers  which  dilate  it — a  fnct  which  is  particularly  manifested  in  tlie 
uon-dilatatioD  of  the  pupil  when  the  eye  is  »haded.  The  palpebral  fissure  is 
smaller  in  consequence  uf  drooping  of  the  upper  lid.  This  moderate  ptosiB  is 
caused  by  the  paralysis  of  the  smooth  Tnusculur  fibers  iti  the  upjwr  lid  (the  mus- 
culus  palpebralis  superior  described  by  Möller),  which  are  su])pljed  by  the  sym- 
pathetic. The  eyeball  itself  often  seems  to  have  nunk  back  into  the  orbit  and 
to  be  less  tense.  An  iniporttvnt  symjitom  is  the  difference  in  the  fullnes«  of  the 
veaeels  on  the  two  «idea  of  the  face.  In  a  recent  jKiralysis  the  face  ia  redder 
and  warmer  on  the  paralyzed  side ;  afterward,  the  op{M>site  is  the  caae,  the  pura- 
lyj»d  side  being  paler,  cooler,  and  no  longer  sweating  (a  thing  easily  made  out 
in  men  by  the  hat-lining,  which  is  stained  with  sweat  on  one  side  and  not  on 
the  other).  The  causes  of  sympathetic  luinilysis  are  usually  the  coarser  lesions 
of  the  nerre  in  the  neck,  such  as  injuries  of  an  accidental  nature  (omong  others, 
those  resulting  from  a  fracture  of  the  clavicle),  or  those  inflicted  in  the  extirjia- 
tion  of  tumors,  or  pressure  by  tumors  (most  frequently  goitre  or  enlarged  lym- 
phatic glandn).  Among  central  diseases  lesions  nf  the  spinal  cord,  such  as  tabes 
or  injury  of  the  upjMirmüst  part  of  the  cervical  cord,  have  been  üb9er\-ed  as  the 
cause  of  sympathetic  ]>aralysia.  In  many  cjises  it  is  imfwssible  to  find  n  cause. 
The  paralysis,  in  addition  to  the  inconsiderable  disfigurement  due  to  the  slight 
ptoatfl,  causes  no  annoyance,  and  not  infrequently  is  first  discovered  accidentally 
by  the  physician. 

Under  the  name  of  hippu4  is  designated  a  pathological  condition  which  con- 
sists in  a  constant  and  rapid  change  in  the  diameter  of  the  pupil.     Since  even 
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uader  phjsiolo^ical  conditions  the  pupil  n^rcr  remains  quite  at  rest,  it  in  UkuI 
to  draw  the  line  between  physiologic«!  and  jiHthologicai  in(|uietude  of  the  pupil, 
and  many  lx.'licve  that  a  genuine  hippus  does  not  exist. 

For  dirtonler»  of  motility  of  the  ciliary  body,  see  under  the  anomalies  of  ac- 
comicodatioa  ()  ISl). 

V.    CONOBKITAL  ANOMALIES   OF  THE   IrIS. 

77.  1.  Membrana  Pupillaris  PerseveroM  (persistent  pupillary 
membrane). — This  consists  of  a  gr&y  or  brown  tisane  which  lies  upon 
the  anterior  capsule  of  the  loua  in  the  region  of  the  piijiil.  and  is  usu- 
ally connected  with  the  iris  by  brown  filaments.     Very  frefjuently  only 


Fro.  W  — Rnjinm  op  m  PrniXAiT  Mkmbiumbs. 

Tblsrt*««  tmulpr  the  form  nt  «  ntnall  fllain«nt,  c,  from  the  clrnilus  minor  irldi«.  and  nifl«  to  the 
pupil,  in  the  center  of  which  tt  iH'cmnes  a(tAohe<l  to  a  small,  round,  white  •ni  !  ^  ^  icily. 
In  «pltenf  thf  flldnu-nl.  iIih  IdWt-r  half  i>f  the  iris  has  relnicltMt  wl<l«-ly  m  .-.  »o 

l-hat  the  nUiineiit  is  icreutly  eloiiKate^l  :  hut  the  iixifier  part  of  th«  iri»  Ik  )< ,  iwo 

pcMterior  «yneehla*  (<t  and  b)  from  subniiUinif  readily  to  tJie  •vllou  ot  Mrv|iiue,    lore  eac> 
plaoatiou  to  Fig.  M.  > 

those  filament«  are  present  which  run  from  one  portion  of  the  pupil- 
lary margin  to  the  opjwsite,  and  thus  bridge  over  the  pupil,  or  which 
pass  from  the  iris  to  the  capsule  of  the  lens.  They  bear  a  great  re- 
Bmblance  to  the  posterior  synechia  remaining  after  iritis,  but  do 
iot,  like  the  latter,  rise  from  the  pupillary  nuirgin  itself,  but  outside 
of  it,  from  the  circulus  iridis  minor,  which  lies  on  the  anterior  sur- 
face of  the  iris  (r,  Fig.  (»5),  and  which,  as  embryology  shows  (see  page 
207),  gives  off  the  veüsels  for  the  pupillary  membrane. 


Tin.  Ml— OaitonnTAL  Ooloboma  or  tbh  Iitni.    BsfLAiOKO  S«l. 

The  pparnhaT»''!  popll  I«  encompmrj  by  the  pphluetw,  which  gr*->»i»  morraud  in«»  narrow 
lu'lnw.  bi  iliKi  ni  the  loweMt  part  of  the  col(il>oma  II  la  no  lon)(er  vlnllile  :  im  the  other  hand, 
the  blaolc  friiiK»-  )wloii|;inK  «o  the  retinal  piKineni  of  the  Irta  ia  herv  prupurtiutuUely  broader 
The  contraction-furrows  of  the  iria  are  onJy  preiMsat  In  Ua  upper  part. 

2,  CoM'oma*  Iridis. — Congenital  coloboma  of  tljo  iris  is  always 
situated  below.     The  pupil  is  continued  downward  to  the  margin  of 

*  From  KoKi^ita,  mutilation. 
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tlie  cornea,  growing  narrower  all  the  time,  so  that  it  has  a  pyriform 
shape  with  the  apex  at  the  lower  margin  of  the  cornea  (Fig-  Gl).  The 
sphineter  lines  the  margin  of  the  pupil  together  with  the  coloboma  as 
far  as  the  apex  of  the  latter.  Congenital  coloboma  is  thus  distiu- 
guished  from  the  artificial  one  made  by  iridectomy.  In  the  latter  the 
sphincter  is  wanting  in  the  course  of  the  coloboma,  because  it  has  been 
excised;  it  is  seen  to  end  with  sharp  edges  at  the  boundary  between 
pupil  and  coloboma  (cf.  Fig.  101,«  and  Aj).  Coloboma  of  the  iris  is 
very  frequently  combined  with  coloboma  in  the  chorioid  and  in  the 
ciliary  body  (see  ^  81),  and  sometimes  also  with  a  smalt  indentation  of 
the  edge  of  the  lens  (coloboma  of  the  lens)  at  the  spot  corresponding 
to  the  coloboma  in  the  iris. 

3.  Iridi'reitiia  {aniridia). — The  iris  may  be  wanting  either  alto- 
gether or  all  except  a  small  residual  portion.  This  defect  is  frequently 
complicated  with  congenita]  opacities  in  the  cornea  or  in  the  lens. 

4.  Ertopia  PupiJhf* — Even  in  the  normal  eye  the  pnpil  is  not  pre- 
cisely in  the  center,  but  ia  usually  placed  a  little  below  and  to  the  inner 
side  of  it.  While  usually  this  can  be  noticed  only  upon  careful  exami- 
nation, there  are  cases  in  which  the  displacement  is  so  great  as  to  be 
obvious  at  once;  indeed,  the  pnpil  may  bo  situated  (juito  excentrically, 
in  the  neighborhood  of  the  corneal  margin.  The  displacement  has 
been  observed  to  occur  indifferent  directions,  and  is  frequently  compli- 
cated with  a  corresponding  dislocation  of  tho  lens  (ectopia  lentis). 

The  congenital  anomalies  above  described  are  found,  for  the  most 
part,  on  both  sides.  They  arc  apt  to  be  inherited,  so  that  they  are 
frequently  found  in  several  members  of  the  same  family;  they  arc  often 
also  met  with  in  conjunction  with  other  congenital  anomalies.  For 
the  latter  reason  the  disturbance  of  sight  is  often  much  more  consid- 
erable than  would  be  expected  from  the  optical  conditions.  In  such 
eyes  there  frequently  exists  very  great  myopia,  hypermetrojna,  or  astig« 
matism,  or  deficient  development  of  the  retina  or  of  the  whole  eye  it- 
self, the  latter  being  considerably  smaller  than  usual  (microphthalmus). 

PertUtffit  pnpiUary  membrane  is  of  comparatively  frequent  occurrence  in 
new-born  iiiffanta,  but  afterward  disappears,  except  in  the  few  cases  in  which 
rcmuBnts  of  it  persi.st  durini;  the  wholt^  Ufe.  The  brown  filament»  stretching 
frwm  the  |>U|nl  tu  the  capsule  of  the  len»  are  blood-vessel»  which  liave  bera 
obliteruted  und  envelojied  in  pigment.  Thej*  do  not  binder  the  free  movement 
of  the  pupd.  Moreover,  under  atropine  Ibe  pupil  dilutes  ad  maximum  without 
Buffering  any  change  in  its  roundness,  because  tlie  filaments  are  so  extremely 
extensible.  In  this  fact  i«  jiresented  a  further  mark  distinguishing  the  pupillarj' 
membrane  from  ttie  syneehite  acquired  through  inflammation. 

Congenital  tol^/lxmut  of  the  arid  occurs  under  different  forms.  Besides  the 
j)ear-8haped  colobomata  alMive  described  there  arc  sometime«!  ob.Hervcd  some  in 
which  the  pupil  has  tlie  shape  of  a  key-hole,  as  Ln  artificial  coloboum.    A  special 
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variety  La  the  bridge  colobuma.  In  this  the  pupil  is  Bcpuratod  from  the  colo- 
boraa  by  a  narrow  tlirentl  of  iristiüwue,  winch  stretches  like  a  bridge  from  one 
pillar  <jf  till'  tolobuina  U)  tlui  other.  Inirouiplete  coloboninta  arc  of  compfirativcly 
frequpnt  occurrencf,  tliere  is  then  simply  a  shallow  indculHtion  of  the  pupillary 
loargiu,  or  the  portion  of  the  iris  corresponding  to  the  culoboma  is  distinguished 
by  H  different  color,  whicli  ia  generally  due  to  the  absence  of  the  anterior  layers 
of  the  iris  at  thifl  ]ioint. 

Cataract,  and  getierntly  cataract  of  u  complicated,  inoperable  character,  fre- 
quently develops  in  eyes  affected  with  coloboma  of  the  iris.  If  I  may  be  allowed 
to  judge  from  one  case  whose  course  I  have  myself  observed,  this  is  effected  in 
the  following  way :  The  retina,  which  is  adherent  lo  the  niargjit  of  the  colobomit, 
undergoes  the  same  sort  of  tnntion  that  it  does  when  adherent  to  a  scleral  cica- 
triK  (see  l>age  225).  In  consequence  of  the  traction,  detachment  of  the  retina 
takes  place — at  lirst  only  at  the  edge  of  the  colobonia,  but  afterward  in  the 
whitle  extent  of  the  retina.  The  clouding  of  the  lens^  then,  is  to  1m?  regarded 
simply  as  the  consequence  resulting  in  the  usual  way  from  the  total  detachment 
of  the  retina. 

The  formation  of  a  coloborua  is  accounted  for  upon  the  ground  of  incom- 
plete closure  of  »he  frrtal  ocular  ttssure ;  but,  as  this  lies  at  the  lower  aide  of 
the  ej'eball,  congenital  coIobiHnala  ure  likewise  directed  downward.  (For  a 
more  precise  account,  see  under  Colobomataof  theChorioid,  S  81.)  This  expla- 
nation, of  course,  does  not  ap|ily  to  those  extremely  rare  cases  of  congenital 
)lobomata  which  are  not  situated  below.  I  myself,  a  short  time  since,  saw  a 
igenital  coloboma  of  the  ordinary  pear-shape,  which  was  directed  upward. 

Id  regard  to  the  frequent  coDgenital  anomalies  in  the  coloration  of  the  iris 
sec  I  57. 


CHAPTER  VI. 
DISEASES  OF  THE  CHORIOID, 

I.  Inflammation  of  the  Chorioid, 

78.  Inflammation  of  the  chorioid  (chorioiditis)  prodaces  exudates 
which,  lis  iu  tlie  case  of  every  other  inflammation»  may  either  disappear 
again  by  reeoqjtioti  or  may  go  on  to  supjniration.  Hence  we  distin- 
guish between  chorioiditis  non-suppurativa,  commonly  known  as  cho- 
rioiditis exudativa,  and  chorioiditis  suppurativa-     If  the  inflammatiou 


ria.  07.— CnoRroiDtTiB  DiseiEXT»*Tjk.    (AlTKR  Pe  WiecltEH.'» 

Tbat  the  ehorloiititm  ha«  attackwl  a  myopic  «^yp  ean  b<>  rtHXijrniii«]  from  the  nlrophlc  ort«o«nC 
wiiich  Inclose«  the  luipilla  u|xm  thi<  t«mporäl  sJdp.  Th«-  crt'stfnt  is  sharplv  rti'fln«*«!  Iit  Ihe 
sclt^ral  riuB  on  the  side  of  the  jmpiJIu,  and  by  the  piirment  rine  on  the  tfiii!«  iruf  nido,  ami  anowa 
•»verywhe-rti  remnlnH  of  the  chorioiilni  veawelst  anil  nltio  of  piKnH'nt,  Thf  chnrloMitlc  f<x-l 
occupy  chiefly  llie  I'quatdnal  lutrl«  of  th«  funduK.  They  arc  white,  with  a  Unlag  of  pJKinent 
of  iptvaU'T  nr  icsi  width  ;  many  also  have  spot«  of  pifoiieiit  in  their  intt'rior.  The  rc-tinal 
vewu'U  are  perfe4.-tly  dUtUict  as  they  pass  across  the  spotü  and  their  pigment— 1.  e.,  they  He 
in  front  of  the  lalt«r. 

remains  confined  to  the  chorioid  proper,  as  is  especially  apt  to  bo  tlie 
cjise  iu  the  nnn-siippurative  forma,  all  exterior  signs  of  intlammation 
are  absent.  The  eye  looks  normal  externally,  and  the  disease  mani- 
festj»  itself  to  the  patient  only  through  the  disturbance  in  sight — to  the 
physician,  only  through  ophthalmoscopio  examination.  But  if  the 
disease  passes  over  to  the  anterior  portion  of  the  uvea  it  becomes  recog- 
nizable exteriorly  throngli  the  symptoms  of  cyclitia  and  iritis  (iri'rfo- 
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chorioiditis).    This  extension  of  the  disease  forward  is  the  rule  in  vio- 
lent indammations,  and  hence  in  the  suppurative  forms. 

A.  Chorioiditis  Exudativa  {non-svppnrativa). 

Symptoms. — Exudative  chorioiditis  appears  for  the  most  part  un- 
der thv  form  of  isolated  foci  of  inflammation  scattered  over  the  chori- 
oid  (Figs.  07  and  C8).  While  still  recent  they  appear,  when  seen  with 
the  ophthalmoscope,  as  yellowish,  indistinctly  outlined  spots  which  lie 
beneath  the  retinal  vessels  upon  the  red  fundus  oculi.  The  yellow 
matter  is  the  exudate,  which  hides  the  red  of  the  normal  chorioid.  In 
proportion  as  the  exudate  disappears  by  resorption  the  chorioid  again 
comes  into  view,  but  in  an  altered  state ;  it  is  atrophic,  deprived  of  its 
j)igment,  and  in  part  convertetl  into  cicatricial  connective  tissue.  Hence, 
after  the  disapjiearance  of  the  yellow  exudate,  the  diseased  spot  is  seen 
to  become  of  a  lighter  color.  Where  the  chorioid  has  grown  altogether 
atrophic,  a  white  spot  exists,  because  the  white  sclera  is  seen  through 
it;  in  other  cases  remains  of  the  vessels  and  of  the  pigment  are  recog- 
nized in  the  white  cicatrix.  Afterward  the  pigment  often  proliferates» 
BO  that  the  chorioiditic  spots  appear  lined  with  black  pigment  or  cov- 
ered with  black  spots  (Fig.  C?).  The  decolorized  or  pigmented  spots 
remaining  after  chorioiditis  may  properly  be  characterized  as  cicatrices 
of  the  chorioid. 

It  is  easy  to  see  that  the  retina,  which  directly  adjoins  the  chorioid, 
18  also  sym pathetically  affected  in  those  spots  where  the  chorioid  is 
diseiused.  If  the  implication  of  the  retina  is  partit^nilitrly  prominent, 
we  speak  of  retino-chorioiditis.  Moreover,  the  exudates  from  the  cho- 
rioid pass  not  only  into  the  superimposed  retina,  but  also  through  the 
latter  into  the  vitreous.  Opacities  of  the  vitreous  thus  produced  are 
hence  an  almost  constant  accouipaniment  of  chorioiditis. 

It  is  the  implication  of  the  retina  and  vitreous  which  causes  dis- 
iurbanceg  of  vision  of  various  kinds,  and  thus  direct«  the  patient's 
Attention  to  the  eye.  The  vision  is  diminished  as  a  whole  on  account 
of  the  cloudiness  of  the  vitreous  and  the  hypera'mia  of  the  retina.  But 
in  those  spots  in  which  inflammatory  foci  exist,  sight  may  be  entirely 
abolished,  so  that  insular  defects  (scotomata)  are  present  in  the  field  of 
vision  (.**ce  page  2.'»).  Owing  to  the  fact  that  the  retina  over  the  focus 
of  inflammation  is  pushed  forward  and  its  elements  are  brought  out  of 
their  normal  Kituation,  objects  whose  images  full  upon  the  retina  may 
appear  distorted  (mctamorphopsia) ;  straight  lines,  for  instance,  appear 
bent  in  various  directions.  As  long  as  the  inflammation  is  recent, 
symptoms  of  irritjition  of  the  retina  manifest  themselves ;  subjective 
sensations  of  light  (photopsia)  exist,  such  as  spots  before  the  eyes, 
sparks  and  balls  of  fire,  etc.  These  phenomena  cause  the  patient  an- 
noyance and  anxiety,  sometimes  to  an  extreme  degree.  When,  after 
the  subsidence  of  the  inflammatioD,  atrophy  of  the  chorioid  and  of  the 
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superimposed  layers  of  the  retina  has  takeu  place,  the  phenomena  of 

defieieucy — i.  e.,  gaps  in  the  field  of  vieion — take  the  place  of  the  phe- 
nomena of  irritation.  The  influence  which  the  scotomuta  exert  upon 
the  sight  in  general  depends  primarily  upon  the  place  they  occupy  in 
the  fundus.  Peripherally  situated  Bcotomata  cause  but  little  disturb- 
ance of  vision,  even  when  they  are  pretty  numerous;  and  if  they  occur 
only  in  one  or  two  places  they  usually  escape  the  patient's  notice  alto- 
gether. On  the  other  hand,  when  a  scotoma  occupies  the  site  of  the 
yellow  spot  the  disturbance  of  vision  is  as  great  as  in  the  preceding 
case  it  is  trivial ;  direct  vision  is  then  destroyed,  and  the  eye  becomes 
unserviceable  for  fine  work.  The  first  case  would  be  met  with  in  the 
chorioiditis  represented  in  Fig.  67,  the  second  in  Fig.  C8. 

The  ctmrse  of  the  chorioiditis  is  chronic,  it  taking  many  months 
for  the  foci  of  exudation  to  be  converted  into  atrophic  sftota.  The 
opacities  of  the  vitreous  last  even  longer — often,  in  fact,  i>ermanently. 
But  chorioiditis  is  cliiefly  ilangeroue  because  of  its  tendency  to  recur, 
in  consequence  of  which  new  foci  of  inflammation  are  constantly  de- 
veloping in  the  chorioid,  so  that  the  latter  is  finally  covered  alt  over 
with  old  and  recent  spots.  With  this  is  ultimately  associated  atrophy 
of  the  retina  and  optic  nerve,  so  that  obstinate  cases  of  chorioiditis 
terminate  in  partial  or  total  blindness.  When  the  aflection  of  the 
chorioid  is  well  advanced,  cloudiness  of  the  lens  (Cataracta  complicata) 
is  almost  always  associated  with  it. 

Etiology. — Exudative  chorioiditis  is  a  frerjuent  disease,  which  is  oh- 
served  at  all  ages.  Among  its  most  ordinary  causes  is  syphilis,  both 
aeijuired  and  liereditary.  As  a  result  of  the  latter,  cases  also  of  con- 
genital chorioiditis  have  been  observed.  Chorioiditis  may  also  be  caused 
by  general  disorders  of  nutrition  of  various  sorts,  such  as  anoemia,  chlo- 
rosis, scrofula,  etc.  In  many  cases  of  chorioiditis  the  cause  remains 
obscure. 

Myopia  is  frequently  complicated  with  changes  in  the  chorioid,  it 
being  only  a  rare  exception  to  find  the  latter  normal  in  myoj)ia  of  a 
high  degree  (Fig.  1>H).  The  changes  in  the  chorioid  in  this  case  are, 
to  be  sure,  less  those  of  a  chorioiditis  proper  than  those  of  a  primary 
atrophy  of  the  chorioid,  caused  by  the  stretching  which  the  latter  mnst 
necessarily  tiniiergo,  vvhen  the  entire  posterior  .segment  of  the  sclera 
bulges  backward,  «a  is  the  cjise  in  extreme  myopia. 

Treatment. — The  (rent men t  of  chorioiditis  must  have  regard  mainly 
to  the  etiological  factor.  When  this  is  readily  amenable  to  therapy,  as 
is  the  caKc  with  syphilis,  favorable  results  are  promptly  itttained — in 
fact,  syphilitic  chorioiditis  otTers  the  best  prognosis,  inasmuch  as  by  an 
energetic  antisyphilitic  treatment  speedy  improvement  in  most  cases, 
and  often  even  an  entire  euro,  can  be  obtained.  To  be  sure,  we  are  not 
able  to  prevent  the  frequent  recurrences  which  may  still  lead  ultimately 
to  the  destruction  of  the  eye. 
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The  treatment  of  the  local  changes  mxist  be  based  upon  the  produc- 
tion of  a  rapid  resorption  of  the  exudate  in  the  chorioid  and  the  retina 
and  also  in  the  viLreoua.  Suiüible  remedies  for  this  pur|X)8e  are  the 
iodide  of  potassium  or,  when  necessary,  a  trcatmeut  by  inunction, 
which,  even  in  non-syphilitic  caj*es,  can  do  good  service  through  its  ab- 
sorptive action ;  furthermore,  diaplioresia  by  means  of  pih)carpine  or 
sodium  salicyiate.  In  marked  hyperaeniia  of  the  fundus,  bloodletting 
may  be  performed  by  the  application  of  six  to  ten  leeches  behind  the 
mastoid  process.  With  this  is  enjoined  what  is  called  the  "regimen  of 
the  eyes  " — tliat  is,  the  avoidance  of  any  stroiniug  of  the  eyes,  and  the 
protection  of  them  from  light  by  dark  glasses  or,  when  necessary,  by 
rest  in  a  darkened  room. 

The  dintinction  Iwtween  recent  exudates  and  old  atrophic  spots  in  the  cho- 
rioid is  liaaed  u|x>n  the  foUowing  signs  :  Exudates  Hre  of  a  jc-llow  or  yellowish- 
white  color,  do  not  have  a  sharp  outline,  iiud  present  to  view  no  chorioidal  ves- 
«eU;  retinal  vessels,  which  by  chance  run  over  thuui,  show  by  tlieir  beiulinjf  that 
s  jirojcction  of  the  retina  exist.'*  here,  due  to  the  prominence  formed  bv  the  exu- 
date. The  iitrophic  sputs  are  pure  white,  and  have  an  irreguliir  but  .sharp  out- 
line, often  formed  by  a  pigmented  band.  PSgment-sjMJts  also  lie  in  the  while 
8IK>t  itself;  soraetimes,  indeed,  the  jfrowth  of  pijftnent  berouies  so  excessive 
that  the  spots  finally  become  entirely  black.  Moreover,  remains  of  the  chori- 
oidal  vessels  are  vi.*iihle  within  the  atrophic  area.  They  not  infreipiently  pre- 
.sent  thickened,  white-looking  walls,  or  are  even  quite  obliterated  uud  converted 
into  light-colored  cords. 

There  are  canes  in  which  the  atrophy  affects  only  the  pijtfment-epitheliuni, 
which  gradually  di?«appears.  Then  the  .stroma  of  the  chorioid,  with  it.<  ve.isels 
and  pigmented  intervuscular  spaces,  in  exposed  to  view,  and  tliere  is  developed 
the  picture  of  a  tesiwliatcd  fundus  (Fig.  6H),  such  as  m  also  observed  as  a  physio- 
logical condition.  Hesides  occurring  in  ct^rtain  form,«»  of  chorioiditis,  this  also 
orrurs  in  glaucoma,  in  inyoiiia  of  high  degree,  in  retinitis  pigmentosa,  etc.  In 
old  pei>ple.  tpiite  small,  brilliimtly  white  spots,  often  surrounded  by  a  dark 
fringe,  are  si>metimes  found  in  the  chorioid.  They  coiTespond  to  arinous  out- 
growths of  the  Inruina  vitre«  of  the  chorioid,  over  which  the  pigraent-epithctium 
haa  undergone  dc^niction. 

Chorioiditis  occurrinpr  in  üolatfd  foci  of  inflammation  is  distinguished,  ac- 
conling  to  the  location  of  the  latter,  into  different  forms: 

1.  CfurrUtüIiti*  nmtrali»  is  characterized  by  the  dejioKition  of  a  mass  of 
exudate  din-ctly  in  the  re^on  of  the  macula  lutea,  and  thus  causes  a  central 
acotoma.  The  most  frequent  course  of  it  is  myopia,  which,  if  of  high  degree, 
leads  late  in  life,  almost  without  exception,  to  changes  in  the  yellow  spot,  which 
are  mainly  of  an  atrophic  nature  (Fig.  68).  Inflammatorj-  changes  at  thi.s  «pot 
are  often  found  in  syphilis,  and  also  after  injuries— e8i)eci«lly  contusions— of 
the  eyeball.  Finally,  a  disease  of  the  macxila  is  observed  in  old  i>eo[»le,  which 
usually  affects  Iwth  eyes  al>out  equally,  and  is  referable  to  senile  chanf^s. 

2.  ChorioiditU  diMnmirutta  is  characterized  by  numerous  round  or  irregidar 
spots  which  are  senttercd  over  the  fundus  (Fig.  67).  Thi«  is  an  eminently 
chronic  form,  in  which,  in  the  usual  course  of  events,  new  SfKJts  are  being 
formed  all  the  time.    Ultimately,  the  chorioid  is  studded  all  over  with  such  s|iots, 
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which  in  many  places  become  confluect,  «o  that  in  old  cases  a  great  extent  of 
the  fundus  often  looks  whitish.  The  sight  may,  neverthi'less,  still  be  pretty 
gXKHl,  if  only  the  region  of  the  macula  lutea  remains  intact.  In  the  beginning 
of  the  disease  hyjwirffimia  of  the  retina  and  optic  nerve  exists,  but  later  both 
become  atrojihic.  The  papilla  takes  on  a  dirty  grayish-red  color  and  loses  ita 
sharp  outline  (chorioiditic  atrophy),  the  rctinul  vessels  are  fewer  and  arc  greatly 
contracted,  A  special  form  of  chorioiditis  disseminata  ih  the  chorioiditis  areo- 
laris, first  described  by  Förster.  In  thiä  the  first  foci  developed  in  the  vicinity 
of  the  yellow  spot,  while  the  »tibsequent  ones  make  their  »ppearance  at  a  con- 
stantly increasing  distance  from  the  latter.  The  most  recent  foci,  therefore, 
are  always  those  situated  at  the  peri]>hery.  The  behavior  of  the  indivithml 
spots  is  directly  the  reverse  of  the  orilinary  course  of  chorioiditic  |)alches;  the 
most  recent  spots  are  entirely  black,  and  afterward  grow  slowly  larger,  and  at 
the  same  time  become  decolorized  frura  the  center  toward  the  edge,  so  that  at 
laat  they  are  almost  entirely  white. 

8.  Chorioiditis  anterior  deposits  its  foci  of  exudiition  at  the  periphery  of 
the  chorioid.  These  foci  are  therefore  readily  overlooked  if  we  neglect  to 
examine  the  most  niitcrior  jiortions  of  the  fnndua  with  the  ophthalmoscope. 
Chorioiditis  anteriior  is  quite  frequent,  and  is  sometimes  combined  with  a 
chorioiditis  surrounding  the  pajiilla.  In  young  persons,  chorioiditis  anterior 
often  occurs  in  consequence  of  hereditary  syphilis  ;  usually  the  periphery  of 
the  fundus  is  studded  with  roundish,  ink-black  .>*]>ots  (sec  pag(^  180).  In  old 
people,  simple  pigmentary  change»  arc  frequently  found  in  the  anterior  portions 
of  the  chorioid. 

The  variety  of  chorioiditis  which  is  spread  diffnieitf  over  the  whole  chorioid 
is  always  combined  with  a  coincident  affection  of  the  retina,  »md  is  therefore 
ordinarily  knuwn  as  retioo-chorioiditia  or  elinrtn-retiuitJH.  In  the  typical  fash- 
ion in  which  it  was  lirat  described  by  Förster  this  o<'ciurs  in  syphilis.  In  recent 
cases  the  retina  apjiears  clouded,  and,  furthermore,  the  entire  fundus  is  veiled  by 
a  fine  piuictate  cloudiness  of  the  vitreous;  moreover,  circumscribed  exudates  may 
also  be  present,  in  the  clHirioid  and  the  retina.  Id  the  later  stages  the  cloudi- 
ness of  the  retina  dLsaiq>ear»,  to  be  replaced  by  atro])hy;  at  the  same  time  a 
migration  of  pigment  under  the  form  of  numerous  black  »iH*ts  takes  place  into 
the  retina,  especially  at  its  peripherj-,  so  that  there  is  produced  a  picture  very 
similar  to  that  of  retinitis  pigmentosa. 

The  changes  in  the  chorioid  in  myopia  consist  in  an  atrophy  of  the  chorioid 
close  by  the  papilla  and  in  foci  of  disease  at  other  spots  of  the  chorioid,  jwr- 
ticularly  in  the  region  of  the  macula  lutea, 

(a)  Atnqihy  of  the  chr>riijid  at  the  burder  of  the  optic  disk  is  given  th© 
name  of  tUiphyhmit  fiottieiim.  This  proi>erly  denotes  a  protrusion  of  the  sclera 
backward;  it  is,  however,  used  in  a  wider  sense  for  the  atrophy  of  the  chorioid, 
which  is  the  consequence  of  this  protrusion.  First,  there  appears  at  the  exter- 
nal side  of  the  papilla  a  narrow,  light-colored  crescent — the  atrophic  crescent 
(Fig.  07 >.  Afterward  this  spreads  out  so  as  to  assume  the  fonn  of  a  cone  or  a 
triangle  with  a  blinvt  apex — eonus  (.läj^cr).  Finally,  the  atrophy  passes  from 
the  outer  side  of  the  optic  nerve  along  its  ufifK'r  and  liiwer  margin  to  its  inner 
aide  also,  so  that  the  papilla  is  finally  surrounded  on  all  sides  by  atrophic  cho- 
rioid (annular  staphyloma.  Fig.  QS).  This  is  generally  broadest  on  the  external 
side,  from  which  it  started.  In  the  atrophic  area  the  fundus  is  either  a  pure 
white,  if  the  chorioid  there  has  completely  disappeared  and  the  sclera  comos 
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iflto  view,  or  remains  of  chorioidal  tissue,  such  as  vessels  and  pigment,  Are  atiU 
prcscut  in  it  iu  varying  quuntlty  (Fig.  68). 

Burnet  lines  two  or  even  three  contrasting  zones  exist  in  the  staphyloma, 
whic-h  differ  from  euch  othiT  in  their  pigmentation,  and  which  bear  witness  to 
the  fact  that  the  formution  and  enlargement  of  the  staphyloma  liave  taken  place 
at  different  periods.  By  proliferatiim  of  the  pigmt-nt,  brown  or  even  black 
crescents  are  formed.  The  line  separating  th«  Htuphyloma  from  the  healthy 
cornea  ia  often  sharply  dcüiied,  especially  if  formed  by  a  pigmented  margin 


Fio.  88.— FcwDtTB  I»  Myopia  or  Hiob  DsaaxE.    <T»  part  aitkh  Wecker.) 

Ttie  papiU«  in  oblunK-uval  and  ban  a  fibyniolofclcal  rxeavation  to  the  outside  of  thr  iHiliit  of  eo- 
truioe  of  th«  rKiiial  v««*^!«.  It  i*  i;iirr<i\in>lr^j  br  atrophic  cboiioid,  tbe  ■taiiliyloiim  ]iiwti- 
cnm.  Tbisiawry  bro»donthi't«>nt|N>ral  xidc.  and  tlterrconaiiitsof  twodiriiüi>iw  :  tl»-  oui^-r. 
more piirmiMittHl  on<>.  ^thowln|r  with  •'«cptTlal  illKtlnftopsK  the rvmains of  thr  cfaorioi Jal  vfsHols 
On  tht^  DAKnl  sfdf.  th^  Ktnphylonia  In  narrower,  is  liiinl  by  a  frinicr  of  plctxient,  and  la  of 
Irrejrular  coiitour.  In  <in»>  of  the  nutlvin^;  pcirtliiiiN  Is  tiv>tii'fsl  a  {loKtfrior ciliary  art<?ry  which 
mlere  the  ohoriuid  from  (hi?  Holfra.  \hv  tvM  of  the  funduji  Ik  tcs»ellat«d  in  mch  a  way  that 
the  vaMMilar  nctwnrlc  of  thf  i-horiold  in  ck-arlv  rveoKiiizcd.  The  rc-cion  of  the  macula  lut<>a 
la  ocxMipknl  \>y  clioriniilltii-  ohan^^Ht.  conRlstinir  partly  In  an  overgrowth  of  plf^ment  (the 
■malL,  black  specks  >,  partly  in  atrophy  (the  white  patcbe8^ 

rFig.  68).  In  other  cases  a  sharp  border-line  is  absent,  a  circumstance  which 
indicatcB  that  the  Htii|ihyl(imn  in  in  process  of  growth,  so  that  an  advance  in  the 
myo]iin  is  to  be  api^rohended.  In  the  ca.se  of  pretty  large  staphylomata  the 
{lupillu  looks  rc-ddciied  at)d  di-spiavi«  an  elliptical  shape,  the  short  axis  of  the 
ellii»!*e  coinciiling  with  tlie  largest  diameter  of  the  staphyloma.  Accordingly, 
when  the  .stuphy]i»iiiit  in  broadest  to  the  outside,  as  is  u.><ua]ly  the  case,  the  jia- 
pilta  forms  an  upright  ellijjse  (Fig.  68).  This  change  of  «hajH-  must  be  in  part 
referred  to  the  fact  that  the  paptlla,  being  pushed  Imck  «t  one  .«.ide,  is  seen  in 
IM^rxjwctive  foreshortening;  but  in  part  alw>  to  the  fact  that  the  chnrioid,  whrch 
on  the  outer  side  ba.s  moved  away  from  the  margin  of  the  papilla,  bos  been 
drawn  over  it  on  the  inner  side  fWeis»;  we  ?  145). 

The  size  of  the  staphyloma  is,  broadly  speaking,  iu  direct  proportion  to  the 
degree  of  myopia,  but  variations  from  this  rule  very  often  exi.st  in  the  indi- 
vidual cases — e.g..  great  myopia  without  atrophy  of  the  chnrioid,  ami  \ice 
versa.  Not  infrequently  sta])hylotiuitu  lu^  also  found  in  enunctropic  and  even 
in  hypermetropic  eyes. 
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Wliite  crescents  are  also  observed  at  the  lojpfT  border  of  the  pnjnlla.  Tljese 
resemble  in  their  appearance  the  acquired  crescents  due  to  myopia,  but  Lave 
an  altogether  different  significance.  They  are  congenital  (probably  being  con- 
nected with  the  fa'tal  ocular  fissure,  which  likewise  lies  on  the  lower  side  of 
the  eyeball),  and  are  associated  frequently  with  astigmatism,  almost  always 
with  incomplete  acuity  of  vision. 

With  the  annular  st^phylunia  {»f  the  myopic  eye  should  not  be  confounded 
CAses  of  atrophy  of  the  chorioid  about  the  pa]iilla  from  other  ciULsey.  Under 
this  latter  heail  belong  atrophy  after  chortoiditiH,  and  also  the  atrophy  in  cases 
of  glaucoma,  the  so-called  halo  glaucom&tosus. 

{}))  The  changes  of  the  chorioid  in  the  region  of  the  mneula  lutea  make  their 
appearance  when  the  myopia  has  reached  a  high  degree.  Both  light-colored 
and  pigmented  spots  arc  found,  and  not  infrequently  also  white  branched  lines 
(Fig.  ÖH).  The  spots  gradually  enlarge,  and  finally  coalesce  to  form  pretty 
large  atrophic  patches,  which  may  even  ultimately  become  united  with  the 
staphyloma  surrounding  the  pai»lla.  In  such  cases  of  extreme  myopia,  almost 
the  entire  posterior  t*e('tion  of  the  interior  of  the  eye  is  converted  into  a  great 
white  patch.  Moreover,  hroniorrhages  occur  in  myopic  eycH,  and  that,  too, 
preferably  at  the  site  of  tlie  yellow  wpot.  It  ia  the  changes  in  the  macula  lutea 
which,  with  the  detachment  of  the  retina,  represent  the  greatest  danger  for  the 
extremely  myopic  eye.  They  do  not,  like  detachment,  threaten  the  eye  with 
c<tmplete  blindness,  but  they  render  it  unserviceable  for  any  «ort  of  fine  work. 
Besides,  they  are  much  more  frequent  than  detachment  of  the  retiua,  inasmuch 
as  only  a  few  of  the  excessively  myopic  attain  any  considerable  age  without 
being  affected  with  these  change». 

BLOODLETTrao. — Iq  rcccnt  cases  of  chorioiditis  with  liyperjemia  of  the 
retina  the  abstraction  of  blood  is  recommended  iibove,  and  that  by  the  applica- 
tion of  leeches  behind  the  mastoid  ))roces8.  While  bloodletting  has  pretty 
much  diHfti)iMiared  from  genenil  practice,  in  ophthalmology  it  has  remained  in 
use  up  to  the  present  tijne,  and  rightly,  too,  since  in  suitable  cases  striking  and 
undeniable  advantage  is  often  seen  to  accrue  from  it.  The  abstraction  of  blood 
may  be  nuwle  wilh  natural  leeches  or  with  Ileurteloup's  artificial  leech.  In  the 
former  caac,  six  to  ten  leeches  are  ap[iHcd;  in  the  employment  of  the  Heurte- 
loup,  its  glass  cylinder  is  filled  once  or  twice  with  blood.  The  point  of  a)»pli- 
cation  ia  either  the  temple  or  the  skin  behind  the  mastoid  process.  If  we  are 
dealing  with  inflamniatLoua  of  the  conjunctiva,  the  iris,  or  the  ciliary  lx)dy,  the 
temple  ia  selected,  because  the  vessel»  of  the  conjunctiva  empty  into  the  veins  of 
the  face,  and,  moreover,  the  anterior  ciliary  vein»  conimunlcate  freely  with  the 
veins  of  the  conjunctiva.  In  deep-seated  affectiftns,  like  chorioiditis,  retinitis, 
neuriti.s,  or  infliimmation  in  the  orbit,  the  abstraction  of  blood  is  performed  be- 
hind the  mastoid  process,  because  an  emissary  vein  of  Santorini  (]>a.saing  through 
the  mastoid  foramen"),  which  carries  off  blood  from  the  transverse  sinus,  empties 
here;  and  the  latter  is  connected  with  the  cavernous  sinua,  into  which  the  opli- 
thalmic  veins  pour  their  contents. 


Nnn-puntlent  irüla-ehorioiditis  runs  either  R  chronic  or  an  acute  course.  The 
chronic  ciikcs  have  already  been  considered  under  the  head  of  iritis  idiopatbica; 
they  are  the  oni^s  which  are  known  under  the  name  of  irido-chorioiditis  serosa, 
and  V7hich  gnwiually  induce  blindness,  partly  through  seclusio  pupillse,  parti; 
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through  dcgoncratioii  of  the  vitreous  (see  page  287).  The  acute  casvs  (irido- 
chorioiditiä  plastica)  form  a  transition  between  this  and  irido-ehorioiditis  sup- 
purativa. 

B.  Chorioiditis  and  Irido- Chorioiditis  Suppurativa. 


chorioiditis 


produced 


irge  exudate 
contaiiiinjf  mimcrous  cells,  which  is  deposited  bc'iK'ut!i  the  retina  and 
into  the  vitrt'oiis,  where  it  can  be  seeu  through  the  pupil,  in  case  the 
media  are  transparent  enough,  as  a  deeply  situated  yellow  mass.  The 
intlammatiou,  which  is  violent,  almost  always  spreads  rapidly  to  the 
ciliary  body  and  the  iris,  so  that  we  have  then  to  do  with  an  irido- 
chorioictilis,  which  is  associated  with  correspondingly  violeüt  external 
symptoms  of  inflammation. 

Symptoms, — When  the  irido-chorioiditis  is  at  ila  height  the  lids  are 
markedly  swollen  with  tetlema ;  the  conjunctiva  is  intensely  reddened 
and  likewise  very  cpdematoas,  so  that  it  often  forma  a  chemotic  swell- 
ing round  the  cornea.  The  latter  is  dull,  and  has  a  alight  difTused 
cloudincsa.  The  aqueotis,  too,  is  cloudy,  and  ahows  a  hypopyon  depos- 
ited at  the  bottom  of  the  anterior  chamber.  In  the  iris  are  found  signs 
of  a  violent  inflammation,  such  as  discoloration,  swelling,  and  posterior 
syneehiae.  If  the  cloudiness  of  the  cornea  and  the  aqueous  permits,  a 
yellowish  reflex  is  recognized  in  the  pupil,  arising  from  the  exudate 
behind  the  lens.  Simultaneously  with  these  appearances  violent  pains 
exist  in  the  eye  and  its  vicinity,  sight  is  completely  lost,  slight  fever  is 
often  also  present. 

The  coursr,  in  the  less  violent  cases,  is  of  such  a  character  that  after 
a  few  weeks  the  inflammatory  symptoms  gradually  abate.  The  eye, 
whose  tension  in  the  beginning  wjis  elevated  through  the  great  amount 
of  exudation,  becomes  softer  and  soon  smaller  also,  and  at  length  passes 
into  a  state  of  atrophy.  But  iu  tlie  violent  cases  panophthahnilis  de- 
velops through  an  extension  of  the  inflammation  to  the  tissues  sur- 
rounding the  eyeball.  The  a>doma  of  the  lids  increases  so  much  that 
the  eye  can  scarcely  be  opened.  The  eyeball,  in  addition  to  the  appear- 
ances of  irido-chorioiditia  above  described,  displays  marked  protrusion 
(exophtbalmtis)  combined  with  abolition  of  its  motility.  The  pains 
are  almost  intolerable,  and  tormenting  photopsiae  are  not  infre- 
quently present.  High  fever  exists  and  vomiting  frequently  occurs, 
especially  at  the  beginning  of  the  disease.  These  symptoms  keep  on 
until  the  purulent  exudation  in  the  interior  of  the  eye  makes  an 
exit  for  itself  by  breaking  through  the  sclera.  Perforation  takes  place 
in  the  anterior  division  of  the  sclera.  The  conjunctiva  is  seen  to  bulge 
forward  at  some  spot,  showing  the  yellowish,  discolored  sclera  through 
it,  until  finally  sclera  and  conjunctiva  are  perforated  and  the  purulent 
contents  of  the  eyeball  are  slowly  extruded.  After  perforatioti  has 
occurred  the  pains  soon  cease,  the  eye  becomes  softer,  and  ultimately 
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Bhrinks  up  to  a  snuill  stump  {phfhisis  dulbi).  It  takes  at  least  six  to 
eight  weeks  for  this  result  to  be  attained  and  for  the  eye  to  become 
perfectly  free  from  pain. 

From  wlmt  has  just  been  said,  panophtlialmitis  is  distinguished 
from  simple  suppurative  irido-cliorioiditis  by  the  appearance  of  two 
additional  symptoms — protrusion  of  the  eyeball  and  purulent  perfora- 
tion of  the  envelopes  of  the  eye.  The  protrusion  is  due  to  the  exten- 
sion of  the  indammution  to  the  retro-biilbar  tissues,  and  particularly  to 
Tenon's  capsule ;  the  result  is  marked  inflammatory  oedema  (but  not 
suppuration)  in  this  spot,  and  a  consequent  pushing  forward  of  the 
eyeball.  'I'he  violent  pains  are  exciteii  by  tiie  traction  which  the  nerves 
undergo,  both  in  the  eyeball  itself,  which  is  distended  with  exudate, 
and  also  within  the  orbit,  where  it  is  due  to  the  protrusion  of  the  eye- 
ball. 

Etiology. — Chorioiditis  suppurativa  is  produced  by  the  infection  of 
the  chorioid  by  pyogenic  matter.     The  infection  may  originate  froi 
the  outside  or  have  its  source  in  the  body  itself. 

Infection /rwHi  Ihfi  ovtside  {ectoyenouti:  itt/eiiimi)  occurs — 

(n)  Most  frequently  from  penetrating  injuries  of  all  kinds.  In  this 
category  belong  nnsuccessful  operations. 

(b)  From  the  progression  inward  of  suppuration  from  without,  in 
the  case  of  perforating  ulcers  or  absceesea  of  the  cornea,  and  from  pro- 
lapses of  the  iris  that  are  covered  with  pus. 

(r)  As  a  process  starting  from  a  cic^atrix  of  the  cornea  with  inclu- 
sion of  the  iris,  when  the  cicatrix  is  thinned.  Under  this  head  belong 
the  incarcerations  of  the  periphery  of  the  iris,  which  not  infrequently^ 
remain  after  cataract  operations.  Infection  takes  place  in  these  cases 
from  the  germs  penetrating  through  the  thin  cicatrix  into  the  interior 
of  the  eye,  its  development  being  particularly  favored  by  sudden  stretch- 
ing or  bursting  open  of  the  cicatrix. 

Infection  by  carriers  of  infection,  which  arise  from  the  organism 
itself  {endoffcnous  iufecfion),  takes  place — 

1.  Through  embolism,  septic  substances  from  a  focus  of  suppura- 
tion getting  into  the  circulation  and  sticking  fast  in  the  vessels  of  the 
chorioid.  In  this  way  metaxUttic  chorioidiiiit  develops.  This  is  one  of 
the  symptoms  of  pyaemia,  most  frequently  of  that  form  which  makes 
its  appearance  in  the  puerperal  period  as  puerperal  fever. 

2.  By  transfer  of  the  intlanimation  from  the  meninges  in  menin- 
itis,  particularly  in  cercbro-spinal  meningitis.  These  cases  are  ob- 
served chiefly  in  children,  and  are  distinguished  by  their  comparatively 
mild  course,  bo  that  in  rare  cases  some  small  degree  of  sight  even  is  still 
retained. 

3.  By  transfer  of  inflammation  from  behind  forward  in  phlegmons 
in  the  orbit  and  in  thrombosis  of  the  orbital  veins. 

The  prognosis  of  suppurative  chorioiditis  is  absolutely  unfavorable 
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for  the  eye  itself,  inasmuch  as  the  sight,  and,  for  the  most  part,  the 
shape  of  the  eye  as  well,  are  lost.  In  those  cases  in  which  the  chori- 
oiditin  is  simply  one  of  the  syinijtoma  of  pyaemia  or  meningitis,  there 
is  also,  of  course,  danger  for  the  life  of  the  patient. 

Trexttinent  is  unable  to  change  the  course  of  suppurative  chori- 
oiditis. It  must  confine  itself  to  ameliorating  the  patient's  sufTeringa. 
We  combat  the  pain  M'itli  moist  and  warm  coriipresöen  and  with  nar- 
cotics. If  we  are  sure  that  it  is  a  case  of  panophthalmitis,  we  may  open 
the  eye  by  a  free  incision  of  the  sclera  in  its  anterior  division.  The 
tension  is  thus  diminished,  the  evacuation  of  the  suppurated  contents 
of  the  eye  is  accelerated,  and  thus  the  pain  and  the  course  of  the  dis- 
ease are  cut  short.  When  the  eye  at  last  becomes  shrunken  it  usually 
remains  quiescent,  and  also  admits  of  an  artificial  eye  being  worn  over 
it.  Should,  however,  secondary  inflammatory  plieuomena  set  in,  as 
they  may  exceptionally  do,  in  the  shninkcu  eye,  its  enucleation  is  indi- 
cated. 

Anatomiml  «rwithuition  ehowg,  in  suppurative  chorioiditis,  dense  j)urulent 
infiltration  of  the  chorioid,  which  thus  has  it«  thickness  increased  to  several 
timt'K  ihL-  (iKU)il  amount.  Thi'  retina  over  the  affected  part  of  the  chorioid  is 
also  found  infiltrated  wiiti  pus-celL^,  aud  c(>Dsi-i|uontlj  tliickciicd;  afterward, 
it  is  partially  or  entirely  detached  from  the  cliorioid  by  means  of  tlie  purulent 
exudation.  The  vitri'uus  Is  gradually  converted  into  a  homogeneous  mass  of 
jjus.  In  metastatic  cliorioiditis  the  bifecting^  pbig"  in  the  cborioidul  vessels  can 
also  frequently  be  demonstrated  by  microscopical  examinatiou  (Virchow).  Such 
emboli  may  also  j^fct  into  the  rvtinal  vessels,  and  tlicn  ^e^<ult  in  siJ|>purHti%'e  reti- 
nituH,  which  presents  the  same  clinical  picture  in  it.H  course  as  suppurative  chori- 
oiditis, yinee  in  metastatic  affections  uf  this  sort  infected  emboli  may  occur 
witliiu  the  blood-vessels  in  other  parts  of  the  eye  also,  it  is  best  to  comprise  all 
the.so  CHSes  under  the  name  of  metastatic  suppurative  ojihthalmia. 

MrtanUitic  ophtha! in iii  is  for  the  most  part  a  complication  tvf  the  .severe  cases 
of  pjfcmi.'t,  to  wliich  tlic  i>atients  usually  succumb,  so  that  in  gcDcml  it  has  an 
evil  progn<:>«tic  significance,  Nevertheless,  exceptional  cases  occur  in  which 
the  pya-mia  runs  a  relatively  light  course,  and  pro<hices  no  demonstrnhle  m<'ttt8- 
tascs  Ix'sides  thosi'  in  the  eye.  Thus,  after  the  extraction  of  teeth,  complicated 
fractures,  etc.,  unilateral  and  btlnterjil  blindness  have  l>c<n  observed,  due  to 
metastatic  ophthalmia,  without  a  localization  of  the  pyteniic  affection  in  any 
other  quarter  being  demonstrable.  In  children,  suppuration  of  the  umbilioi&, 
and  sometimes  also  vaccination,  may  give  rise  to  pya>mia  with  mettistutic  oph- 
thalmia. Besides  occurring  in  ]>ya>mia,  a  suppunitive  chorioiditis,  which  is 
without  doubt  likewise  of  metastatic  origin,  also  occurs  in  rare  cases  in  other 
acute  infectious  diseaacs,  as  in  ty])hu8,  variola,  scarlet  fever,  malignant  anthrax, 
iui)uen/a,  and  ulcerative  endocarditis. 

Miwt  cases  oi  pnnophthtümitU  are  caused  by  injury.  If  the  latter  is  of  such 
a  character  that  the  eye  is  extensively  opened,  the  purulent  exudate  may  be 
discharged  through  the  wound,  and  does  not  have  to  wait  till  the  sclera  is 
perforated,  which  always  requires  a  long  time.  Yet  not  infrequently  even  in 
these  coses,  in  which  the  purulent  exudate  pushes  out  through  the  wound,  per- 
foration of  the  sclera  by  pus  is  also  seen  to  take  place  na  usual.  Pano[)hthal- 
21 
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mitis  after  Bcvcrc  injuries  must,  from  a  certain  point  of  view,  be  repjiTded  as  a 
muTK  fiivonilile  outcome  timn  u  pliwtic  irido-cjclitis.  Tlic  former,  to  be  sure, 
causes  more  violcut  jiain  and  leadö  t<i  a  yreuter  degree  of  swelling  of  the  eye ; 
but  when  it  has  run  its  ttnixse  the  patieut  lioä  a.  lasting  respite.  Plastic  irido- 
cyclitis, on  the  other  baud,  often  for  jearn  has  aftiT-uttacka  of  inflammation, 
and  may  also  tfive  rise  to  Rvuijjathetit-  disease  of  the  ottitT  eye,  if  the  patient 
does  not  make  up  his  mind  to  the  performance  of  euuck-atiou  at  the  proper 
time. 

Ajmrt  from  simple  incision  of  the  sclern,  different  methods  have  been  at- 
ti.'nj[)ted  for  cutting  short  the  course  of  pann[ihthahijitis,  particularly  enuclea- 
tion and  the  ablation  of  the  anterior  8cction  of  the  eye,  with  scooping  out  of 
the  contents  of  the  eyeball.  Enueieation  is  to  Im;  rejected,  for,  devoid  of  dan- 
ger as  it  h  under  other  circumstances,  in  pannphthalmitiB  it  sometimes  results 
in  purulent  meningitis,  with  a  fatal  issue.  It  must  be  asKumed  tliat  by  the 
operation  the  btuod  and  lymph  passages  in  the  orbit  are  freely  opened,  and  thus 
made  accesHible  to  infection.  Whether  the  scooping  out  (exenteration  or  evis- 
ceration) of  tlie  siippunitiiig  eye  is  a  less  dimgerous  procedure  is  questionable, 
since  cases  of  death  after  this  operation  have  also  been  observed  (Schulek).  It 
muat,  however,  be  noted  that  some  cases  have  been  known  in  which  fatal  men- 
ingitis has  succeeded  a  panophthalmitis  without  any  operative  interference. 

lyifferttntiiil  Duufnim»  of  Suppurntice  Chorioiditis, — There  are  cases  of  anp- 
punitive  cliorioiditb  whicli  mi^ht  be  confounded  with  neoplasms  in  the  eyeball. 
This  is  possible  whenever  the  inflammation  runs  so  sluggish  a  course  that  all 
e-vtemal  .signs  of  intlummaiion  are  wanting.  The  eye  h  not  discolored,  the  iris 
is  normal,  the  aqueous  and  hois  «re  clear.  The  lens  and  iria  arc  pressed  for- 
ward by  the  exudation  iu  the  vitreous,  and  the  anterior  chamber  is  made  shul- 
lower.  The  pupil  h  dilated,  and  permits  the  exudate  to  be  seen  deep  down  in 
the  vitreous.  Sometimes  the  exudate  is  even  visible  from  a  distance  as  a  vivid, 
light-colored  (whitish  or  yellow)  reflex  from  the  pupil  (amaurotic  caCa-tya 
[Beer]).  Just  the  same  phenomena  may  be  produced  by  new  formation«  in  the 
vitreous,  ami  particularly  by  gliomnta  arising  fr<»m  the  retina  (see  §  100),  for 
which  reason  many  cases  of  the  sort  described  above  have  l>een  designated  as 
pseudo-glioiu&ta.  The  most  important  distinctive  mark  lies  in  the  tension  of 
the  eye.  This,  in  genuine  glionui,  is  normal  in  the  beginning,  and  afterward  is 
iucrcajied;  in  |Wcüdo-glionia,  on  Ih«  contrary,  diminution  of  tension  soon  »eta 
in,  which  precedes  the  shrinking  of  the  eye.  Then  the  subsequent  course  renders 
the  true  state  of  the  case  jHrfectly  clear,  inasmuch  as  glioma  afterward  breaks 
through  the  sclera  and  keeps  on  growing,  while  in  psendo-glioma  the  eye  keeps 
constantly  growing  smaller.  Rut  now  in  glioma  it  is  requisite  to  remove  the  eye 
as  early  as  possible,  and  it  is  therefore  not  right  to  wait  a  long  time  in  doubtful 
cases  until  the  diagnosis  can  be  determined  with  certainty.  In  so  doing,  wo 
should  be  jiutting  our  patient's  life  in  jeopardy.  Hence,  iu  doubtful  cases,  we 
perform  enucleation.  Even  if  it  should  then  turn  nut  that  the  case  was  one  of 
pseudo-glioina,  the  patient  has  not  lost  much  by  the  enucleation,  since  the  eye 
is  already  blind  and  would  be  much  shrunken.  The  question  of  a  confusion 
with  glioma,  moreover,  only  comes  up  for  consideration  in  such  case»  of  slug- 
gish suppurative  chorioiilitis  when  occurring  in  children,  since;  it  is  only  in  the 
latter  that  glioma  of  the  retina  is  found.  The  cnuses  of  psendo-glioma  JU-e  most 
frequently  meningitis,  also  the  acute  exanthemata,  and  finally  injuries,  jmr- 
ticulorly  those  attended  with  the  presence  of  a  small  foreign  body  in  the  intc- 
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rior  of  the  eye.     One  or  two  cases  of  pfleudo-glioma  have  turned  out  on  diasec- 
tloa  to  be  tuberculosis  of  the  choriuid, 

Atrophia  kt  Phtuisi«  Bl'lbi. — Both  expresaioDB  are  employed  for  dimi- 
nution in  size  of  the  eyebjill  due  to  shrinking.  We  speak  of  atrophy  when  the 
diminution  in  size  takes  place  slowly  through  the  shrinking  of  exudates  in  the 
interior  of  the  eye,  aa  occurs  chiefly  in  plastic  irido-cyclitis.  Under  tlie  name 
of  phthisis  bulbi  wo  designato  the  rajiid  shrinking  of  the  eyeball,  due  to  sup- 
puratiou  of  its  contents  and  their  evacuation  through  the  perforated  sclera,  this 
being  the  issue  of  panoj>hthalmiti9.  In  atrophy  the  diminution  in  size  is  kept 
within  moderate  bounds,  while  in  phthisis  the  eyeball  may  be  reduced  to  the 
size  of  a  hazi-l-nut,  or  less.  In  the  atrophic  eyeball  the  individual  menibrancs, 
being  »till  present,  nlthougli  in  a  very  altered  condition,  are  drawn  ujwin  by 
tlu- shrinking  I'xudiitu,  and  thus  give  rise  to  repeated  attacks  of  inflammation 
and  also  to  sympathetic  disease  of  the  other  eye.  In  the  phthisical  eyeball  the 
inner  tunics  of  the  eye  have,  all  except  some  scant  remains,  been  destroyed  by 
ciuppuration ;  the  small  atump  usually  remains  quiescent,  and  causes  no  danger 
to  the  other  eye.  An  atrophic  eyeball  miiat  therefore  generally  Ik;  enucleated, 
while  a  phthisical  stump  can  usually  be  permitted  to  remain.  In  atrophy  and 
in  phthisis  alike  the  optic  nerve  subheipiently  becomes  completely  atrophic,  so 
that  it  iiltimutely  forni.s  a  tiiin  cord  consisting  simply  of  connective  tissue.  This 
takes  place  in  eonsequpnee  of  the  geni'nd  law  that  nerve-trunka  atrophy  when 
their  terminal  expansions  have  been  destroyed  (ascending  atrophy). 


DETAcmrasT  of  the  Choriotd. — This  is  frequently  found  in  the  dissec- 
tion of  enucleated  eye?,  while  in  the  living  eye  it  but  rarely  comes  under  ol>- 
servation.  In  shrunken  eyes  the  chorioid — and  the  ciliary  body,  too — are  very 
frequently  found  to  be  detached  by  (he  exudati's  which  are  present  in  the  inte- 
rior of  the  eye,  and  which  cxt-rt  a  centripetal  traction  in  all  directions  (a  a. 
Fig.  62).  A  detachment  of  the  retirni,  usually  total,  is  never  w^anting  in  these 
cases.  Since  we  are  dealing  with  eyes  which  are  already  blind,  the  detach- 
ment of  the  chorioid  h.is  a  practical  interest  unly  in  so  far  a.s  traction  upon  the 
ciliary  nerves  is  produced  by  it;  for  this  induces  conditions  of  irritation  in  the 
blinded  eye,  and  possibly  ayin[iathetic  disease  of  the  other  eye. 

It  is  a  rare  thing  to  see  with  the  ophthalmoscope  a  detachment  of  the  cho- 
rioid in  an  eye  still  capable  of  vi!<ion  and  with  transparent  media.  Since  the 
8epamte<i  chorioid  is  covered  by  the  retina,  the  detachment  of  the  fornjer  mani- 
fests itself  under  the  guise  of  a  dctachmf-nt  of  the  latter,  with  the  addition  that 
we  can  recognize  through  the  retina  the  characteristic  branching  of  the  vessels 
in  the  chorioid.  If  this  symptom  is  wanting,  the  detachment  of  the  chorioid 
can  not  be  distinguished  from  a  simple  detachment  of  the  retina.  Sepsxrations 
of  this  sort  can  l»e  cau.sed  by  .«ernus  exudation  or  hfemorrliiiges  beneath  the 
chorioid,  or  by  the  development  of  a  sarcoma  in  its  external  layers. 


RüPTTTRK  OF  TUE  Chorioid.  — Thi«  IS  produccd  through  the  action  of  a 
blunt  instrument  upon  the  eyeball  (contusion).  Immediately  after  the  injury  the 
hlo«)d  extrava.sated  into  the  vitreous  usually  prevents  a  clear  view  of  the  Interior 
of  the  eye.  After  the  nhsnrption  «f  the  blood  the  rupture  of  th<r  chorioid,  which 
ordinarily  lies  in  the  neighborhood  of  the  papilla,  is  discovered.     Sometimes 
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there  is  only  one,  sometimes  there  are  sereral  lacerationp.  They  form  long, 
yullowiHh-white  streak«,  jls  the  »-dgea  of  the  laceration  in  the  choritH<l  svparate 
from  each  other  and  alluw  the  white  sclera  to  be  seen  between  them.  The 
streaks  genurally  have  a  curved  ahajMa,  with  the  concavity  toward  the  papilla; 
they  are  broadest  in  the  center,  und  taper  ntT  to  a  slmrp  point  at  tlie  ends.  The 
edges  of  the  light  streaks  have  an  irregular  black  ri>lorat!f>n,  due  to  the  growth 
of  the  pigmeut.  The  retinal  vessels  run  without  any  change  over  the  streaks, 
a  proof  that  the  retina  is  unruptured. 


-0 


-N 


IL    TUMOHS   OF  THE   ChORIOID. 

80.  Among  malignant  tumors  occurring  in  the  eliorioid  is  sarcoma, 
which  in  moat  cases  ia  pigmented  (raelano-sarootuu).  The  clinit-al 
flymptoma  whicli  sarcoma  of  the  chorioid  presents  change  so  during 
the  development  of  the  tumor  that  four  stages  can  be  distinguisked  in 
the  course  of  the  disease. 

In  the  ßrsi  singe  the  tumor  is  small,  and  manifests  itself  only  itt 
oplithahnoscopic  examination  by  detachment  of  the  retina  at  the  site 
of  the  tumor.  The  patient  notires  a  disturbance  of  vision  in  the  shape 
of  a  defect  in  the  visual  field,  corresponding  to  the  site  of  the  tumor. 
Afterward  tho  detachment  of  tlie  retina  liecomos  total  (Fig.  69,  A"), 

and  thus  tlie  eye,  which  externally 
8till  looks  normal,  becomes  com- 
pletely blind.  In  the  further  growth 
of  the  tumor  a  time  occurs  when 
increase  of  tension  suddenly  seta  in. 
Tho  sarcoma  thereupon  enters  the 
srcond  stage  of  ita  development — 
that  of  iiicrease<i  tension.  Exter- 
nally the  eye  presents  the  apjjear- 
ances  of  inflammatory  glaucoma 
(g  83).  Marked  injection  of  the 
eyeball  exists,  the  cornea  is  dull  and 
clouded,  the  anterior  chamber  shal- 
low, the  iris  discolored,  tho  pupil 
dilated  and  immobile,  and  the  ten- 
sion of  tlie  eye  to  palpation  is  con- 
siderably elevated.  If  the  media  are 
sufficiently  clear,  the  gray  reflex  of 
the  detached  retina  can  be  seen  deep  down  behind  tho  pupil.  Later 
on,  the  lens  becomes  clouded,  so  that  the  clinical  picture  of  glaucoma 
absolutum  with  Cataracta  glauconiatosa  is  produced.  From  the  time 
wlieu  the  symptoms  of  inflammatory  glaucoma  set  in  the  patient 
sulTors  with  pain ;  very  frequently  it  is  by  this  that  he  has  hia  atten- 
tion lirst  called  to  his  trouble.  Since  the  picture  presented  by  the 
affected  eye  corresponds  completely  to  the  complex  of  sjtnptom»  of 
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infiammatorj  glaucoma,  the  correct  dtagnoaU  in  this  stage  is  to  be 
made  with  difficulty,  or  not  at  all. 

The  third  stage  is  that  of  the  growth  of  the  tumor  upon  the  outside. 
The  symptoms  are  different,  accordiug  as  the  tumor  breaks  through 
the  sclem  in  its  anterior  or  in  its  posterior  division,  Iti  the  former, 
case,  dark,  hard  prominences  are  seen  developing  in  the  circunifereuc«' 
of  the  cornea,  and  the  diagnosis  can  readily  bo  made.  If,  however,  the 
tumor  first  grows  through  the  sclera  posteriorly,  the  nodules  of  the 
tumor  are  invisible»,  and  do  not  give  evidence  of  their  existence  until 
afterward,  through  the  gradually  increasing  protrusion  of  the  eyeball 
(exophthalmus).  As  soon  as  the  tumor  has  broken  through  the  en- 
velopes of  the  eyeball  to  &  sufficient  extent  the  pain  usually  abates, 
since  the  great  tension  in  the  eyeball  then  ceases.  But,  to  make  up 
for  this,  the  extra-ocular  masses  of  tumor,  freed  from  the  intra-ocular 
pressure  tbat  constrained  them,  grow  so  much  the  quicker.  First  the 
orbit  is  entirely  ÜUed  by  the  tumor,  afterward  the  latter  projects  from 
the  orbit,  as  big  as  au  apple  or  as  the  fist  From  the  orbit  the  tumor 
is  contuiued  to  the  neighboring  parts,  particularly  to  the  brain.  At 
its  expuseil  portions  the  tumor  ulcerates  and  gives  rise  to  fre*juent 
hajmorrhages. 

The  fourth  star/e  is  tlmt  of  the  generalization  of  the  tumor  by  the 
development  of  metastatic  nodules  in  the  iuternal  urgans,  most  fre- 
quently in  the  liver. 

Years  usually  pass  before  the  sarcoma  has  run  through  the  four 
stages  just  pictured.  The  first  ami  second  stages  last  a  long  time, 
while  afterward  the  growth  of  the  tumor  becomes  continually  more 
rapid.  The  patient  dies  cither  from  exhaustion,  in  consequence  of  the 
suppuration  and  hamiorrliage  from  the  tutuor,  or  succumbs  to  the  ex- 
tension  of  the  latter  into  the  brain  or  to  the  metastases  in  the  internal 
organs. 

The  protjnostH  of  sarcoma  of  the  chorioid  is  absolutely  unfavorable] 
for  the  life  of  the  patient  if  tlie  eye  is  not  removed  early.  But  even 
then  the  prognosis  is  by  no  means  to  be  regarded  as  perfectly  favorable. 
Apart  from  the  fact  that  the  eye  itself  in  every  case  is  lost,  both  local 
recurrences  in  the  orbit  and  also  metastases  may  develop  even  after  its 
removal,  the  germs  for  their  developtuent  having  been  already  scat- 
tered abroad  earlier,  although,  at  the  time  when  the  eye  was  removed,! 
they  were  too  small  to  be  demonstrable.  Sarcoma  of  tl»e  chorioid  is 
hence  to  be  regarded  as  one  of  the  most  malignant  of  diseases — one 
which,  in  very  many  cases,  ends  in  death.  Sarcomata  of  the  iris  and 
ciliary  body  behave,  in  respect  to  tlieir  course  and  ultimate  outcome, 
like  sarcomata  of  the  chorioid. 

•Sarcoma  of  the  chorioid  is  a  rare  disease.  It  is  fourul  most  fre- 
quently between  the  fortieth  and  sixtieth  year;  in  childhood  it  is  of 
extremely  rare  occurrence.    This  gives  a  means  of  distinguishing  it 
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from  the  glioniata  which  8i)ring  from  tlic  retina,  and  which  in  part  pre- 
sent syniptoins  like  those  of  sarcomata,  but  which  occur  in  childhood 
exchiäively.  A  malignant  neoplasm  developing  in  the  eveball  will, 
therefore,  have  to  be  regarded  iu  all  probability  as  a  glioma  in  a  child 
and  as  a  sarcoma  in  an  adult. 

The  trenlment,  as  long  as  the  neoplasm  is  still  confined  to  the  eye- 
boU,  consistta  in  enucleation,  which  should  be  performed  as  early  as 
possible.  In  doing  it,  we  cut  off  the  optic  nerve  as  far  back  as  possible, 
to  meet  the  contingency  of  the  degeneration  having  already  passed 
over  upon  it.  If  the  neojilasm  has  already  grown  out  of  the  eyebtill, 
everything  diseased  must  be  removed  according  to  surgical  rules.  The 
surest  method  in  this  case  is  exenteration  of  the  orbit — i.  e.,  the  re- 
moval of  the  entire  contents  of  the  orbit,  together  with  the  periosteum. 

Sarcomata  of  the  chorioid  consist  either  of  round  cflls  or  of  spindle-cells, 
or  BR'  tumor»  mudfl  ujj  of  a  mixture  of  l>oth.  They  lire  ulinost  idwsjs  pig- 
mented (meluno-sarcumata) ;  non-pigmented  sarconmta  (Jeuco-sarcomata)  are 
among  the  mrities.  Very  oftjen  they  tontuiu  many  wide  blood-vessels.  Sarco- 
mata develop  from  the  external  layers  of  the  chorioid  {layer  of  Lirtfe  and  of 
mediuiu-si/.ed  vessels)  and  grow  inwunl  towanä  tin;  vitreoiiH  H[iaw,  punhing  the 
reliiia  before  tlicm.  In  the  bejrinning  the  retina  lieu  everywhere  tu  coutuct 
with  the  «urfikce  of  the  tmiior,  so  that  with  the  o|ihthalmofir)i|a'  a  sliarjjly  cir- 
cumscribed gibbous  dctuchment  of  the  retina  is  fotmd,  beueatli  which  often 
can  be  recognized  the  vessels  of  the  chorioid  or  of  tlie  tumor.  Iu  thifi  case  the 
diagnoüis  of  sarcoma  is  easily  made.  But  afterward,  probably  in  consequence 
of  the  disturbance  of  circulation  in  the  chorioid  produced  t)y  the  tiuuor,  an 
accumulation  of  fiuid  takes  place  between  the  chorioid  aud  the  retina.  The 
latter  is  thus  detaclicd  over  a  greater  area  than  corresponds  to  the  tumor,  and 
dü<is  not  jHTmit  (he  latter  to  be  seen  tlirough  it  any  more;  ultimately,  the  de- 
tachment become»  total.  In  thi.**  stage,  since  the  detachment  of  the  retina  haa 
lost  its  characteristic  appeamnce,  the  diagnosis  can  not  for  the  most  part  be 
Tttade  with  certainty.  The  tension  of  the  eye  afford»  one  diagnostic  point,  be- 
ing usually  diminisliod  early  in  simple  serous  detachment  of  the  retina,  while 
in  detachment  due  to  a  tumor  it  is  at  first  normal  and  afterward  iucreaeed  (Von 
Uraefc).  It  is  an  additional  nrpimcnt  for  the  existence  of  sunoma  if  the  ante- 
rior ciliary  vcin.s  are  found  markedly  dilated  upon  one  side  or  tlie  other.  In  this 
way  these  give  evidence  of  the  situation  in  the  chorioid  occupied  by  the  sarcoma, 
which,  in  the  area  affected,  prevents  the  blood  (ff  the  anterior  division  of  the 
jivea  from  Mowing  out  through  the  vasa  vorticosa.  so  that  it  mu.>it  make  its  way 
through  the  anterior  ciliary  veins.  At  length  the  increase  in  tension  reaches 
such  a  degree  as  to  produce  the  complex  of  symptoms  of  iuflamniatory  glau- 
coma. If  the  detachment  of  the  retina  is  not  already  total,  it  gets  to  be  so 
now,  and  the  eye  becomes  completely  lilind,  The  point  of  time  at  which  the 
glaucomatous  attack  sets  iu  does  not  depend  directly  upon  the  size  of  the  intra- 
ocular tumor.  The  increase  in  tension  does  not  arise  from  the  fact  that  the 
tumor  occupies  a  certain  space  in  the  interior  of  %\\v  eye,  for  this  call  for  addi- 
tional H{>ace  is  compensated  for  by  a  corresponding  «Iccrease  of  the  vitreous. 
The  increase  In  tension  is  based  upon  the  congestion  which  the  tumor  produces 
in  the  veina  of  the  chorioid,  and  by  which  increased  transudation  of  fluid  takes 
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place  into  the  interior  of  the  eye.  Elevated  tcneion  is,  therefore,  ofteo  seen  with 
quite  sraull  tumors,  while  at  another  time  the  tumor  may  have  already  filled  up 
a  large  part  of  tlie  eye  uithont  escitiiif;  tlie  syniptumN  of  glaucoma.  When  llie 
glaucomatous  attack  has  net  in,  the  eye  looks  a»  if  it  had  been  blindi^d  by  pri- 
mary glaucoma,  and  the  diagnostis  can  uot  Ik*  made  with  certainly.  The  exist- 
ence of  a  sarcoma  will  be  HU.spected  if  the  patient  state«  that  tlie  eye  wo«  already 
entirely  blind  Ix'fore  the  outbreak  of  the  inflamuialion,  for  in  primarj'  glaucoma 
blindncaa  uauaHy  does  not  [irecede  the  attack,  but  follows  it.  Besides,  we  ex- 
amine the  second  eye;  if  one  eye  is  completely  blinded  by  primnr)*  glaucoma, 
the  »econd  eye  will  rarely  be  found  quite  noruial. 

In  rare  cases  the  second  (intlamnmtory)  stage  of  formation  of  the  tumor 
doe»  not  present  the  Symptoms  of  glaucoma,  but  of  a  violent  phistic  irido- 
cyclitis. As  a  result  of  this,  the  eye  ln-comea  softer  and  shrinks  up  so  far  as 
the  tumor  contained  in  it  ]>ermitä.  The  latter  thus  is  retarded  in  it»  growth 
within  the  eyeball — u  fact  which  doea  not  prevent  it  from  growing  outside  after- 
word, and  producing  metastases. 

Perfoniiion  and  growth  ujmn  the  outside  become  manifest  before  the  tumor 
has  yet  filled  th«  wliole  interior  of  the  eycl)ull,  and  are  effected  by  the  gradual 
growtli  of  the  celts  of  the  tumiir  through  the  silera,  the  cells  usually  following 
out  preformed  j)asj»itges.  We  henco  tind  the  tumor  growing  out  along  the 
optic  nerve  juid  its  sheaths,  or  utilizing  the  point»  where  the  anterior  or  pos- 
terior ciliary  vessels  or  the  vasa  vorticosa  emerge. 

The  metostiises  in  remote  organs  arise  through  embolism.  Tlie  blood-cur- 
rent detaches  cells  from  the  tumor  and  carries  them  into  other  part«  of  the  body, 
where  they  develof»  into  indejK'ndent  tumors. 

Corciuomata  and  also  otieuomata  have  been  observed  aa  a  great  rarity  in  the 
chorioid,  but  only  us  secondary  tumors,  as  metastases  from  carcinoma  in  other 
nrgoDB  (especially  in  the  thoracic  glouds). 


TmnHci'LOBis  OF  THE  CHORiotD. — In  thc  chorioid,  a»  in  the  iris,  tubercu- 
lonis  occurs  under  the  two  forms  of  disseminated  and  of  solitary  nodules.  The 
diagnosis  Ijctween  them  is  made  with  the  uphth!ihnosco|)e. 

(ft)  Dis»tmiwttfif  or  mditiry  tuberculosis  of  the  cliorioid  was  first  descrilR-d 
by  Jäger.  Small  maeula*  of  |mle-red<lish  color  are  seen  in  the  fundus,  Mliidi 
even  within  a  short  |>priod  of  examination — within  u  few  day« — prow  distinctly 
lorger  and  increase  in  numfjer  through  the  n]»pearance  of  new  macuhe.  By  this 
circumstance  they  are  di8tinguishe<l  frt>m  the  choriciiditic  foci  of  indammatinn, 
which  change  very  slowly;  besides,  the  pigment-changes,  so  fre<pient  in  chori- 
oiditis, are  wanting  in  tubercles  of  the  chorioid.  Ordinarily  only  a  few  euch 
spots  arfi  present,  although  sometimes  as  many  as  twenty  or  thirt}"  of  them  can 
b<»  counted  in  the  eye.  Anatomical  examination  has  proved  that  the  sfwta  seen 
with  the  ojihthalmoscope  correspond  to  nodules  of  a  mean  diameter  of  one  milli- 
metre, which  posse.'is  the  ty])ical  structure  of  tul>crcle  nodules  <Man7.). 

Miliary  tuberculosis  of  the  chorioid  forms  one  of  the  symptoms  of  genera! 
miliar)'  tuberculoais  (Cohnheim).  It  has  essentially  a  diagnostic  interest;  as  in 
doubtful  cases  of  acute  miliary  tuberculosis,  it  may  assist  in  establishing  the 
diagnosLs,  In  chronic  tuberculosis  of  the  lungs,  the  intestine,  etc.,  it  is  not 
ordinarily  obs<^rved. 

(6)  Solitary  or  amglobated  tubercle  of  the  chorioid  makes  its  appearance 
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under  the  fonn  of  a  neoplasm.  With  the  ophthalmoscope  a  rather  large,  light- 
culored  tumor  is  seen  in  the  chorioid ;  it  is  an  argument  for  its  tuberculous 
nature  if  smaller  light  spot«  (tubercle  nodutesi  are  found  in  the  chorioid  in  its 
vicinity.  The  tumor  may  afterward  grow  through  the  sclera  to  the  outside, 
and  there  break  down.  Anatomical  examination  shows  that  it  consists  of  a 
great  number  of  smaller  miliary  nodules,  which  have  coalesced  to  form  one 
pretty  large  tumor.  In  the  center  of  the  latter  caseation  takes  place.  The 
solitary  form  of  tuberculosis  of  the  chorioid  is  a  verj'  rare  disease,  pre-eminently 
affecting  young  jwople.  It  runs  a  chronic  course,  and  accompanies  chronic 
tuberculosis  of  the  internal  organs,  especially  of  the  bruin.  There  are,  however, 
cases  in  which,  besides  the  tuiierculous  nodule  in  the  eye,  no  focus  of  tubercle 
can  be  clinically  demonsitrated  to  exist  in  the  organism. 

The  prognosis  of  solitarj"  tubercle  of  the  cliorioid  is  bnd,  üincc  the  eve  inJ 
any  case  is  lost,  and  in  most  cases  also  life  is  endangered  through  the  presence" 
of  tuberculous  disease  in  other  parts.  The  treatment  consi.^ts  in  the  enucleation 
of  the  eye,  a  procedure  which  is  e.specially  indicated  in  those  cases  in  which 
the  chorioidal  tubercle  appears  to  form  the  only  tuberculous  focus.  Enuclea- 
tion in  this  case  has  as  its  primary  object  the  prevention  of  any  further  diffusion 
of  the  tuberculous  virus. 


III.  Congenital  AxoMALrES  of  the  Ciioiiioid. 

81.  Goloboma  of  the  Chorioid, — In  ibis  affection  the  ophthalmo- 
scope shows  a  brilliant  white  area  in  the  red  fundus  below  the  optic- 
nerve  tnlriince.  This  area  is  oval  or  obtusely  trianguhir,  and  has 
sharply  defined  eilgea,  oftcni  colorc^d  dark  with  pigment.  Within  the 
area  of  the  coloboma,  which  is  deprcesed  below  the  level  of  the  rest  of 
the  fundus,  may  be  recognized  some  vessels  and  pigment  (Fig.  70). 

Coloboma  of  the  chorioid  is  a  circiimscnhc-d  defect  in  tlie  chorioid 
and  retina,  in  the  confines  of  which  the  sclera  lies  exposed,  and  is 
hence  visible  as  a  white  surface.  Coloboma  of  the  chorioid  is  fre- 
quently found  along  with  coloboma  of  the  iris,  and  also  with  other 
Büotnalies  of  the  eye.  Such  eyes  are  often  smaller  than  usual 
(microphthalmus).  Sometimes,  indeed,  eyeballs  are  found  which  are 
only  as  large  as  a  pea  or  a  millet-seed,  and  which  lie  entirely  in  the 
back  part  of  the  orbit,  and  are  not  discovered  in  an  examination  made 
upon  the  living  subject.  In  this  way  absence  of  the  eye  (anophthal- 
raus)  is  simulated.  Whether  a  true  anophthalmus — i.  e.,  a  condition 
in  which,  while  the  orbit  is  present,  there  is  not  even  a  rudiment  of 
the  eyeball — does  occur  or  not,  lias  not  so  far  been  determined. 

The  eyesight  Buffers  in  coloboma  of  the  chorioid  because,  in  the 
first  place,  the  coloboma  corri^jvonds  to  a  defect  in  the  visual  field, 
iloreover,  even  the  direct  visual  acuity  is  usually  defective  because  the 
eye,  as  a  whole,  has  had  its  development  deranged.  In  the  higher  de- 
grees of  micrnphtbalinua  the  sight  is  reduced  to  the  mere  differentia- 
tion of  light  from  darkness. 

Coloboma  of  the  chorioid  is  in  a  marked  degree  transmissible  by 
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inheritance,  and  that,  too,  not  infrequently  in  conjunction  with  other 
congenital  malfürmationg  of  the  body. 

Even  the  smiillest  colobomata  are  much  larger  than  the  optic  disk;  and  the 
large  cololiomiiUi  are  so  extensive  that  their  anterior  border  can  no  hjnger  be 
seen  with  the  ophthalmoscope,  Ix'cjiuw  it  lies  too  far  forward.  So,  too,  they 
may  extend  so  far  backward  tliat  they  iavolve  the  pupiHa.  The  latter,  in  that 
case,  is  geaerully  iharrged  in  sliiipe  und  afjpearance — Houietimes  so  much  ro  that 
its  sitiiation  in  recognized  only  through  the  intimRtion  afforded  by  the  place  of 
origin  of  the  retinal  vessels.  The  surface  of  the  coloboma  lies  deeper  than  the 
reMt  of  the  fuudu»,  and  often  showa  dianoekd  dcpresälons  or  prominent  ridges. 


Fio.  TO.~LoWER  Hixr  or  am  Etc  -«rrrB  Cok«khttal  Cou>»oux  or  tbk  Iiua,  Ciuamy  Bodt, 

AND   ClKHUDIU. 

In  Ihp  Irla,  whose  posterior  «urfseo  is  Mwn  in  the  Mriiiv,  in  r(>rtofniicc<l  the  prolonjcBtlon  of  the 
pupil.  runninK  out  In  a  «harp  tHiInt  t<^i  rlic  lower  L-illarv'  nmrKin.  In  the  ivnTespondln«:  soot, 
tilt*  <-ihury  proc  wir>  are  wanting  ;  th«>  ]inxv«HeM  iinmnliiitfly  adjoining  this  gap  are  nlsber 
and  longer  than  tfae  rnut,  nnd,  as  thvy  divi'r>rf  Itackwanl,  iiic-l>>M-  a  triangular,  vtry  ilarkly 
pl^'HK'utml  itn>8.  Still  farther  liackwanl  llien>  oxisti«  Id  thi>  wall  of  the  eyeball  a  de«p  exca- 
vntlon  of  oval  form,  whuen  wlpt*  are  sharply  defined  ami  in  i>art  i iv(>rhajaging.  l.'[K>n  the 
fliior  of  the  excavation  Ls  *?cn  the  si'lera,  ooveriMl  «initily  liy  a  very  thin,  tranKpairnt  pellicle, 
in  which  run  oevcral  ve«Hel8.  The  posterior  iK>le  of  tike  oval  fumied  by  tbe  coloboma  of  ÜM 
diorloid  is  directed  toward  the  fovea  ctmtralia,  /. 

The  vessels  wliich  are  seen  in  the  coloboma  are  partly  those  which  Ix-long  to  the 
retina,  und  which  |MVS8  with  it  over  the  coloboma,  partly  those  originating  in 
the  latter  itjtelf.     The  latter  nnwt  be  regarded  aa  ]Ki8terior  ciliary  vesw-l». 

In  rare  ciuses  large,  white,  depressed  areas  have  been  observed  not  below, 
Imt  to  tlie  outside,  of  the  optic  nerve,  in  the  region  of  the  yellow  m>ot.  The&e 
have  likewise  been  looked  upon  as  congenital  maLformations — colobomata  of 
the  macula. 

The  formation  of  colobomata  occurs  also  in  the  optic  nerve.  Either  a  deep 
depression  is  found  in  the  lower  part  of  the  latter  or  the  entire  optic-nerve  en- 
trance  i«  enhtrgeil  to  several  times  its  usual  size,  and  the  vessels  coming  out 
from  it  are.  as  it  were,  forced  apart.  Ci>l<)bomata  of  the  optic  disk  arc  met 
with  either  alone  or  in  conjunction  with  colobomata  of  the  chorioiil.  The  con- 
genital crescents  on  the  lower  side  of  the  disk,  which  are  the  usual  concomitant 
of  congenital  amblyopia  (see  page  318),  should  also  prol>ably  \m;  regarded  as 
rudimentary  colobomata  of  the  optic  disk. 

Anatmniml  eiamination  of  an  eye  affected  with  coloboma  of  the  chorioid 
shows  externally  a  protnision  of  the  sclera,  situated  below  the  optic  nerve, 
the  scleral  protuberance  first  described  by  Ammon  (see  page  228).  Correspond- 
ing to  this,  in  the  inner  membrane«  of  the  eye,  is  the  coloboma  visible  with  the 
ophthalmoacope  (Fig.  70).     Within  this,  microscopical  examination  reveals,  for 
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tlic  most  |>Qrt,  only  a  thin  pellicle  compoBcd  of  connective  tissue,  the  remains 
uf  the  fust«!  churioid  und  retina.  The  origin  of  such  a  coloboma  i»  referable  to 
the  fo-'tat  ocular  fissure.  Tlii»  exists  at  the  lower  side  of  the  secondary  ocular 
vesicle — the  Öask-shapccl  »Inicture  of  the  cmI>ryoinc  eye — and  is  designed  for 
the  ndmission  of  the  inesodcrm  into  the  interior  of  this  structure  (Fig.  57,  see 
page  268).  Later  on,  this  fissure  onght  to  close  again  withtmt  leaving  any  trace 
of  its  presence.  But  if  the  closure  takes  place  iucunipletely.  a  coloboma  is 
formed.  The  widla  of  the  retinal  fissure,  in  this  ca»e,  do  not  grow  together 
directly,  but  are  connected  by  tliin,  intermediiito  tissue.  In  corisequence  of  the 
patency  of  the  retinal  fissure,  the  growth  of  tl»e  chorioid  over  the  external  sur- 
face of  the  retina  is  interfered  with,  so  that  at  the  «ite  of  the  fissure  retina  and 
chorioid  iiüke  are  wanting,  or  arc  replaced  by  connective  tüssue.  Liurtly,  the  de- 
velopment of  the  sclera,  too,  faiU  to  take  jilace  in  normal  fnshioii  in  tile  affected 
sjKit;  it  ist  thin  and  yielding  here,  and  bulges  out  beneath  the  intra-oeiilur  press- 
ure, and  in  this  way  the  [wsterior  scleral  protuberance  originates.  The  original 
Bite  of  the  coloboma  is  hence  in  the  retiiwi,  and  the  di.-*turbance  of  development 
in  the  ndjacent  chorioid  and  sclcni  is  consecutive.  The  fietal  ocular  lissure  is 
furthermore  continued  u»  a  furrow  upim  the  pedicle  of  the  ocular  vesicle,  which 
is  afterward  the  ojjtic  nerve.  By  incomjtieto  closure  of  this  furrow  the  colobo- 
mata  of  the  optic  nerve  are  formed. 

Coloboma  of  the  iria  is  to  be  explained  as  a  derivative  of  coloboma  of  the 
chorioid.  The  iris  grows  out  from  the  anterior  margin  of  tl^e  rudimentary  cho- 
rioid at  a  time  when  the  fa'tal  ocular  fissure  is  already  closed ;  hence  the  iris  in 
no  Btogc  of  its  development  has  a  fissure.  But  when  the  chorioid  suffers  a  de- 
rangement of  development  at  the  site  of  the  retinal  fissure,  this  dcrangeroent 
may  be  transmitted  to  the  iris,  which  wilt  hence  fail  to  grow  out  in  normal  fasb- 
hion  from  the  chorioid  at  the  affected  spot.  Hence  the  iris  here  is  wanting 
(coloboma  of  the  iris).  This  cundition  may  i>ersist,  even  if  the  fissure  in  the 
retina  and  chorioid  afterward  closes  comfiletely,  so  that  then  a  coloboma  of  the 
irifl  is  produci'd  without  a  coexisting  coloboma  of  the  chorioid. 

In  many  case.H  the  incomjtlete  cleisure  of  the  ocular  fissure  entAils  still 
more  serious  derangements.  The  intermediary  tissue  closing  in  the  fissure 
bulges  out  into  quite  a  large  sac,  which  is  appended  to  the  eyebull,  while  the 
latter  itself  la  retarded  in  its  development,  and  is  much  smaller  than  usual  (mi- 
crophthalmus).  The  tissue  connecting  the  sac  and  the  eyeball  may  become  elon- 
gated and  at  the  same  time  contract  into  a  thin  cord,  ho  that  finally  we  have 
a  large  bladder  to  which  the  eyeball,  reduced  to  the  size  of  a  pea,  or  even 
less,  is  attached  by  means  of  a  long  pedicle.  In  (his  manner  those  cases 
originate  in  which  thi-rc  is  apparently  anophthntTinis,  und  at  the  same  time  a 
dark,  transparent  cyst  is  formed  in  the  lower  lid  ( ArU). 

The  ex]»lanations  uf  the  origin  of  colobomnta  coiitain  much  that  is  yet  hypo- 
thetical and  unaccounted  for.  Moreover,  there  is  no  unanimity  of  opinion  as 
to  the  real  cause  preventing  the  regular  clusure  of  the  ocnliir  fissure — whether 
there  is  a  simple  arrest  of  development,  or  whether  an  inflammation  in  the 
region  of  the  fissvire  is  accountable  for  it.  Still  smaller  ia  our  knowledge  Id 
regard  to  the  origin  of  cnlobomuta  in  the  maruta  lutea. 


AUnnitm  consist«  in  the  absence  of  the  physiological  pigment.  Albinos 
have  yellowish-white  flaxen  hair  and  also  white  eyebrows  and  litshea.  The  iris 
is  light  gray,  and  appears  reddish  by  transmitted  light,  while  the  pupil  boa  • 
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vivid  red  luster.  With  the  ophtbalmoacope  the  blood- Teasels  of  the  retina  and 
chorioid  are  seen  with  perfect  distinctaess  running  upon  the  almost  -white 
fundus,  with  which  the  papilla  is  contrasted  by  its  daiic,  grayish-red  color. 
Albinotic  eyes  are  Photophobie,  and  hence  see  better  in  the  dusk;  their  visual 
acuity  is  always  reduced;  and  nystagmus,  frequently  combined  with  a  pretty 
high  degree  of  myopia  or  with  strabismus,  is  constantly  present.  Albinism  is 
congenital  and  often  inherited.  In  albinotic  eyes  the  pigmentiferous  cells  of 
the  uvea  and  the  retina  are  present,  just  the  same  as  in  the  normal  eye,  only 
they  contain  no  pigment.  All  sorts  of  transition  forms  exist  between  complete 
albinism  and  normal  pigmentation. 


CHAPTER  VII. 


GLAUCOMA. 


General  Considerations. 

82.  The  essence  of  glaucoma  lies  in  the  increase  in  the  inira-oculat 
pressure,  from  which  all  tiie  otht-T  essential  s^-mptoms  of  ghuicoma  can 
be  deduced  (Von  Oracfe).  In  erne  series  of  cases  the  increase  in  press- 
ure Beta  in  without  our  being  able  to  discover  anj  reason  for  it  in  an 
antecedent  disease  of  the  eye  {prlmari/  fflnuroma).  In  other  cases,  on 
the  contrary,  the  increase  in  pressure  is  the  result  of  some  other  disease 
of  the  eye  {scconditri/  glaucoma).  Primary  glaucoma,  accordingly,  has 
increase  in  tension  as  its  first  and  most  important  symptom,  from  which 
all  tho  rest  of  its  pbenomena  arise — it  is  glaucotna  proper,  the  glaucoma 
par  excellence.  In  secondary  glaucomfi,  ou  the  contrary,  the  increase 
in  tension  is  only  a  consequence  of  other  pathological  conditions — is  an 
accessory,  as  it  wore.  The  cliuiciil  picture  of  secondiiry  glaucoma, 
therefore,  is  exceedingly  polymorphous,  varying  according  tu  the  dif- 
ferent affections  which  form  the  basis  of  it.  While  genuine  or  primary 
glaucoma  always  affects  both  eyes,  although  not  always  at  the  same 
time,  secondiiry  glaucoma  remains  confined  to  the  eye  which,  through 
being  diseased,  has  given  rise  to  the  increase  in  tension. 

The  cousi'ijnenceii  of  increase  of  tension,  inevitably  occurring  if  it 
lasts  a  long  time,  are  excavation  of  tho  optic  nervo,  and  reduction,  with 
ultimate  annihilation,  of  the  sight. 

Excavation  of  the  opiic  nerve  is  dependent  upon  the  recession  of  the 
lamina  cribrosa.  By  the  latter  we  understand  that  part  of  the  sclera 
which  lies  at  the  point  of  entrance  of  the  optic  nerve  into  the  eye,  and 
which  is  perforated  by  numerous  foramina  designed  for  the  passage 
of  the  bundles  of  fibers  of  the  nerve  (Fig.  9).  The  lamina  cribrosa  is 
that  part  of  the  fibrous  tunic  of  the  eye  (corneo-sclera)  which  h«is  the 
least  tenacity,  and  hence  gives  way  first  to  increased  ocnlar  pressure, 
which  it  does  by  bulging  backward.  But  at  the  same  time  the  optic- 
nerve  fibers,  set  in  the  foramina  of  the  lamina  cribrosa,  also  recede,  so 
that  the  surface  nf  the  optic  nerve  itself  sinks  back  {e.  Fig.  71  B).  Upon 
ophthalmoscopic  examination  the  papilla  appears  depressed  below  the 
level  of  the  adjacent  fundus — slightly  at  first,  afterward  a  good  deal — 
so  that  the  margins  of  the  papilla  dip  down  steeply,  or  are  even  over- 
hanging.   This  condition  is  recognized  chietly  by  the  bending  or  actual 
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interniption  of  the  blood-vessels  at  the  spot  where  they  pass  from  the 
retiua  over  the  edge  of  the  papilla  and  dip  down  into  its  depth  (Fig. 
71,^).  The  nerve-fibers,  too,  like  tlie  blood-vessels,  undergo  flexion 
or  interruption  at  the  edge  of  the  papilla.  This  interru])tion,  together 
with  the  high  pressure  to  which  the  uerve-fibers  are  exposed  in  the  in- 
terior of  the  eye,  causes  them  to  atrophy.    Accordingly,  iu  the  later 


Umporal 


d     <*r  p 


nasal 


Fzo.  71.— Oladoomatovs  Excavation  or  the  Optic  Nkrvb.    Maomfixo  U  h  1. 
Of.  the  Domuü  opUc  nerre  In  Vig.  9,  p.  14. 

A,  OrBTHAutoscono  Ptcnmrn  or  thb  Papiixa.— The  p*pllli^  **  bounded  by  k  «harp,  orerhaiiK 

ing  eilfc*.  at  which  the  «rteriM,  a,  and  the  T^lns,  r,  of  thp  retina  appear  to  Rtop  with  tht-ir 
euil»  U'Cit  over  lbe«dK«.  Thh  ia  due  to  th»-  fart  that  thi-ir  ciintlniiatlnn  nn  tin-  tlrxir  of  tiiv 
rxcavutini)  I«  orten  dtoplacpd  aomewhat  latorally  an  coiniwrfd  with  th(<  portion  xituated  in 
the  rt'tina  ;  mon>oTer.  thi-  Tt-sacla  wltliln  tht>  oxcnvallnii  an-  m^ii  tiut  intlistinctly.  Iu  the 
outer  half  of  thf  fxravntion  an-  utt-a  Ihc  ern y  ihit»  of  ihc  lamina  oriliroaa.  Tin*  sone,  h,  of 
tlit^  fuD<lu8,  ailjoiniiii;  the  (lapilla,  i«  ilrii>l<irixri]  «halo  Klaui->>iiiatos(iM. 

B,  IjtyciiTvniyAi.  Skitihn  throi-ou  thk  Hkauofthk  tiprio  Nervk —Thw  obowg  a  deep  exca- 
vation, f,  on  the  ttiMT  of  which  only  a  few  rt'uialn«  of  the  ni?rv»^nbiTR,  6.  are  viafble.  The 
cviilral  vessels,  r.  iu>t'«-D(l  up"n  the  retina,  r.  at  I  lie  nanal  iiiarKi»  of  til«  excavation  ;  flu« 
iiiiiennosf  layer  <mifr-lav«Ti  of  the  retina  in  cunsideraMy  dIniiiiiMhediin  sir«»  flir- ■'■"»>  ■"--.?.),v. 
ch.  ohorioid  ;  »,  Hctera  Ylii*  volume  of  the  Irunic  of  the  optic  nerve  has  !»•■  'i|y 
rpilticeij  lliroiiKh  the  atrojihy  of  tlie  biiiuile«of  iiervetllwrs.  »i.  .As  a  result  ■  :  ii-r- 
•paci«  between  the  sheaths  of  the  optli:  nerve  (the  pla  tJieath.  p.  the  arnchu-  ...  n...«.;.,  tir, 
and  the  dural  idieath,  d}  are  lUlated,  e«|)ecia]ly  on  the  temporal  fclde. 

stages,  we  see  tliat  the  papilla  is  not  only  depressed,  but  is  also  bSeached 
out  and  of  a  bhiish-white  color,  because  the  nerve-fibers  have  been  de- 
stroyed and  the  clear  wliite  lamina  cribrosa  is  exposed.  The  atrophy 
of  the  optic-nerve  filters  is  also  the  most  important  cause  of  the  de- 
crease of  visual  power  which  accompanies  the  elevation  of  tension. 
Impairment  of  both  direct  and  indirect  vision  occurs.  The  former 
finds  its  expression  iu  the  gradual  diminution  of  the  acuity  of  central 
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vision,  the  latter  in  the  limitalion  of  the  field  of  vision — a  limitation 
which  begins,  in  the  majority  of  eases,  on  the  nasal  side,  as  the  tem- 
poral side  of  the  retina  becomes  insensitive  first  Finally,  complete 
blindness  supervenes. 

Primary  glaucoma  is  a  common  disease,  consthutinp  about  one  per  cent 
all  cases  of  eyi'-diwHse.  Its  accurate  recognition  is  of  the  ^eatest  importano6^ 
for  the  general  practitioaer,  the  more  so  because  here  promjit  and  profur  thera- 
peutic iuterfcrencn  can  Huve  everything,  but  a  false  liiagnosiB  and  improper 
treatment  may  dentroy  everything.  Unfortunately,  we  still  constantly  get  un- 
der obaervatiim  many  cases  of  glaucoma  which  have  not  been  correctly  diag- 
nostioatcd  by  the  general  practitioner,  and  which  come  to  the  ophthalmologist 
only  whin  assistance  is  no  longer  possible.  Cases  of  iijflanunat<iry  glaucoma 
are  often  confounded  with  iritis  or  iridocyclitis,  and  are  accordingly  treated 
with  atropine,  which  bus  a  particularly  injurious  action  in  glaucoma.  Cbscs  of 
glaucoma  simplex  whicli  present  no  external  symptom*  of  inflammation  »re  not 
infrequently  regarded  as  commencing  cataract,  and  the  patients  are  put  off  in 
e.vjx'ctatioii  of  the  cataract's  becoming  rif>e,  so  that  they  delay  until  it  is  too 
late  for  iridectomy. 

Glaucoma  has  been  known  from  antiquity.  Of  crjurse,  it  is  only  the  inflam- 
matory  variety  that  has  been  thus  known,  since  the  noninflammatory  variety' 
can  be  diagnosticated  hy  the  ophthalmoscope  alone.  Hence  this  second  variety 
was  lumped  together  with  the  other  kinds  of  blindnessi,  whieb  are  j>roduced  by 
disca-ws  nf  the  deejily  situated  membranes  of  tlic  eye,  and  which  have  no  exter- 
nal manifestations,  under  the  common  mime  of  amaurosis.  Inflammatory  glau- 
coma was  usually  regarded  as  having  a  connection  with  gout,  and  was  hence  called 
ophthalmia  arthritic«.  The  first  to  recognize  the  increase  in  tension  as  the  most 
important  symptom  of  glaucoma  were  Mackeniie,  and  particuhirly  Von  Graefe. 
Heinrich  Müller,  a  man  deserving  the  greatest  praise  in  all  that  relatesto  the  patho- 
logical anatomy  of  the  eye,  was  the  first  to  demonstrate  anatomically  the  pressure- 
excavation  of  the  optic  nerve  (1856>;  soon  afterwurd  it  was  accurately  diagnos- 
ticated in  the  ophthalmoscopic  picture  by  Weber  an<l  Fr>rsfer,  Mackenzie,  start- 
ting  from  the  fact  of  the  increase  of  tension,  had  already  attempted  to  effect  the 
cure  of  glaucoma  by  repeated  puncture  of  the  cornea,  without,  however,  obtain- 
ing any  lusting  result.  Such  a  result  was  first  obtained  by  Von  Graefe,  who,  in 
the  year  1850,  employed  iridectomy  for  the  first  time  in  glaucoma,  after  having 
found  it  efficient  in  various  other  diseases  of  the  eye.  This  was  one  of  the  most 
pregnant  discoveries  in  ophthalmology,  and  one  which  will  for  all  time  redound^ 
to  the  glory  of  Von  Graefe.  We  have  onl}»  to  remember  that  formerly  every  case 
of  glaucoma  inevitalily  led  to  blindness,  and  that  now,  thanks  to  iridcclomy, 
the  majority  of  ghiucomatous  patients  can  be  cured.  How  many  thousands 
there  are  who  formerly  would  have  been  forced  to  sink  year  by  year  irretriev- 
ably into  the  night  of  blindness,  but  w^ho  now  are  saved  for  vision  through  Von 
Graefe's  discovery ! 

With  reference  to  e^enrttiion  of  tJie  optir  »erre,  three  varieties  are  distin- 
guished— the  physiological,  the  atrophic,  and  the  glaucomatous.  The  phynct- 
logieid  Amimtion  (Fig.  72  ^1)  originates  from  the  fact  that  the  bundles  of  fibers 
of  the  optic  nerve,  when  separating  from  each  other  so  as  to  curve  into  the 
retina,  do  so,  not  in  the  plane  of  the  retina,  but  behind  it;  the  lamina  cribrosa^j 
however,  is  in  its  normal  situation.     The  jjhysioli'gical  excavation  ia  alwajra 
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partial — i.  c,  even  If  it  i»  very  large  it  never  takes  up  the  entire  papilla,  because 
a  certain  space  close  to  the  edge  of  the  papillu  must  always  be  occupied  by  the 
nerve-fib«rfl  which  arc  passing  over  into  the  retina  (page  18,  and  Figs.  5  and  9). 
The  atrophic  eroitatUtn  (Fig.  73  D)  is  caused  by  the  di>uip|)earance  of  the  nerve- 
libers  whk'h  exist  as  the  papula  of  the  optic  nerve  in  front  of  the  lamina  cri" 
bro«a,  the  latter  remaining  in  its  place.  The  atntpliic  excavation  is  total — i.  c., 
extends  over  tlie  entire  papilla,  but  always  remains  shallow,  for  at  most  it  can 
only  attain  a  dcjith  eijujil  to  that  at  which  the  lamina  eribrosa  lies  behind  the 
iuncr  surface  of  the  retina.  In  the  atropine  excavation,  the  ptt[)itla  is  «t  the 
»atne  time  bleached  white  i»n  account  of  the  disappearance  of  the  nerve-fibers. 
The  phj'siological  and  the  atrophic  excavations  have  this  in  common,  that  the 
lamina  cribrosa  remains  undJspJaced ;  as  the  iamina  cribrosa  forms  the  floor  of 
the  excavation,  the  «^'pth  of  the  latter  i«  cou&uini  within  narrow  limita.     The 


Fio.  TS.— The  Tbreb  Kintm  qv  Excavation  or  th«  Optic  NEnrv.— ^cuKMATia 

A,  PnrsiouxncAL  Kxoavatios.— Funnel-shaped,  partial,  with  nomial  lamina  cribroea. 

B,  Atkopidc  Kxcavatio!«.  — Bowl-Rhapt«).  total,  with  normal  laininA  cribrosa. 

C,  OLArcoKAToca  ExcAVATio.v.— AuipuJlifuriu,  totjii,  with  \hv  laiiiliia  cribru«a  bulged  out  poste- 

riorly. 

glnneomatou»  exeacation  (Fig.  72  C)  is  distinguished  from  the  preceding  kinds, 
first  of  all,  by  the  fact  that  it  originates  in  a  recession  of  the  lamina  cribrosa; 
it  can  hence  attain  a  much  more  considerable  depth  than  they-  The  glau- 
comatous excavation  comprises  the  entire  papilla,  which,  in  the  beginning,  still 
shows  the  red  coloration  of  health.  Ijiter  on,  the  nerve-bundles  are  destroyed 
by  atro|)hy,  so  that  the  papilla  becomes  white,  and  displays  exposed  u]ion  its 
floor  the  lamina  cribrosa.  With  this  is  associated  a  still  further  increase  in  the 
excavation,  the  ik-pth  of  which  is  increased  by  a  space  equal  to  the  thickness  of 
the  destroyed  pajtilla  of  the  optic  nerve. 

The  ophtftalmo$copk  »iya»  distinguishing  the  three  kinds  of  excavation  are, 
therefore,  as  follows;  A  partial  excavation  is  physiological,  a  total  one  is  patho- 
logical, and  either  atrophic  or  glaucomatous.  The  atrophic  excavation  is  shal- 
low, and  the  papilla,  at  the  same  time,  very  white.  The  glaucomatous  excavation 
may  l«e  shallow  or  deej),  according  as  it  him  existed  for  a  longer  or  shorter  time. 
la  a  shallow  glaucomatous!  excavation  the  papilla  is  fount!  to  have  still  a  good 
color — a  feature  wldch  distinguishes  it  fri>m  the  »itrophic  excavation.  If  the 
excavation  is  deep  and  total,  it  can  only  l>e  a  gliucomatous  one,  whatever  color 
the  papilla  may  have.  In  practice,  the  distinction  between  the  individual  form» 
of  exaivation  is  sometimes  very  difficult  tr>  make. 

The  ophthalmoaeopie  pirture  of  a  glaiicoraatous  excavation  of  the  optic  nerve 
shows  the  papilla  to  be  paler,  and,  in  advanced  cases,  bluish  or  greenish  white. 
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A  shadow  is  seen  running  along  the  marjjin,  while  the  center  of  tlie  excavation 
is  the  jjurt  lightest  in  color.  On  the  floor  of  the  excavation  may  be  recogiiiziKi 
the  gray  dot-marks  of  the  lamina  cribrosa  (Fig.  71,  I).  The  vessels  do  not 
emerge  at  the  center,  but,  for  the  most  part,  close  to  the  ioner  margin  of  the 
papilla.  At  the  «pot  where  they  puss  over  the  edge  of  the  pnpilla.  to  go  to  the 
retiua  they  show  a  bending,  or,  in  deep  excaTations,  an  interniptiou,  of  their 
course.  If  the  edge  of  the  excavation  is  overhanging,  the  ascending  portion  of 
the  vessel  may  be  completely  concealed  behind  it,  so  that  tlie  blood-vessels 
arising  frcjm  the  vawiular  entrance  seem  to  disappear  at  the  edge  of  the  papilia 
to  emerge  again  in  the  retina  at  some  other  spot.  It  is  only  in  the  inverted 
image  that  the  course  of  the  vessel  am  be  seen  distinctly  in  its  whole  extent  at 
once;  in  the  erect  image,  the  vessels  on  the  papilla  and  tliose  in  the  retina  are 
never  seen  clearly  at  the  same  time,  since  they  lie  at  different  depths  and  hence 
have  a  different  refraction.  That  is,  if  the  adjustmcvnt  is  made  for  the  vi'.s.sel9 
in  the  retina  (Fig.  71,  a  and  p\,  the  vessels  on  the  floor  of  the  excavation  (Fig. 
71,  p)  look  (juite  pale  and  hazy,  and  vice  versa.  The  vessels  in  the  excavation 
have,  as  comfiared  with  those  in  the  retina,  a  myopic  refraction,  and  hence,  to 
be  seen  distinctly,  require  a  corres]iondingly  strong  concave  glass.  From  the 
difl'ercnce  in  refraction  between  the  margin  and  the  floor  of  the  excavation,  the 
depth  of  the  latter  can  be  estimated  (see  jiage  18),  and  by  rejM?ated  measure- 
ments of  this  sort  we  can  determine  whether,  as  time  goes  on,  the  (le}ith  of  the 
excavation  is  increasing  or  diminishing.  In  the  inverted  image,  the  dilTerence 
of  level  manifusla  itself  only  by  parallactic  displacement  (page  18).  The  cali- 
ber of  the  arteries  is  contracted,  while  the  veins  are  distendetl  and  tortuous — 
in  fact,  sometimes  there  is  a  whole  convoluted  mass  of  vascular  loops  lying  on 
the  floor  of  the  excavation.  These  changes  of  vascular  caliber  are  ca.sily  ac- 
counted  for  by  the  action  which  the  increase  of  pres.«!urc  exerts  ttpon  the  veascla 
of  the  vascular  entrance,  permitting  less  blood  to  enter  the  arteries  of  the  retina, 
and,  on  the  other  hiind,  obütructing  the  outflow  of  blood  from  the  veins.  The 
former,  therefore,  are  fiOed  too  little,  the  latter  are  filled  too  much.  We  very 
often  observe  u  pulsation  in  the  veins,  anxl  not  infreipjently,  also,  a  jiulsation  in 
the  arteries  within  the  papilla.  (For  the  explanation  of  this,  see  page  15.) 
When  glaucomatous  e.vcavation  has  lasted  for  a  long  time,  the  papilla  is  usually 
found  to  be  surrounded  by  a  white  or  yellow  area,  which  ia  the  expres-sion  of 
an  atrophy  of  the  chorioid  about  the  papilla  (halo  glaucomatosus,  Fig.  71,  h). 
The  rest  of  the  fundus  ia  the  later  stages  often  presents  a  tessellated  appear- 
ance (Fig.  68). 

The  condition  of  the  sight  is  not  always  in  direct  proportion  to  the  depth 
of  the  excavation — in  fact,  it  is  not  the  recession  of  the  lamina  cribrosa  as  such 
th:it  affects  the  vision,  but  the  atrophy  of  the  optic  nerve,  which,  though  pro- 
duced by  it,  does  not  always  by  any  means  keep  pace  with  the  formation  of  the 
excavation.  Thus  we  sometimes  see  ca.ses  with  deep  excavation  and  yet  with 
normal  visual  acuity  and  a  large  field  of  vision.  On  the  other  hand,  by  a  very 
considerable  increase  in  pressure — as  in  glaucoma  fuhninan.s — the  sight  may  be 
completely  extinguished  within  a  few  hours  by  paralysis  of  the  optic-nerve 
fibers  without  there  being  any  excavation  of  the  optic  nerve,  becjiusc  the  time 
is  too  short  for  it  to  he  formed.  Accordingly,  in  forming  a  judgment  as  to  the 
acuity  of  vision,  we  nmst  Ik-  guided  rather  by  the  color  of  tlie  pajiilla  and  the 
caliber  of  the  retinal  arteries  than  by  the  de]ith  of  the  excavation,  since  atrophy 
of  the  nerve-fibers  makes  itself  known  intduiy  through  the  (laUor  of  the  papilla. 
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I.    PllIMAK\    fiLAUCOMA. 

83.  Primary  glaucoma,  also  called  simply  glaucoma,  sets  in  with 
varying  symptoms.  If  tho  pressure  rises  suddenly  to  a  cou8ideral»le 
height,  infiainmutory  symptoms  are  excited;  on  the  contrary,  these 
symptoms  are  wanting  when  the  increase  in  tension  develops  gradually 
and  keeps  within  narrow  limits.  Accordingly,  an  infliimnuitory  and  a 
Qon-iufliinanutory  form  of  glaucoma  (glaucoma  inlhimmatorium  and 
glaucoma  simplex)  are  distinguished. 

A.  Glaucoma  Inflammatorium. 

iTitlammatory  glaucoma  runs  a  typical  course,  especially  in  the  acute 
oases  (glaucoma  itiilammiUorium  iiontiiim),  which,  therefore,  will  be  first 
described.  In  the  course  of  iullammatory  glaucoma  the  following  stages 
are  distinguished  : 

(1)  tSt(it/e  of  Prodromata. — The  prodromal  stage,  which  in  most 
cases  precedes  the  inflammatory  attack,  is  chanicterized  first  of  all  by 
attacks  of  obscuration  of  vision.  The  patient  declares  that  during 
these  attacks  he  does  not  see  as  well,  having  at  the  same  time  the  feel- 
ing as  if  there  was  a  cloud  or  smoke  concealing  objects  from  him.  If 
there  is  a  light  in  the  room,  he  sees  a  riug  about  it  having  the  colors 
of  the  rainbow.  During  the  attack  there  frequently  exists  a  feeling  of 
tension  in  the  eye,  or  a  dull  frontal  headache.  If  the  physician  exam- 
ines the  eye  during  such  an  attack,  he  finds  the  cornea  a  little  dull  and 
difTusely  clouded,  like  glass  that  has  been  breathed  upon.  The  oloudi- 
tiess  is  greatest  at  the  center,  smallest  at  the  periphery,  and,  on  account 
of  its  uniformity  of  distribution,  causes  con.«idembIe  disturbance  of 
vision.  It  also  pnnluces  tlie  uppearaiiee  of  a  colored  ring  about  a 
lumiuous  fiame — an  appearance  similar  to  that  which,  for  instance,  we 
sec  when,  on  a  cloudy  winter  night,  we  hrok  through  the  frost-covered 
window-])ane8  at  a  gas-flamo  in  the  street.  The  anterior  chamber  is 
somewhat  shallower  through  advancement  of  the  iris;  tlie  pupil  is 
more  dilated  than  usual  and  reacts  sluggishly ;  tfie  tension  of  the  eye 
is  distinctly  increased.  Frequently,  too,  slight  ciliary  injection  is 
present. 

Such  an  attack  ordinarily  lasts  several  hours,  after  which  the  oye 
returns  once  more  completely  to  the  norma!  condition,  both  as  regards 
its  appearance  and  as  regards  its  function.  The  attacks  at  first  make 
their  apjtearance  at  pretty  long  intervals  (of  months  or  weeks) ;  later 
on,  tliey  become  constantly  more  frequent.  Often  sfKJcific  causes  for 
their  existence  can  be  demonstrated,  such  as  hearty  meals,  lateness  in 
going  to  bed,  causes  of  emotional  eitcitement  (among  others,  card-play- 
ing), etc.  In  many  cases  they  return,  even  without  cause,  periodically, 
sometimes  even  every  day,  so  that  the  patient,  for  example,  declares 
that  he  always  sees  through  a  cloud  in  the  morning,  and  commencing 
23 
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with  the  afternoon  begins  to  see  clearly,  or  vice  versa.  If  the  attacks 
come  on  in  the  evening,  thev  a!iv;iys  eoase  when  the  patient  falls 
asleep;  even  in  the  daytime  an  attack  may  be  cut  short  by  blä  going 
to  sleep. 

In  the  intervals  between  the  prodromal  attacks  the  sight  of  the  eye 
is  normal ;  but  the  patient  complains  that,  to  see  near  by,  he  has  to 
employ  stronger  and  stronger  glasses — rapid  increase  of  presbyopia 
through  dimiiuition  of  the  power  of  accommodation  (see  g  14'^). 

The  prodromal  stage  sJometimes  lasts  only  a  few  weeks,  sometimes 
is  protracted  over  months  or  even  years.  In  the  latter  case,  the  eye 
gnwltially  undergoes  definite  cluuigcs,  so  that  it  is  no  longer  normal 
even  in  the  intervals  between  the  attacks.  The  eye  acquires  externally 
the  glaucomatous  aspect,  aiul  an  excavation  likewise  forms  in  conse- 
quence of  the  oft-repeated  increase  of  pressure.  Consequently  the 
sight  itself  is  no  longer  perfect  even  during  the  time  in  which  no  at- 
tacks occur  (transition  to  glaucoma  inflammatorium  chronicum). 

(2)  The  second  stage  is  that  of  tjhiurnintt  t-rnfiffuni,  which  is  ush- 
ered in  by  the  afffivl-  of  acttftf  (jlnHcomn.  This  set»  in  suddenly,  after  the 
prodromal  stage  has  lasted  a  longer  or  shorter  time.  The  cause  of  an 
acute  attack — in  csise  such  a  cause  is  discovenible  at  all — is  like  those 
which  dot^'miiiie  the  prndrftninl  attacks.  Chief  among  tlieni  are  to  be 
meutioneiJ  states  of  congestion  nf  the  venous  system,  especiallv  those 
due  to  enfeeblement  of  the  heart's  action;  also  mental  emotions,  par- 
ticularly those  of  a  depressing  character;  and,  lastly,  dilatation  of  the 
pupils.  Fur  the  last-named  reason  a  droj)  of  atropine  in  an  eye  which 
ia  predisposed  to  glaucoma  may  excite  an  attack. 

The  atiute  attack  manifests  itself  by  violent  pain  radiating  from  tlio 
eye  along  the  iirst  and  second  bmnches  of  the  trigeminus.  Tlie  j)atient 
complains  of  pains  in  the  lieud,  the  ears,  and  the  teetli,  which  may 
reach  an  intolerable  jiitch.  They  deprive  him  of  appetite  and  sleep; 
not  infrequently  vomiting  and  fever  likewise  set  in.  Simultaneously 
with  the  appearance  of  the  pain  the  visual  power  fnlls  rapidly  away, 
so  that  ouly  large  objects — such  as,  for  instance,  the  hand  moved  lo 
and  fro  before  the  eye — can  be  recognized.  The  field  of  vision  is  con- 
siderably narrowed,  and  mostly  on  the  nasal  side.  Objective  examina- 
tion shows  the  appearances  of  a  violent  external  inflammation — cedema 
of  the  lids,  and  a-derua  or  even  Chemosis  of  the  conjunctiva,  which  is 
greatly  congested.  The  injection,  in  accordance  with  its  pre-eminently 
venous  character,  has  a  dusky-red  color.  The  cornea  is  punctately 
dotted,  has  a  pronounced  smoky  cloudiness,  and  is  almost  or  quite  in- 
sensitive to  touch.  Tlie  anterior  chamber  is  shallower,  the  iris  is  dis- 
colored and  narrowed,  {consequently,  the  pupil  is  dilated  ;  very  often, 
too,  it  is  oviii  and  eccentrically  situated,  tiic  narrowing  of  the  iris 
being  then  particularly  great  in  spe<'ial  spot» — most  frequently  above. 
The  reaction  of  the  iris  is  abolished.    From  the  pupil  we  get  a  grayish- 
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green  reflex*  Ophthalmoscopic  examination  is  impossible,  on  account 
of  the  marked  cloiuIineBs  of  the  cornea.  The  tension  of  the  eye  is  con- 
siderably elevated. 

It  may  l>e  seen  that  the  symptoms  of  the  acute  attack  are  the  same 
as  those  belonjifirig  to  the  prodromal  attack,  exrrpt  that  they  are  much 
more  pronoimoed  aud  are  accompanied  by  iuflummatory  phenometia 
(injection,  oMlema  of  the  lids  and  conjunctiva,  and  pain).  The  pro- 
dromal attacks  may  therefore  l)e  regarded  in  the  light  of  abortive 
attacks  of  glaucoma,  which  rctrocede  licfore  they  have  developed  to 
their  full  height.  But  at  length  an  onset  of  this  sort  takes  place, 
which  rises  to  the  height  of  an  acnte  attack,  after  which  a  perfect  re- 
turn to  the  normal  is  no  longer  possible.  The  tension  now  remains 
permanently  elevateii,  and  the  eye  retains  the  glaucomatous  aspect. 

The  course  of  the  attack  of  inttammatory  glaucoma  is  that  after 
some  days  or  some  weeks — according  to  the  severity  of  the  attack — 
improvement,  or  even  an  apparent  cure,  sets  in.  After  some  dav^a  the 
pain  diminishes  in  violence  and  afterward  disjippears  altogether.  The 
eye  becomes  free  from  discoloration,  the  cornea  clears  up,  and  the  sight 
becomes  better  again.  If  the  sight  was  still  normal  before  the  attack, 
it  may  improve  to  such  an  extent  that  the  patient  can  still  read  and 
write;  but  the  more  the  eight  ha«  been  injured  lx*fore  the  attack  by  a 
prodromal  stage  of  long  duration,  the  snialler  is  its  improvement  after 
tiie  decline  of  the  attack.  We  may  say  in  general  that  after  an  attack 
has  been  sofforcd  from,  the  vision  never  again  reaches  the  same  height 
that  it  had  before  this  occurred.  The  attack,  furthermore,  leaves  behind 
it  objective  changes  in  the  eye,  which,  at  the  first  glance  give  jiroof  of 
the  sort  of  disease  that  is  in  it.  The  oveniistention  of  the  anterior 
ciliary  veins  remains;  the  anterior  chamber  is  sliallower  and  the  iris  is 
narrower,  is  turned  to  a  slate-gray  color,  and  reacts  sluggishly  or  not 
at  all ;  the  tension  is  permanently  increased.  We  then  say  that  the 
eye  exhibits  the  habitus  glaucomatosus.  Oiihtlialmoscopic  examina- 
tion, which  becomes  feasible  again  after  the  cornea  has  cleared  up, 
shows  at  the  optic-nerve  entrance  the  signs  of  hypenemia,  which  really 
is  only  one  of  the  evidences  of  the  general  hyperemia  during  the  in- 
flammatory attack.  The  excavation  of  the  optic  nerve  is  not  present 
directly  after  the  attjick,  because  for  its  formation  quite  a  long  period 
of  increased  tension  is  requisite ;  it  hence  does  not  develop  until  later 
on.  It  is  only  in  those  cases  in  which  there  has  been  a  long  preceding 
stage  of  prodromata  that  the  excavation  is  present  during  the  attack. 
After  the  subsidence  of  the  attack  the  eye  remains  quiescent  for  quite 
a  long  time,  and  the  patient  gives  himself  up  to  the  ho{>e  of  a  perma- 

•  Hence  the  name  "  preen  cntnrncl "  [grOner  Staar),  In  Greek.  9o«-greon  is  called 
jKMiKot.  whciiL'P  giftucoma.  Thi^  nflei.  however,  is  a  oharnot*>ri>ilie  by  no  moans 
rcstrictoil  tn  gluneuma.  It  is  always  found  when  the  pupil  is  iliiiited,  and  at  the 
SAine  time  the  media  are  not  completely  tnmsjiarent. 
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nent  cure.  Then  a  new  attack  sets  in.  This,  as  far  as  inflammatory 
Symptoms  and  puin  are  roiiceriiftl,  is  usually  less  intense  than  the  first, 
but  results  in  a  still  further  redmi-tion  of  the  eight.  Inasmuch  as  new 
attacks  now  constantly  follow  each  other,  at  shorter  or  longer  intervals, 
the  sight  at  length  becomes  entirely  extinct.  The  disease  has  then 
entered  upon  the 

Third  stage,  that  of  f/hincoinu  absolutxtm.  The  eye  is  completely 
blinil,  and  prasonts  the  following  picture:  Contrasting  with  the  por- 
ct4ain-like,  bhiisli-white  sclera  are  the  distended  anterior  ciliary  veins, 
which  unite  round  the  cornea  to  form  a  bluish-red  circle  of  dilated 
vessels.  The  cornea  is  shining  and  transparent,  but  inseusitive;  the 
anterior  chamber  is  very  shallow.  The  iris  is  reduced  to  a  narrow 
gray  marginal  band,  which  in  ])ltices  is  almost  entirely  concealed  by 
the  limbus,  and  which  at  its  piipilhiry  margin  is  encircled  by  a  broad 
black  border.  The  dilateii  imd  rigid  pupil  is  greenish,  or  of  a  dirty 
gray.     The  optic  disk  is  deeply  excavated,  the  eye  ivs  hard  as  stone. 

Later  on,  degenerative  changea  make  thtir  appearance  in  the  blind- 
ed eye,  which  are  designated  under  the  name  of  gin acoma tons  ilegen- 
eration.  The  coruea  becomes  cloudy  and  covered  with  peculiar  glassy- 
looking  deposits.  Upon  the  sclera  dark  ectatic  prominences — most 
frequently  in  the  region  of  the  equator  (equatorial  staphylomata) — jire- 
Bcnt  themselves  to  view;  the  lenn  becomes  cloudy  (cataract«  glaucoma- 
t<J8a).  Alttiough  the  eye  baa  now  been  blind  for  a  long  time,  the  pa- 
tient still  constantly  believes  that  he  perceives  light,  especially  under 
the  form  of  a  luminous  cloud,  whieli  on  some  days  is  more  pronounced, 
on  other  days  less  so.  These  subjective  luminous  appearances  for  a 
long  time  uphold  the  patient  in  the  belief  that  he  M-ill  be  able  to  re- 
gain his  sight.  Furthermore,  attacks  of  pain  keep  making  their  ap- 
pearance at  various  intervals  in  the  bliiuled  eye. 

The  final  outcome  in  glaucoma  is  usually  atrophy  of  the  eyeball. 
After  the  eye  has  been  hard  for  years  it  at  length  becomes  softer, 
amaller,  and  atrophic.  In  other  cases,  abscess  of  the  cfirnca  develojis 
with  perforation  and  consecutive  irido-eyciitis,  or  even  pan(>plit]ialniiti.s, 
together  with  phthisis  hulbi.  Not  till  the  glaucomatous  eye  haa  be- 
come slirivelcd  docs  it  allow  its  unfortunate  possessor  to  have  any  last- 
ing rest. 

The  course  of  glaucoma  with  a  violent  attack  of  inflammalion,  here 
pictured,  corresponds  to  that  form  which  is  designated  a^  (/lanroma  in- 
ßammalofium  acutum.  In  the  severest  cases,  wliich  Von  Graefe  has 
described  under  Llie  name  of  ffJancoma  fulmitunis,  jncurable  blinducss, 
in  conjunction  with  the  most  violent  symptoms  of  iullanimation,  may 
develop  within  a  few  hours.  Of  much  more  frequent  occurrence  than 
these  cases,  which  luckily  are  rare,  are  those  which  run  a  less  acute  and 
typical  course  tiiau  belongs  to  acute  glaucoma.  These  cases  are  desig- 
nated as  glaucoma  iußammaforium  chronicum.     Here  no  pronounced 
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inflammatory  attack  takes  place;  on  tlie  contrary,  the  prodromal  etago 
passes  imperceptibly  into  the  stage  of  inflamnintion,  the  eye  growing 
gnidimlly  red  and  sensitive,  the  cornea  acquiring  a  smoky  cloudinesB, 
the  iris  lieeoming  atrojdiied.  The  pain  is  neither  so  violent  nor  so 
continuous  as  in  acute  glaucoma.  Often  this  sort  of  chronic  course  does 
not  80t  in  until  after  the  first  attack  of  inflammation,  no  complete  retro- 
gression of  the  iriflurnniiitory  symptoms  succeeding  the  hitter.  The 
final  outcome  is  the  same  as  in' acute  inflammutory  glaucnmu;  and, 
anyhow,  no  sharp  line  of  distinction  exists  between  the  two  forms. 

(llaiicoma  almost  always  attacks  both  eyes.  Nevertheless,  they  are 
but  nirely  atTccted  at  the  same  time ;  it  more  frequently  happenB  that 
the  disease  of  the  second  eye  follows  months,  or  even  years,  after  that 
of  the  first.  The  exjierienced  physician,  however,  even  in  those  cases  in 
which  one  eye  is  still  perfectly  healthy,  will  frequently  recognize  in  the 
hitter  a  certain  disposition  toward  ghincomu.  This  manifests  it.<elf  in 
a  shallow  anterior  chamber,  a  somewhat  dilated  and  sluggish  })upil, 
and  a  relatively  high,  even  though  not  yet  pathological,  tension  of  the 
eye.  With  this  there  exist,  usually,  a  hyperna-tropic  state  of  the  re- 
fraction and  dimiiuition  of  the  range  of  iiecommodation. 

Inflammatory  glaucoma  is  a  disease  of  advanced  life;  it  is  found 
most  frequently  between  the  fiftieth  and  seventieth  year.  It  does  not 
o<.'cur  in  childhood  and  youth.  It  attacks  women  more  than  men, 
especially  women  in  whom  the  menopause  occurs  before  the  tiuie.  A 
diufwaition  toward  iuflummatory  glaucoma  np})ear8  to  belong  princi- 
pally to  hypermetropic  eyes,  whereas  strongly  myopic  eyes  are  to  he. 
regarded  as  having  almost  complete  immunity  against  the  disease. 
Furthermore,  rigidity  of  the  vessel  walls  (urterio-sclerosis),  habitual 
constipation,  and  premature  cessation  of  the  menses,  predispose  to 
glaucoma.  Among  Jews,  inflammatory  glaucoma  is  much  more  fre- 
quent than  among  Christians.  Furthermore,  there  are  many  families 
in  which  glaucoma  is  inherited. 

A  chfiractcristic  feature  of  glaucoma  ia  thf  frequent,  often  periodical,  tvrfit- 
tion»  in  tAc  tviirnt-  of  the  disc:isc.  Those  ure  iifforded  by  liie  trausicut  ohscurk- 
tion»  of  vi.'^ion  occurring  in  the  pro<lromal  stage,  by  the  iiiHainniatury  nttttokH 
rrcurring  at  interval«  io  the  infliimmatory  stage;  even  after  I  ho  blindness  is 
complete,  there  is  still  a  constAnt  ftUernatii)n  of  bright  nnd  dark  days,  according 
to  the  patient'»  s\dijectivc  liiniiuous  impressions. 

The  ehtrarter  of  ihf  pupil  hai»  a  very  great  influence  on  the  phenomena  of 
glaucoma.  It«  contrartinti  has  a  favorable  effect,  since  it  generally  dijninixhes 
the  tension  in  glaucoma,  while  dilatation  of  the  pupil,  on  the  contrarj,  in- 
c«'ases  the  tension.  Hence  miotics  have  the  p<jwer  of  cutting  short  the  pro- 
dromal attacks,  and  of  ameliorating  the  symiitoms  even  in  the  inflammatory 
attack.  The  fact  that  the  prodromal  attacks  can  be  cut  short  by  the  patient's 
going  to  sleep  i«  probably  also  referable  to  the  marked  contraction  which  the 
pupil  undergoes  in  sleep.  Mydriatics,  on  the  contrary,  can  excite  an  inflnm- 
niatur>  attack,  in  an  eye  that  is  predisposed  to  it,  and  that  not  only  the  pow- 
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nrful  myclriatics,  like  atrnpinn,  but  also  honmtropine  an«!  even  cocaine.  We 
should  always,  ihcrefüro,  tuke  eure  tlisit  th*?re  is  no  suBpicion  of  the  existence 
of  glaucoum,  liefore  making  an  instilla{i4»n  of  »  niydrintic  in  the  case  of  an 
elderly  man.  If,  however,  we  have  hud  the  misfortuue  to  net  up  in  this  way  an 
attack  of  inttammatory  giaucomß,  it  may  be  posüibie,  by  the  piompt  and  ener- 
getic instillntion  of  uticrine,  to  cause  the  attack  to  di.><a])]M;ar,  and  that  perhaps 
permanently. 

It  is  a  fact  frequently  observed  that  iridectomy,  done  in  a  g!aucomtttou.s 
eye,  may  give  rise  to  an  infianmiatorj*  attack  in  the  second  eye,  if  it  h  already 
predisjrosed  to  glaucoma.  Neverthcles.«,  it  in  not  the  operation  as  such,  but  the 
associated  mental  and  pliysical  dejtreswiou  which,  as  on  other  occjisiona,  maj- 
here,  too,  excite  a  glaucomatous  attack.  The  operation  itself  is  not  ueeded  to 
produce  this  result.  One  day  a  lady  came  to  ine  with  a  recent  inflajumatory 
attack  in  both  eyea.  She  had  a  few  day.s  before  had  her  finst  attack  of  glaucoma 
in  the  right  eye,  and  ha<l  consulted  Prof.  Arit  for  it.  When  he  explained  to 
her  that  an  operation  was  nece.<i.sary,  she  e.xtM;rienced  euch  a  violent  fright  that 
she  got  an  inflammatory  attack  in  the  second  eye  wiiile  returning  from  the  con- 
rtuitation  in  her  carriage.  Probably  there  are  two  factor.^  that  act  together  in 
the  ca-sc  of  vitilent  emutional  disturbances — the  interference  with  the  circula- 
tion and  Ihc  dilatation  of  the  pupil  Ihat  results  from  reflex  action.  In  an  opera- 
tion u|jon  n  glaucomatous  eye,  jiilocarpiue  or  eseriae  may  be  iustilled  into  the 
gecond  eye  to  prevent  the  outbreak  of  glaucoma  in  it  ;  even  this  precautionary 
measure,  however,  does  not  afford  complete  security. 

Id  the  itcute  in^aiiiTiuitori/  (iftitck  the  pain  radiate»  from  the  eye  into  the  whole 
of  one  side  of  the  head,  s^o  that  sometimes  the  patients  are  not  for  a  moment 
aware  that  the  pain  is  proceeding  from  the  eye,  Init  com|)liiin  of  violent  "rheu- 
matic" headache.  If  the  attack  lia,s  been  accomptiniet]  by  mark«'d  swelling  of 
the  lids,  a  history  of  erysipelas  may  be  given.  One  sltnuld  not  allow  himself 
to  be  led  astray  by  such  declarations  as  these,  but  should  form  his  decision  in 
accordance  with  the  results  of  the  objective  examination.  The  principal  thing 
that  this  examination  makes  us  cognizant  of  is  the  dull  and  uniformly  cloudy 
look  of  the  cornea.  Some  have  stipjiosed,  especially  in  former  tinier,  that  this 
cloudiness  was  also  in  part  located  in  the  aqueous  humor  and  in  the  vitreous. 
As  to  the  cloudine.s»  of  the  vitreous,  no  prouf  whateveri»f  it  has  been  presented. 
An  argument  for  the  existence  of  clnuclinesM  in  the  aqueous  is  the  fact  that  not 
infrequently  after  it  has  escaped  (in  the  performance!  of  iridectomy),  the  pu|iil 
looks  blacker  than  before.  The  main  cloudiness,  however,  is  situated  in  the 
cornea.  Another  important  symptom  of  glaucoma  is  tlie  dilatation  and  rigidity 
of  the  pupil,  and  by  this  we  are  guarded  against  any  confusion  with  iritis  or 
irido-cyclitis,  since  in  these  diseases  the  pupil  is  contracted. 

In  the  »tafff  of  gUiHromnUnt«  dtfjrnrnithn  various  changes  are  observed  in 
t\\eooTnea.  («)  Most  frequently  together  wilh  marked  cloudiness  of  the  cor- 
neil  parenchyma  there  are  ffiuiid  bravvny  or  hyaline  deposit«  upon  the  surface 
of  the  cornea,  (b)  Vesicles  develo[»  u]>üu  the  corrtea,  owing  to  the  fact  that  the 
epithelium,  either  by  itself  nr  along  with  the  newly  formed  deposits,  is  lifted 
from  its  bed  by  serous  exudation— keratitis  vei+iculosa  and  bullosa  (page  170). 
{()  Zonular  opacity  of  the  cornea  (page  lül);  and  (d)  ulcers  and  abs<;esses  of 
the  cornea,  frequently  leading  to  perfünition  (page  153),  are  observed.  As  a 
result  of  the  latter,  violent  Ineuiorrhnges  may  take  place  from  the  interior  of  the 
eye,  or  severe  purulent  inAmufuatioa  succeeded  by  shriveling  of  the  eyeball. 
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These  Affection»  of  the  eornca,  »o  various  in  character,  are  rcfcrnblR  in  part 
to  the  ttltinHion  in  nutritiun  prtnluced  by  the  dinturbance  in  the  lymphatic 
circulation,  fKirtly  to  tht?  jwralynis  of  the  corneal  nerves,  manifested  in  the 
cuinplele  insensitiveness  of  the  surface  of  the  cnmea  to  touch.  In  conse- 
quence of  thcäc  changes,  the  cornea  bvcumea  1l>s{>  capul>le  uf  resisting  external 
iMiurios, 

[d  the  course  of  glaucomatouM  degeneration  the  l«n*  always  ViecoDiea  cloudy 
(Cataracta  glaucomatnmi).  From  this  lenticular  cloudiness,  produced  by  the 
glaucomatous  process,  is  to  be  dis^tinguished  that  form  which  occur«  only  as  an 
accident  in  the  glaucotniitou.s  cyt*,  unti  which  in  d<-stjL;njttcd  a.i  Cataracta  in  oculo 
glaucomatoso.  Thus,  «imple  M-nile  cataruct,  traumatic  catanut,  etc.,  raay  be 
present  in  a  glaucomatous  eye.  The  distinction  between  Cataracta  glaucoma- 
tosa  and  Cataracta  in  oculo  glaucomatoso  is  made  by  observing  the  appearance 
of  the  cataract  and  by  testing  the  vision.  Cataracta  glaucomatosa  is  distin- 
guished by  its  marked  distention,  its  bluish-white  color,  and  the  vivid  silky 
luster  of  itJi  surface,  while  cataract«  in  oculo  glaucomatoso  has  the  appearance 
corresponding  to  its  origin  and  its  nature.  lu  the  tirst  form  of  cataract  the  eye, 
as  a  result  of  the  glaucomatous  process,  is  completely  blind,  and  hence  an  opera- 
tion for  cataract  is  useless.  In  the  second  ca^e,  if  the  glaucoma  is  not  too  far 
advan(^,  such  n  degree  of  sight  (perception  uf  light)  may  still  exist  as  prom- 
ises a  good  result  from  the  extraction  of  the  cataract.  The  extraction,  how- 
ever, should  in  no  case  be  performed  immediately ;  on  the  contrary,  the  in- 
crease of  tea«ion  should  first  be  done  away  with  by  an  iridectomy,  and  this  may 
be  succeeded  {o\it  weeks  later  by  the  catanict  operation.  If  we  should  extract 
a  lens,  without  taking  any  such  preliminary  precaution,  in  an  eye  affected  with 
incnuiso  of  tension,  we  would  run  the  risk  of  losing  the  eye  through  severe 
intra-ocular  hiemorrhage  (see  page  144). 

B.  Glaucoma  Simplex. 

84.  Tn  fflftucomft  simplex  the  increase  of  tension  sots  in  very  gradu- 
ally, so  that  no  inflammatory  phenomena  are  produced.  The  eye  either 
looks  quite  normal  externally,  or  it  gives  evidence  of  its  lesion  throiigli 
the  greater  proininonce  of  the  distended  anterior  ciliary  veins,  and  also 
throngh  a  somewhat  dilated  and  sluggish  state  of  the  pupil.  The 
tension  of  the  eye  is  shown  by  palpation  to  be  elevated,  but  not  to 
any  considerable  degree.  Often  on  the  first  examination  no  increase 
of  tension  is  found  at  all ;  it  is  not  until  we  examine  the  eye  repeatedly, 
and  especially  at  different  times  of  the  day,  that  we  succeed!  in  demon- 
strating that  the  tension  is  elevated.  At  these  times  a  slight,  smoky 
cloudine.-^s  of  the  cornea  is  also  sometimes  present,  such  as  appertains 
to  the  prodromal  attacks  of  inflammatory  glaucoma.  Fitially,  there  are 
ciuscs  of  glanconia  simplex  in  which  the  tension  is  never  found  dis- 
tinctly iucroasinl. 

In  consideration  of  the  fact  that  in  glaucoma  simplex  marked  ex- 
ternal symptoms,  and  sometimes,  indeed,  any  manifest  increase  of 
tension  arc  wanting,  we  art?  thrown  back  upon  the  ophthalmoscopic 
exatninatiou  for  the  establishtnent  of  the  diagnosis.     Buch  an  exandiia- 
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tiou  sLows  the  presence  of  n  tntal  oxc-avatioti  of  tlie  optic  nerve,  the 
depth  of  which  c.orrL\s])OUils  to  the  iluriitiou  of  tjie  pnn-essj. 

The  subjective  eyniptoiiis  of  glttucoma  simplex,  since  the  inflamma- 
tory attacks  and  the  pain  are  wanting,  consist  almost  exclusively  of  the 
disturbance  of  vision.  Tliis  niiuiifcsts  itself  by  gradual  dimiuuliou  of 
the  sight,  mid  in  tnany  cases  also  by  tnuisient  slight  attacks  of  obscura- 
tion, like  those  belonging  to  the  prodromal  stage  of  inflammatory  glau- 
coma. The  decrease  in  vision  expresses  itself  in  the  contraction  of  the 
field  of  vision,  jis  well  as  in  the  diminution  of  the  central  visual  acuity. 
The  latter  often  develops  late,  when  the  field  of  vision  lias  already  he- 
come  very  small,  so  that  not  infrequently  the  patients  are  still  in  a 
condition  to  read  or  carry  on  fine  work,  while  they  are  scarcely  able  to 
go  about  any  longer  alone  (see  page  31),  Before  this  point  is  attained, 
generally  a  long  time  (even  many  years)  has  elapsed,  iiuisnmch  as  the 
reduction  of  vision  takes  place  very  slowly  and  gradually.  For  this 
reason  the  jiatient  himself  often  (Idcs  not  become  aware  of  the  existence 
of  his  disease  until  late.  The  blinded  eye  may  cither  reniaiu  always 
sound  externally,  or  those  inflammatory  attacks  which  are  charaeteristic 
of  inflammatory  glaucoma  may  occur — often,  indeed,  before  the  blind- 
ness has  become  coin])lete.  Glaucoma  simplex,  accordingly,  not  in- 
frequently changes  into  inflammatory  glaucoma. 

(ilauconui  simplex  always  attacks  both  eyes.  In  contradistinction 
to  inflammatory  glancoma,  it  sometimes  occurs  in  young  ]ieople,  and 
attacks  men  as  frequently  a^  women.  It  is  also  found  in  myopic  eyes, 
which  have  a  sort  of  immnidty  against  inflammatory  glaucoma. 


HydrophthalmUS, — TTydrophthalmus  is  a  disease  of  childhood.  The 
eye  is  of  unusual  size  (hence  called  buphthalmus,  ox-eye  ;  see  page  220). 
The  sclem  is  bluish,  in  consequence  of  the  uveal  pigment  appearing 
tlu'ough  it;  the  cornea  is  larger  and  more  bulging  than  normal  (kera- 
loglobua),  and  either  clear  and  lustrous  or,  as  in  inflammatory  glau- 
coma, dull  and  dilTuscliy  cloude«!.  The  anterior  chamber  is  unusually 
deep,  the  iris  is  trennilous,  und  llie  papilla,  after  the  process  Inis  last^id 
a  pretty  long  time,  is  deejily  excavated.  The  tension  of  the  eye  ia  con- 
siderably increased. 

The  disease  may  come  to  a  stop  spontaneously,  or  may  continue 
until  it  produces  blindness.  In  tlie  former  case,  the  increase  of  tension 
8ubsi<le3  after  a  time;  the  enlargement  of  the  eyeball  persists,  indeed, 
but  does  not  increase,  and  the  eye  retains  a  nn>derate  degree  of  sight, 
the  amount  of  which  is  mainly  dependent  upon  the  condition  of  the 
optic  nerve.  In  tlie  second  case,  the  errlargemcTit  of  the  eye  keeps  on 
— sometimes  nntil  quite  extraordiuary  dimensions  are  attained — and  in 
the  mean  time  compkto  blindness  ensues. 

The  disease  is  either  congenital  or  develops  in  the  first  years  of  in- 


fancy,  and  generally  in  both  eyes.  Heredity  plays  an  important  part 
in  its  prothu'tiyn.  The  nature  of  the  disoiise  has  not  vft  bc-cn  fully 
<:leareil  up,  but  increase  of  tension  is  certainly  the  most  important  factor 
in  it,  leading,  on  the  one  hand,  to  the  enhirgemenl  of  the  eye,  and,  on 
the  other  hand,  to  hlhidm-wt«  liirough  excavation  of  tlic  optio  nerve. 
For  this  reason  hydrophthalmus  is  known  as  the  glaucoma  of  child« 
hood.  1(3  difference  in  cxteriinl  appearance  from  the  glaucoma  of 
a<l«lts  is  accounted  for  in  the  nisihi  by  the  jihysiological  properties  of 
the  eye  in  childhood.  The  cxt^'nsihility  of  the  Bclem  in  childhood 
renders  it  possible  for  the  heightene«]  pressure  to  result  in  enlargement 
of  the  eye  as  a  whole.  In  the  eye  of  the  adult,  however,  the  rigidity 
of  the  scleni  permits  of  its  exjmnsiou  through  increiise  of  pressure  only 
at  iia  weakest  spot — namely,  at  the  lamina  cribrosa. 

In  hydrophthalmus  the  expansion  of  the  mcmbmncs  of  the  eye  is  duo  tu  the 
fact  that  an  incre4ised  prt'ssure  is  Hctincf  upon  tlu-ir  inner  surface.  Hence  we 
can  cnmjjreliend  tliitt  tbe  leus  drx'8  Dot  Hhiirc  in  this  enlnrjrcnient,  since  it  has  to 
bcur  the  jtreasure  upon  its  cxtt-mnl  «uifucc.  Tlu'  leti.s,  thcrtforc,  is  the  only 
part  of  the  hydruphtlialniic  eypball  that  retains  it«  nnmial  dimensions — in  fact, 
it  not  infrequent ly  falls  behind  tlit-m.  Hence  the  lens  is  tix)  small  in  compari- 
>n  with  the  siirrnundinfj  parts,  and  the  space  Ix'tweun  the  margin  of  the  U-ns 
ind  the  ciliary  proccss<.-.H  keeps  growing  langer  und  larjifer.  Thus  the  zonule  of 
Zinn  undcrjjoc.H  «u  elonpition  which  leads  to  its  partial  atrophy.  Henou  in 
hydrophthalmus  of  pretty  liij^h  degree  we  always  find  defective  ti.xation  of  the 
lens,  manifested  in  tremuloiusne^^Ji  of  the  latter  and  of  the  iriH,  and  not  infrc- 
qutnlty  Lnducinjf  subsequent  changes  of  jjositiun  lluxatiou)  of  the  lens,  with 
their  diäuätrouä  cuuscLjuencföi. 


The  relation  of  glaucoma  simplex  to  glaucoma  inflaninuitorium  has  been  llic 
.«tubject  of  manifold  discu»sion.s.  (>ince  glaucoma  simplex,  on  acrouut  of  the 
abwnce  of  inflammatory  symptom«,  is  entirely  different  externally  from  glau- 
ix^>ma  intlommatorium.  it  was  not  rocogniied  a»  glaucoma  at  nil  until  the  dis- 
covery of  the  o]ihthiilniosco|tc.  Even  Von  Graefe  did  not  originally  jilace  glau- 
coma »implex  under  the  head  of  glaucoma,  but  designated  it  as  amaurosis»  with 
excnvttlion  of  the  optic  nerve.  Jäger  held  to  this  vii;w  until  the  bust,  lookin^j 
upon  glaucoma  simplex  as  an  optic-nerve  lesion  sui  generis — u  "  glnuconmtous  " 
optic-nerve  lesion.  At  the  present  time,  however,  the  majority  of  ophthidujolo- 
gista  place  glaucoma  .simplex  under  the  head  of  glaucoma  proper,  since  it  ha.s 
in  Common  with  it  its  most  essential  symptom,  the  increase  in  tcnaiiin.  The 
interconnection  of  simitle  and  intlammntory  glaucoma  is  also  proved  by  the 
numerous  intermediate  varieties  which  form  a  rontinuons  transition  from  simple 
to  inflaniiuHtory  glaucoma,  so  that  no  sharp  hnc  of  distinction  can  be  dmwn 
between  the  two. 

To  these  transition-forms  belong,  for  example,  the  cases  of  glaucoma  sim- 
plex with  [vrioiliful  obs<Mintfi<m  of  vision,  and  which  are  acrompsmied  by  tran- 
sient cloudiness  of  the  cornea,  and  often  also  by  dull  hnudaeho.  Even  in  pure- 
cases  of  glaucoma  simplex,  a  constant  headache  sometimes  exists,  the  depend- 
ence of  which  upon  the  gUuconiatous  process  is  prt>ved  by  the  fact  that  it  dia- 
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appears  after  iridectomy.  A  gltiucoma  simplex,  later  on  in  its  course,  often 
passes  into  acute  or  chronic  inflammatory  glaucoma,  and  cases  also  not  infre- 
»lucntly  occur  in  which,  after  infiamiuatury  glaucoma  has  develojK-d  in  the  eye 
first  affected,  glaucoma  simplex  ia  present  in  the  one  whicli  is  affected  afterward. 
The  interconnection  of  Ihe  two  forms  of  glaucoma,  shown  from  the  above- 
mentioned  facta,  has  been  doubted  because  in  many  cusea  of  glaucoma  simplex 
no  evident  increase  of  tension  h  demonstrable.  In  these  cases  wc  mu^t  assume 
that  the  lamina  cribrosa  is  particularly  yielding,  so  that  it  is  forced  backward 
by  a  pressure  which  does  not  jH'rcejjtibly  rise  above  the  normal  limits.  Such 
cases,  to  l>e  sure,  arc;  not  always  clearly  dtstinguL<Iiable  from  simple  atrophy  of' 
the  optic  nerve  with  unusuaily  deep  atrophic  excavation.  In  douiitful  cae^ 
the  testing  of  the  coltjrjiercejjliou  may  furnish  a  diagnostic  guide.  In  «trophy 
of  the  optic  nerve,  color-blindticss  makes  its  appearance  early,  while  in  glau- 
coma the  ability  to  distinguish  colors  is  retained  for  a  comparatively  long  lime. 


Theorien  of  Glaucoma. 

85.  All  the  easentiul  symptoms  of  glaucoma  can  be  accounted  for 
as  being  tiK*  rcsnlts  of  tho  inorcsiso  in  pressure.  The  recognition  of 
this  fact  by  Mackenzie,  and  particularly  by  Von  (Jraefe,  was  the  raost 
inifwrtant  step  made  in  establishing  the  theory  of  glaucoma. 

The  elcviiled  intra-ooiilar  pressure  \\m,  as  its  first  resuU,  a  tUsturb- 
unce  of  the  cireulntiou  of  blood  in  the  eye,  the  essential  character  of 
wliich  is  that  of  a  veuou/t  sin«ijf.  The  lieighteneii  tension,  that  is,  brings 
about  a  compression  of  tlio  veins  in  the  interior  of  the  eye,  und  espe- 
eially  in  the  vrii*a  vorticosit,  which,  on  account  of  their  oblique  course 
tin'ougJi  the  sclera,  are  particularly  exposed  to  the  influence  of  the 
nitra-ociilar  pressure.  The  blood  flowing  away  from  the  uvea  is  hence 
compelled,  in  great  part,  to  travel  through  the  anterior  ciliary  veins; 
these  are  consequently  dilated,  und,  in  ofd  eases  of  glaueonui,  form  a 
vascular  circle  of  closely  set  veins  about  the  coniea.  In  glaucoum  sim- 
plex the  symptoms  of  obstructed  circulation  are  confined  to  tliis  dilata- 
tion of  the  anterior  ciliary  veins  and  to  the  oplithalmoscopically  vi.sible 
distention  of  the  retinal  veins.  But  in  itjlhiniuuitnry  glaucoma,  in 
which  the  itierease  in  tension  and  with  it  the  disturbance  of  circula- 
tion set  in  suddenly,  these  cliangcs  induce  the  phenomena  of  inflam- 
matory oedema  in  the  same  way  aa  the  incarceration  of  a  hernia,  for 
example,  results  in  iunamuiatory  reiJenia  of  the  ineiircenited  coils  of 
intestine.  Inflammatory  o'dcma  is  charuclerized  by  hypera»mia  of  the 
tissues  and  marked  swelling,  due  to  their  serous  infiltration,  while — in 
contradistinction  to  pla.stic  inflauinnition — exudates  and  tlie  adhesions 
produced  by  tliem  are  wanting.  Accordingly,  the  symptoms  of  acute 
inflammatory  glaucoma,  .>;o  far  as  they  affect  the  uvea,  for  example,  dif- 
fer greatly  from  the  clinical  jiicture  of  an  iritlo-cyclitis  ;  posterior  syne- 
cliite  are  only  exceptionally  observed  in  it,  and  exudations  of  greater 
ilegree,  sufli  as  hypopyon,  pupiliary  membrane,  etc.,  are  never  observed. 
This  absence  of  exudation,  iu  spite  of  the  violent  external  symptoms  of 
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inflamTnation,  is,  in  fart,  just  the  characU^ristio  feature  of  inflammatory 
uuk'nia.  This  a'deiim  finds  ditFerent  expression  in  tlie  different  por- 
tions of  the  eye : 

1.  The  corvral  chmdinens  of  ghvucomn  is  an  cpdema  of  tlie  cornea, 
as  has  been  proved  by  aufitomieul  investigation.  From  tins  can  be  un- 
derstood the  Buddenneaa  of  development  of  the  corneal  cloudiness,  and 
also  the  promptness  of  its  recession  upon  reduction  of  the  pressure — 
e.  g.,  after  puncture  of  the  cornea,  or  iridectomy.  If  wp  were  dealing 
with  an  inflanim.itory  intiltration  of  the  cornea — i.  e.,  with  a  keratitis 
—it  could  not  possibly  disappear  again  witiiin  a  few  hours. 

2.  Inßfinitfiatortf  {fdcma  of  the  ir in  manifests  itself  mainly  by  dis- 
coloration and  by  the  obliteration  of  the  details  of  its  structure.  The 
anterior  chamber  becomes 
shallower,  bocause  the  lens 
is  pressed  forward,  to- 
gether with  the  iris,  in 
consequence  of  the  ele- 
vation of  pressure  in  the 
vitreous  chamber.    Added 

to  this  there  is  a  displace-  ^^'"    '  V^^^n, 

ment  forward  of   the  at-  .^^^HE^^L     ^^• 

t4U"'.hraent  of  the  iris — that 
is,  the  greatly  swollen  cili- 
ary processes  press  the 
root  of  the  iris  forward, 
BO  that  it  ia  applied  to  the 


Fio.  73, 


-IMS  AUD  ClkUST  BoDT  U«  RtCCKtrr  luTLAKXA- 

TORY  Qlavooha.    Maoxipikd  nM  I. 


most    anterior    portion    of    The  ciliary  prwrss,  c  is  *>  greÄtJy  «woUmi  tlial  it  push»« 

th<'  root  nf  the  irfai  forwartl  luicl  prriu<««<  It  nvalnxt  the 
w-lcra.  .S.  ami  the  conu-A,  C.  Tlii»  >*inii«  uf  ih>-  aiitehur 
elmtnlxT.  which  kHkuM  llj'ainiefttiul  iH-himl  SchU-iiini'B 
canjil,  «,  U  thuH  cIchuhI.    Th>.-  cili»r.v  iiin.s<-)i'  kIiows  the 


praoounoed  dvrelopni>'nt  nf  tin*  circular  niiuu'ulor  lUu-rs 
nW&Uer's  portion),  ctukracUrrlsUu  ot  th«  hyptruietropio 


ejr«. 


the  sclera  and  to  the  mar- 
gin of  thu  cornea  (Fig. 
73).  Consequently,  tho 
iris  ap|M?ars  to  take  its 
origin  further  forward  (Figs.  73  and  74).  The  ciliary  nerves  are  com- 
pressed and  paralyzed  by  the  higii  intra-ocular  pressure;  thus  originate 
the  insensitiveness  of  the  cornea  and  the  paralysis  of  the  iris  (irido- 
plegia),  with  dilatation  and  loss  of  reaction  of  the  pupil.  The  dilata- 
tion afterward  increases  in  oonsequence  of  the  atrophy  of  the  iris, 
which  develops  as  a  result  of  tho  pressure  exerted  upon  the  latter. 

3.  The  redness  and  clouded  appearance  of  the  paj)illa  of  the  optic 
nerre  during  the  inflammatory  attack  are  c^iused  by  liyjicra^mia  com- 
bined with  some  a>dema;  the  excavation  which  subsequently  takes 
place  is  the  direct  result  of  the  elevation  of  pressure. 

4.  Tho  violent  pain  in  inflammatory  glaucoma  is  excited  by  the 
compression  of  the  extremely  numerous  sensory  nerves  of  the  ciliary 
body  ami  the  iria. 

Thus  all  the  objective  symptoms  of  glaucoma  are  accounted  for  by 
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the  one  fact  of  the  increase  in  tension.  The  distiirhance  of  vi$ion^  too, 
is  the  result  of  tlie  heightened  intra-oeular  ]>ressure,  which  eauges  it  in 
dillerent  ways,  nccoriiing  ns  wc  iire  dealing  with  inflammatory  ghiucomii 
or  glaiKioniu  siin{>lex.  In  infiiiminatory  glaucoma  the  disturbance  of 
visiun  is  brought  about  by — 

(n)  The  glancomatous  opacity  of  the  cornea,  which  affects  eliiefly 
central  vision,  and  that,  too,  tu  a  niurkod  degree,  on  account  of  the 
unifnrniity  of  its  difTnsion. 

{(i)  The  ischtvniia  of  the  retina,  dno  to  the  compression  of  the  reti- 
nal arteries,  by  which  is  caused  the  contraction  of  the  tiekl  of  vision. 

This  compression  makes  itself 
felt  first  in  those  sections  of 
the  arterial  channel  in  which 
the  blood-pressuro  ia  lowest. 
But,  since  the  blood-pressure 
in  the  vessels  is  less  the  far- 
ther we  get  away  from  the 
"'       ' J-  heuft,  the  terminal  exjiansions 

""      *'  of   the   arteries   lying  in   the 

)  periphery  of   the   retina  are 

■A-i.<_.i.^<>  first  affected  by  the  conipre«- 

Fio.  tT-Ibib  a«.  Ciuabt  Body  jv  Old  iwrukmiA.   «'on.      Ilence   the   periplxery 

TOHY  OuAiojuA.   MaokifiedOxi.  f^f   tjip    i-eLiiia    first   Itcconies 

The  cliitttKl  III)«"  civ««  tl»-mitliiie<)f  ihe  iriR, /,.  and  Ihp     -  ■.•  j.       i-    i  t  .i  • 

ciiiftryl«.dy..-,,iuOifm.riiuilo(.ii.tltin.u.    The  cxH»t    insensitive     tO     llgllt,    a    Uung 

iwm,  L\  wh<T.-v,-r  it  ims  b.>..i  |.n-s»i-ii a^aii.st  tht-m   which  manifests  itscIf  by  con- 

by  the  elliiiry  IkkIv     The  att«ihineMI  of  the  irh  f ,..-,^4;^.«  ^.f  fl.-j  R.AA   ,,f    vi«!nn 

iH  luTice  (lis|)liio.Ml  fornard  iiinl  li.-s  111  (rout  of  t^'ldlOn  OI  UtQ  HtKl  01    ^  ISlOn. 

St-hlfiinns  tttiial,«     So,  ti»o,  Ih^  wiiusof  tht»  an  Horcdvcr     the    is;cllJPmiil   dnPR 

Ifrior  rhanibir  is  displaoeil  rrom  !« to  II      Wh.-r  -»^^rLUStr,    lllf    l>tiui.  rill.l   tHiPB 

c.vc^r  nil-  hi«  hiLs  i«.c.uuH  adhoreni.  it  hos  ih;c(»    not    become    ainiurent   in  all 

Ihiriueil  lliroii);h  atr<>|>Jiy,  so  that  in  pmi-es— /i,  for  •  ' 

fxamplf-it  conslsij»  ot  »iiircelv   anythiuji   uiort-     luirt.S  of    tlu!  retina   at  Once  or 

thmi  Uli*  iilifnii'tit  layer.    Kvi-n  the  fret- |Mirtioti  of     ; 

lh<>  iris. /.  npiH-arein  conwi^Uf-nce  of  its  atro|.hy     in  fOllüllv  high  dcgreO.     SinC© 

nurrowcr  ttiuii  tlienormnl  iri!<. /,.    Ort-r  Ihi*  (iu|iil-  •  r     t  • 

lary  border,  f,  the  rniinal  layer  of  piKiiu-nt  tiiniH    the  paiilllil  of  the  optiC  Iierve, 

forward  farther  thiiii  usual,  and  the  spliiuel'T  1       •   1      -i    ji  •    1       e 

piipillw,  fi.  nNo  «hare«  to  some  extent  In  this  pro-     unil   With    it    tllC    ])Oint    Of    en- 

<«ei«  of    n'voliiljon.      The  L-iJiury  (»orlv  hoK  ntrnltli     .  t    i.\  i"       1  1 

b.-eiitj»e  remove.«  from  the  his,  and  In  fuit  inori*     tranCß    Of    tlie    retinOl    VPSSelB, 

Ao  (hiin  In  the  normnl  c<)U(lill<>ii,  K»  that  il  is  now 

w>prtratJ'd  frniii  the  fris  hy  a  hrnad  intervnl.    The 


lie  to  the  nasal  side  of  the  pos- 

atrojdiy  afT.ets  bijlh  the  ciliary  muscle,  m,  and     *,,_•„    ,.,,i,.    ,.e    ^\.„    „..„     tVioei. 
the  clUury  proi-ess,  c.  icrior    pOlC    01     IIIG    eye,    incs« 

vessels  have  a  greater  distance 
to  travel  in  going  to  the  temporal  margin  of  the  retina  than  to  the 
nasal  margin.  The  former  is  therefore  first  atTo-ted  by  the  ischajmia, 
so  that  the  limitation  of  the  field  of  vision  begins  generally  at  its  nasal 
margin. 

Both  the  oi>aoity  of  the  cornea  and  the  acute  ischoemia  of  the  retina 
belong  solely  to  inflammatory  glaucoma,  and  it  is  tliey  which  are  the 
principal  cause  of  the  very  great  reduction  of  sight  during  the  acute 
attack  of  glaucoma.  They  are  of  transitory  nature,  disappearing  again 
as  the  elevated  tension  abates,  and  at  the  same  time  with  their  disap- 
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ince  an  improvement  of  the  acuity  of  central  vision  and  an  en- 
largoniput  of  the  fit']cl  of  vision  set  in. 

(c)  In  the  third  j)hicG,  the  acuity  of  vision  is  diniinishud  by  direct 
pressure  upon  the  optic-nerve  fibers  and  their  consequent  atropliy — 
atrophy  which  takes  place  during  the  formation  of  the  glaucomatous 
excavation.  I'hc  disorder  of  vision  thus  produced  is  permanent,  since 
the  »trophy  of  the  optic-nerve  libers  is  irreparable. 

In  ijlnucoma  simpkx  the  two  first-named  factors  arc  wanting.  Tlio 
disorder  of  vision  is  here  caused  solely  by  the  excjivation  and  siriiul- 
taueous  atrophy  of  the  pu[iill;t  uf  the  optic  nerve. 

Explanation  of  the  Increase  of  Tension.— Easy  as  it  ia  to  deduce  the 
Symptoms  of  glaiiconiu  from  the  elevation  of  tension,  it  is  quite  as  dif- 
ficult to  account  for  the  origin  of  the  hitter,  niid  thus  explain  the  true 
nature  of  glaucoma.  Of  the  many  theories  which  have  hitherto  been 
propounded  upon  this  subject,  no  single  one  is  satisfactory  in  every  re- 
spect. Only  the  most  important  of  them  will  be  adduced  here,  atid 
that  mainly  with  the  object  of  showing  upon  what  circumstances  in- 
crease of  ten.sion  in  general  depends. 

The  inLra-ocular  pressure  is  determined  by  the  relation  between  the 
internal  capacity  of  the  envelopes  of  the  eyeball  and  the  quantity  of  its 
contents.  If  the  former  increases  or  the  latter  diminishes,  the  pressure 
is  elevatetl.  An  alteration  of  the  internal  capacity  of  the  envelopes  of 
the  eyeball  can  not  be  brought  in  to  account  for  the  increase  of  press- 
ure, since  the  volume  of  the  envelopes  of  the  eyeball,  as  a  whole,  is 
unalterable.  In  advanced  life,  to  be  sure,  the  sclera  is  not  only  more 
rigid,  but  also  a  little  contracted ;  but  the  diminution  in  volume  so 
causctl  i.s  extremely  slight.  We  must,  therefore,  look  for  the  cause  of 
the  elevation  of  tension  in  an  increase  in  the  amount  of  tlic  contents 
of  the  eyeball,  the  envelnpos  of  the  eyeball  being  at  the  same  time  not 
sufficiently  elastic;  to  adapt  themselves  to  their  increased  contenlä  by  a 
process  of  dilatation.  The  amount  of  matter  contained  in  the  eyeball 
de|K<nds,  on  the  one  hand,  upon  the  (juuntity  of  oeular  lluids  which  are 
constantly  being  secreted  by  the  blood-vessels,  and,  on  the  other  hand, 
upon  the  quantity  of  fluid  which  leaves  the  eye  again  through  the 
lymph -passages;  it  corresponds,  tliat  i8,  to  the  relation  between  inflow 
and  outflow,  between  secretion  and  excretion.  A  disturbance  of  this 
relation  must  exist  for  a  permanent  increase  to  take  place  in  the 
amount  of  matter  contained  in  the  eyeball.  The  inflow  may  bo  in- 
creased without  a  corresponding  increase  of  the  outflow,  or  the  outflow 
may  \vi  dinuni.shed  without  a  corresponding  reduction  in  the  inflow  ; 
and  increased  inflow  and  diminished  outflow  might  also  exist  simulta- 
neously. Most  of  the  older  theories  of  glaucoma  were  based  upon  the 
idea  of  an  increjise  of  the  inflow  : 

(1)  Von  (Jnwife  assumed  the  existence  of  an  increased  excretion  of 
fluid  bv  the  vessels  of  the  chorioid  as  a  result  of  inflammation  of  the 
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latter  Since  the  ophthalmoscopic  symptoms  of  chorioiditis  are  gen- 
enilly  wanting  in  ffhuicnmn,  \'on  Grucfo,  to  get  over  this  difficulty, 
assumed  the  existence  of  what  be  called  a  serous  chorioiditis,  the  na- 
ture of  which  was  supposed  to  consist  in  a  serous  transudation  without 
any  coarser  anatomical  changes. 

{i)  Donders  a.«(Mibcd  the  increased  secretion  on  the  ])art  of  the 
cliorioid  to  the  iiillueuee  of  the  ciliary  nerves.  He  looked  upon  glau- 
coma simplex  tw  the  type  of  glaucoma  because  it  was  not  complicated 
with  iufliiTnmation.  Hence  he  could  not  consistently  look  for  the 
cause  of  the  increased  excretion  of  fluid  in  an  inflummalion  of  the  cho- 
riftid.  Ilather,  he  supposed  it  to  originate  in  an  irritation  of  tlie  chori- 
oidal  nerves,  as  a  sort  of  neurosis  of  secretion,  just  as,  for  example,  in- 
creased secretion  takes  place  in  glands  upon  irritation  of  certain  nerves. 

(3)  Stellwag  referred  the  elevation  of  tension  not  to  increased  ex- 
cretion of  fluid,  but  directly  to  the  increase  of  blood -pressure  in  the 
vessels  of  the  interior  of  the  eye.  The  pressure  ivJiich  the  blood  exerts 
on  the  vessel  walls  is  transmitted  to  the  structures  adjac-ent— that  is, 
to  the  refracting  media  (particularly  the  vitreous),  on  the  one  hand, 
and  to  the  sclera,  on  the  other.  It  thus  forms  an  important  item  of 
the  total  sum  constituting  the  intra-ocular  pressure,  so  that  its  eleva- 
tion has  :i.s  its  direct  result  an  increase  in  the  ocular  tension  as  a  whole. 
The  interior  vessels  tiiat  come  ninler  consideration  in  this  connection 
belong  principally  to  the  uvea,  that  being  the  most  vascular  portion  of 
the  eye.  The  L-levatiou  of  the  blood-pressure  in  the  vessels  of  this  part 
is  therefore,  according  to  Stellwag,  tlie  direct  cause  of  glaucoma.  It 
makes  its  appearance  in  con8ef[uence  of  obstruetions  to  the  circulation, 
which  affect  nniinly  the  region  of  the  vasa  vorticosa,  and  are  brought 
about  by  diminished  elasticity  and  shrinking  of  the  sclera;  for  those 
sectinns  of  the  vasji  vorticosa  whieh  pass  witli  a  very  oblique  course 
through  the  sclera  are  liable  to  compression  whenever  the  latter 
shrinks. 

.Against  these  theories  the  objection  must  be  made,  first  of  all,  that 
an  increase  in  the  inflow  or  an  over-distention  of  the  vessels  can  not 
by  themselves  account  for  the  increase  in  tension,  since,  if  the  condi- 
tions are  otherwise  normal,  an  increase  in  the  contents  of  the  eyeball 
is  immediately  compensated  for  by  the  inercased  outflow.  If  a  few 
drops  of  liquid  are  injected  into  a  healthy  living  eye,  and  the  intra- 
ocular pressure  is  thus  increased,  it  returns  to  the  normal  agaiu  after 
a  short  time,  since  a  correspondingly  greater  amount  of  liquid  flows 
off  through  the  lymph-cluuirTels.  Hence,  to  account  for  the  eleva- 
tion of  tension  we  must,  in  the  first  place,  look  for  some  obstruction 
to  secretion,  by  which  an  increased  amount  of  liquid  is  retained  in  the 
eye.  The  most  importunt  of  the  glaucoma  theories  that  are  based  upon 
the  idea  of  a  diminution  in  the  outtlow  of  liquids  is  that  of — 

(4)  Knies  and  Webor.     According  to  this,  the  ciliary  processes 
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swell  up  in  consequence  of  venous  stasis,  so  that  they  press  with  their 
apices  against  the  posterior  siirfricc  of  the  iris  (Fig,  73),  Tlie  niurginal 
portion  of  the  iris  is  tiuis  displaced  so  far  forward  that  it  boconies  ap- 
plied to  the  most  anterior  portion  of  the  sclera  and  to  the  margin  of 
the  cornea,  and  later  on  becomes  adherent  to  them.  This  change 
manifests  itself  in  the  apparent  advancement  of  the  point  of  attach- 
ment of  tlie  iris.  The  normal  sinus  of  the  anterior  chamber  (Fig. 
74,  //)  no  longer  exists  (obliteration  of  the  sinns) ;  llu*  iris  becomes  ap- 
plied to  the  inner  surface  uf  the  liganieMium  pectimitiim,  and  com- 
presses its  loose  meshwork  into  a  solid  fibrous  tissue.  Thus  the  most 
important  exit  for  the  ocular  fluids — that  which  leads  through  the  liga- 
mentum  jtectinatum  into  Schlemtn's  canal  (sec  page  250) — is  closed, 
and  consequently  an  excess  of  fluid  is  relaine<i  in  the  eye. 

Even  this  theory,  which  at  present  counts  perluips  the  most  ad- 
herents, is  not  free  from  objections.  The  most  important  of  tliese  is 
that  in  many  cases  of  glaucoma  simplex,  and,  very  rarely,  in  cases  of 
inflammatory  glaucoma  also,  the  apposition  of  the  iris  to  the  sclera  and 
cornea  is  not  present  at  all,  but,  on  the  contrary,  the  sinuB  of  the 
chamber  presents  its  normal  relations.  So  far,  therefore,  no  explana- 
tion of  glaucoma  has  yet  been  prui>ounded  which  would  be  satisfactory 
in  every  respect.  The  reason  for  this  is  perhaps  to  be  looked  for  in 
the  etatemetit  that  all  cases  of  primary  glaucoma  probably  do  not  de- 
velop in  the  same  way,  so  that  one  explanation  could  not  po.ssibly  fit  all 
cases.  And,  in  particular,  it  might  be  possible  that  glaucoma  simplex  and 
inflammat<3ry  glaucoma  would  have  to  be  referred  to  ditTerent  cause«. 

AiTATOMT  OF  Olaucoma. — lo  the  eornea  the  cause  of  the  cloudiness  is  fouud 
tn  be  anlcma.  The  most  niiterior  of  the  Imnellip  of  the  corneal  Ntroiiui  are  |>usht'd 
R|iart  by  fluid;  hut  the  fluid  is  psjH'cinlly  ajit  to  lie  found  under  the  fnnn  of 
mintilo  dro|is,  between  Bowman's  uietubnuie  and  the  epithelium,  and  also  Im?- 
tween  the  epit)>elial  celh*  tliemstclves.  These  celts  are  hence  pushed  apart  and 
lifted  up,  so  that  tlie  surface  of  the  cornea  becomes  slightly  uneven  and  dull, 
often  looking  like  shagreen.  When  the  elevation  of  the  epithelium  takes  place 
over  a  pretty  larj»^'  area,  small  vesieles  ore  formed  upon  the  surface  of  the  cornea. 

In  the  »cUrti  an  increase  in  density  lias  Iwen  demtinstraled,  and  also  a  fatty 
degeneration  of  the  fibers,  which  look  a»  if  sprinkled  witii  minute  drops  of  oil. 

The  atjufona  i»  more  aUniminuu.H,  and  cougulai«»  readily  in  the  air  and  in 
hardening  fiuids. 

The  miTst  important  changes  affect  the  mivvi.  In  recent  inflammatory  cases 
it  presents  the  apjx'arances  of  inflammatory  cedema — i.  e.,  infiltration  with  an 
abundant,  readily  congulahle  liquid,  wliilc  white  bloocl-corpusclHs  that  have 
emigratMi  from  the  vessel»  are  present  in  but  scanty  numbers;  but  what  strikes 
one  moat  of  all  is  the  marked  distention  of  the  venous  vessels,  in  consequence 
of  which  extravasations  of  blo4Ml  are  produced  in  many  spots.  The  eitiary  pro- 
cesses in  particular,  which  of  hU  the  struftures  of  the  eye  possess  the  most  veins, 
are  greatly  swollen  throu^^li  the  turjfidity  and  distention  of  the  vessels.  Squeezed 
in  between  the  sclera  and  the  margin  of  the  lens,  the  ciliary  processes  push  for- 
wanl  and  press  the  root  of  the  iris  against  the  sclera  and  the  cornea  ( Wctwr). 
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Bj  a  process  of  simplp  adhesion  (according  to  Knies,  by  adhesive  inflammation), 
the  iHjriplicry  of  the  iris  remains  permanently  connected  with  tlie  sclera 
cornea  (jjeripheral  anterior  synechia),  even  wlien  later  on  the  ciliary  pr 
retract  again  away  from  the  iris  (Fig.  74).  Thin  retraction  takes  place  in  con« 
sequence  of  the  atrophy  which,  after  the  subsidence  of  the  early  inflammatory^ 
symptoms,  sets  in  in  all  partH  of  the  uvea.  In  the  iris,  the  atrophy  findji  ex- 
pression in  it«  becoming  narrower  and  tliinncr.  Uigid  connective  tissue,  from 
which  the  blood-vessels  have  for  the  most  part  disappeared,  takes  the  place  of 
the  delicate  network  of  anastomosing  cells.  In  the  vessels  which  are  still  pres- 
ent the  walls  are  thickened,  and  the  lumen  is  thus  contracted  or  even  entirely 
obliterated  (Ulrich).  The  muscular  bundles  of  the  sjihincter  pujtillie,  too,  be- 
come atrophied.  The  part,  which  is  Ijcst  preserved  i.-«  the  retinal  pigment-layer, 
which,  by  the  great  .shrinking  of  the  anterior  layers  of  tlie  iris,  is  drawn  con- 
tinually farther  and  farther  forward  over  ihe  edge  of  the  p\ipil  (ectropion  of 
the  pigment- layer;  Fig.  74,  e).  Hence,  in  looking  from  in  front  we  find  the 
margin  of  the  pupil  encircled  by  an  uncommonly  broad  black  rim,  which  some- 
times covers  half  the  breadth,  or  even  more,  of  the  surface  of  the  iris.  The 
atrophy  attains  its  greatest  height  at  the  rrx)t  of  the  iris — i.  e.,  at  that  part 
which  is  adherent  to  the  sclera  and  cornea  (Fig.  74,  h).  In  old  cases  nothing 
of  the  iris  is  left  in  this  spot  but  the  retinal  pigment-layer,  and  also  one  or  two 
of  the  larger  vascular  trunks.  These  remains  of  the  iris  are  ititimutely  adhen^nt 
to  the  wall  of  the  eyeball;  the  ligamentum  pectinatum  is  condensed  into  a 
tough,  fibrous  tissue;  and,  finally,  even  Schk-niui's  cjjiiuI  diKuppear«. 

The  ciliary  body  diminishes  in  size  through  atrophy,  so  that  it  draws  away 
«gain  from  its  contact  with  the  iris,  and  aftorwanl  Ixconies  flatter  and  flatter, 
until  at  length  it  scarcely  forms  any  |jr<jjeclion  at  all  (Fig.  74.  c).  The  atrophy 
affects  the  ciliary  muscle  iw  well  us  the  ciliary  jirocesses.  In  the  chorioid  the 
atrophy  finds  expression  in  the  obliteration  of  the  blood-vessels  and  the  rarefac- 
tion of  the  pigtiieut,  so  that  (lie  ehorinid  is  finally  in  some  spots  reduced  to  ii 
thin,  transparent  pdlicie.  This  sort  of  Btro])hy  of  the  chorioid  takes  place 
iT30st  of  all  in  the  neighborhood  of  the  [(«[)! IIa,  and  by  it  there  is  formed  the 
halo  glaucomatosus  vi.sible  with  the  ophthalni()8co|)e  (A,  Fig  71,  A).  The  atro- 
phy also  reaches  a  high  degree  in  the  spots  where  the  vasa  vorticosa  pass  from 
the  chorioi«!  into  the  sclera.  The  chorioid  here  grows  fa.st  to  the  sclera,  which 
becomes  thinned,  and,  together  with  the  chorioid,  protrudes  as  an  equatorial 
staphyloma.  In  the  vtt.sa  vorticosa  thcmst-Ives  is  found  proliferation  of  the  vas- 
cular endullieliuin.  leading  to  lonlnictiou,  or  even  obliteration,  of  the  lumen  of 
the  veins  (Czermak  and   Birnbacher), 

The  lais,  according  to  the  investigations  of  Priestley  8mith,  is  too  large  in 
proportion  to  the  surrounding  part«,  on  the  one  hand,  because  the  volume  of  the 
lens  increases  with  tlie  age  in  any  case,  and,  on  the  other  hand,  because  in  glau- 
coma we  are  dealing  chiefly  with  hy].HTniftropic  eyes,  the  dimensions  of  which 
arc  generally  less  than  the  normal.  In  conscipience  of  this  disproportion,  the 
edge  of  the  lens  pu.shcs  too  close  to  (he  ciliary  processes,  for  which  reason  the 
hitter,  when  swnllpn,  must  give  way  forward,  so  ii.s  to  press  against  the  iris. 

At  the  ifpfir-iterff  e/itniiicc  the  particuhirJy  striking  feature  is  the  displace- 
ment of  the  lamina  cribrosa,  Tliis  is  condensed  by  the  coro]»re.<tsion  of  its  lay- 
ers, and  is  displaced  backward,  so  that  not  infrequently  it  even  gets  to  lie  be- 
hind the  outer  surface  of  the  sclera  (Fig.  71,  /).  The  excavation  of  the  papilla 
thus  produced  contains  upon  its  floor  atrophic  oerve-fibers  and  also  conoective 
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tissue  (Fig.  71,  b).    Large  excavations  grt  to  have  overhaogiog  edges  (become 

ampuUiform),  bccaus«,^  the  short  canal  in  the  sclera,  whirhisdcsigucfl  for  the  optic 
nervf,  ami  which  is  laid  biiri'  by  the  cxriiviition,  is  wider  buhind  tlmii  in  front  (see 
Fig.  0).  In  eüiist.'<|ucnce  of  the  destructiüu  uf  thf  hend  of  the  oplic  nerve,  the 
retina  and  the  trunk  i»f  the  o])tic  ner\'c  al.so  atrophy  ;  the  latter  becomes  thinner, 
IUI  a  wliole,  and  preM.>nt$  an  enlurgeuient  of  its  connectivc-tisaue  trabecule  at 
thc!  pxpenKC  of  its  bundlcn  of  nerve-tibers  (Fig.  71,  «). 

Precipe  as  is  our  infürmation  in  rcgturd  to  the  anatomicnl  r-hangCB  above 
described,  and  many  others,  too,  in  glaucoma,  we  must  be  correspondingly 
cautiüiLs  in  the  interpretation  of  Iheir  »ignißeanee,  if  wc  are  l»ent  ujwn  looking 
for  the  anatomical  cause  of  glaueoma.  Most  of  these  chnnge«,  if  not  all,  are 
simply  the  result  of  tlie  increase  of  pressure — as  is,  without  any  doubt,  the  cose 
with  regard  to  the  atrophy  of  the  tissue  and  thc  excavation  of  the  optic  nerve. 
To  find  those  ch-inge»»  which  ])recede  the  increase  of  tension  and  cause  it,  wc 
should  have  to  exumine  the  eye  in  the  earliest  stages  of  glaucoma — a  thing  the 
opportunity  for  which  ha.s  hitherto  been  but  very  rarely  offered  us.  Indeed, 
most  of  thc  glaucomatous^  eyes  that  have  been  examined  are  those  which  have 
been  enucleated  in  thc  stage  of  glaucoma  absolutum  because  they  were  painful. 

Treatment  of  Primary  Glaucoma. 

(A)  OPXBATIVB  TREATMENT. 

86.  Glancotna  passed  for  an  inenrahle  disease  until  Von  Gracfe  dis- 
covered the  curative  action  of  iridectomy.  Afterward  still  other  metli- 
ods  of  operating  in  glaucoma  wero  devised,  none  of  which,  however, 
have  been  able  to  displace  iridectomy. 

I.  Iridectomy^  the  technique  of  which  will  be  described  in  the  sec- 
tion on  oponitious  (§  150),  must  satisfy  eertuin  eondittans,  if  it  is  to  be 
etlicicnt  in  combating  gluueonia.  The  wound  should  lie  in  the  sclei"», 
not  in  the  cornea;  and  the  excision  of  the  iris  should  be  carried  to  the 
ciliary  margin,  and  be  as  broad  as  possible.  Inclusion  of  the  iris  in  the 
wouiul  after  the  operation  should  be  avoided  by  careful  reposition  of 
the  iris.  If  possible,  the  iridectomy  ia  made  upward,  so  that  the  colo- 
boma  may  be  covered  by  the  upper  lid,  and  not  cause  trouble  through 
the  dazzling  due  to  irregular  refraction,  hut  frequently  it  is  precisely 
in  the  upward  direction  that  the  iris  is  very  atropine,  in  which  case  its 
excision  is  not  only  difficult,  but  also,  as  experience  shows,  is  less  efiB- 
cicnt;  in  that  case  we  are  compelled  to  choose  another  |>hice  for  form- 
ing the  coloboina.  In  glaucoma  simplex  iridectomy  is  easily  performed, 
while  in  inflammatory  glaucoma  it  often  presents  considerable  diffi- 
culties on  account  of  the  cloudiness  of  the  cornea,  the  shallowness  of 
the  anterior  chamber,  the  rottenness  of  thc  iris,  and  also  on  account  of 
the  great  painfulne.ss  of  tJie  parts. 

As  regards  the  tim«  for  pprformiwi  tht^  operntion,  it  ia  best  to  oper- 
ate as  early  as  possible.  In  inflammatory  glaucoma  the  operation 
should  bo  done  in  the  prodronnil  stage,  in  case  the  patient  can  make 
up  his  mind  to  it.  If  he  wait  until  the  inflammatory  attack,  we  can 
23 
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not  t«ll  how  seTerc  it  is  going  to  be,  and,  in  anj  case,  we  operate  then 
nnder  less  favorable  conditions.  Under  all  circumstances  the  operation 
18  demanded  in  the  prodromal  stage  when  the  other  eye  is  already  ren- 
dertfd  blind  by  glaucoma;  in  this  case,  too,  the  patient  will  more  read-' 
ily  comprehend  the  necessity  of  the  operation.  When  an  eye  has 
already  been  rendered  blind  by  glaucoma,  the  restoration  of  sigiic  is 
no  longer  possible  by  an  operation ;  but  yet  one  is  often  performed  to 
relieve  the  painfulness  of  the  eye,  or  to  prevent  the  development  of 
glaucomatous  degeneration. 

In  glaucoma  simplex  it  is  not  a  question  of  interfering  within  a  few 
days  or  weeks,  as  is  oft<*n  the  case  in  inflammatory  glaucoma,  but  even 
here  the  operation  should  not  bo  long  deferred ;  the  earlier  we  operate, 
the  better  results  we  obt^iin. 

The  succesH  of  an  operation  in  respect  to  vision  can  be  estimated 
approximately  beforehand,  if  account  is  taken  of  what  morbid  chan| 
can  and  what  can  not  be  removed  by  the  operation.  Iridectomy  re-" 
duces  the  intm-ocular  pressure  to  the  normal  amount.  By  it  tbc  glan* 
comatous  cloudiness  of  the  cornea  and  the  disturbance  of  vision  pro- 
duced by  it,  as  well  as  the  disturbance  of  vision  caused  by  the  com- 
pression of  the  retinal  vessels,  are  removed.  But  the  excavation  and 
the  atropliy  of  the  optic-nerve  fibers  associated  with  it  either  do  not 
abate  at  all  or  do  so  in  but  very  slight  degree,  so  that  the  disturbance 
of  sight,  BO  far  as  it  is  dependent  upon  them,  pereists.  From  these 
facta  is  deduced  the  action  of  iridt-etomy  in  the  separate  forms  of  glau- 
coma: 

(a)  In  infl(utu>iit(i)rji  r/ltriiroma  tlie  result  of  the  operation  in  recent 
acute  cases  ia  extremely  favorable.  The  pain  accompanying  the  glau- 
comatous attack  ceases  a  few  hours  after  the  o])orat!on,  the  cornea  in 
the  next  few  hours  «»r  days  becomes  clear  and  sensitive  once  more,  and 
the  other  inrtannnalory  symptoms  likewise  sjieedily  disappear.  The 
sight,  which  during  the  attack  was  very  much  reduced  through  the 
cloudiness  of  the  cornea  and  the  compression  of  the  retinal  vessels, 
increases  very  considerably  after  the  disappearance  of  these  factors.  If 
it  was  «till  norniid  before  the  attack,  it  l>e(;ome8  almost  normal  again 
after  the  operation.  Biit  if  u  long  prodromal  stage  with  the  formation 
of  an  excavation  has  preceded  the  attack,  both  the  acuity  of  direct  vision 
and  the  visual  fit-Id  have  already  ceasinl  to  he  rutrmal  some  time  before-j 
the  attack,  and  will  tlu'n  be  more  imperfect  still  after  the  operation.  We*" 
may  accordingly  put  it  down  as  a  rule  in  acute  inflammatory  glaucoma 
that  a  degree  of  sight  is  secured  by  iridectomy,  which  is  somewhat,  but  not 
muchy  KinnUcr  than  it  wai^  before  the  last  injUxiniwttory  attack.  In  a  few 
cases,  to  be  sure,  the  result  of  the  operation  is  not  so  favorable,  since,  in 
spite  of  the  operations  being  correctly  performed,  the  increjtse  of  tension 
keeps  up  or  sets  in  again  anew.  In  these  cases  it  is  generally  possibw 
to  attain  our  end  by  a  second  operation  (iridectomy  or  sclerotomy). 
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Finallv,  there  are  coses  in  which,  in  spite  of  all  attempts  at  of)erative 
interference,  complete  blindness  supervenes.  These  unfavorable  cases, 
however,  are  rare  in  acute  glaucoma  ;  so  that,  as  a  rule,  one  may  count 
upon  a  good  result  for  the  opcnitiiin,  and  one,  too,  which  is  histing. 

In  chronic  infiamnuitory  ghincnma  we  must  estinuite  with  respect 
to  the  prognosis  of  the  operation  how  much  of  the  disturbance  of 
vision  present  is  to  be  charged  to  the  cluiidiness  of  the  media,  and 
how  much  is  duo  to  the  excavation  and  atrojdiy  of  the  jiapilla  of  the 
optic  nerve.  The  former  portion  is  removed  by  the  operation,  the 
latter  not. 

(/;)  In  fflaiiroma  simplex  the  result  of  the  iridectomy  is  less  pro- 
noiiru'cd  and  ulso  less  permant'rit  tlian  in  in llatnniatory  glaucoma.  The 
visual  disturbance  in  the  variety  of  glaucoma  simplex,  in  which  the 
media  are  clear,  is  caused  solely  by  the  changes  in  the  papilla  of  the 
optic  nerve.  Since  the  operation  can  not  remove  these  changes,  it  is 
inipos.^ible  to  restore  by  means  of  it  the  uornud  aeuity  of  vision.  The 
ojMiratioa  can  only  do  away  with  the  increase  in  tension,  and  thus  put 
a  stop  to  the  progress  of  the  process;  it  acconlingly  gives  greater 
promise  of  a  jK-rmanent  good  result  the  more  pronounced  the  increase 
in  tension  is.  The  rule  is  that  the  sight  is  nmintained  in  ntnfu  quo  by 
the  o{)eratiou,  or,  at  most,  is  slightly  improved.  In  nuiny  cases  a  repe- 
tition of  the  operation  is  necessary  in  order  to  obtain  even  this  result, 
or  the  failure  of  .sight  goes  on  unchecked  in  spite  of  tlic  operation. 
This  may  even  take  place  when,  in  c<tnsequence  of  the  iridectomy,  the 
intru-ocular  pressure  has  become  ]ieriurtnently  normal.  We  then  assume 
that  an  atrophy  of  the  optic-nerve  fibers,  when  otiec  initiated,  keeps  on 
progressing  in  sfiitc  of  the  reduction  of  the  intra-ocnlar  preR.'<ure.  Of 
particularly  unfavorable  character  are  those  cases  in  which  the  iridec- 
tomy actually  exerts  a  bad  influence  upon  the  sight,  the  latter  falling 
away  very  rapidly  after  the  o|H'ration,  so  that  blindness  sets  in  earlier 
than  it  would  have  done  without  the  operation.  Sometimes  inflamma- 
tory symptoms  and  pain  make  their  ajipearauce  just  after  the  opera- 
tion, when  they  were  not  present  before.  The  eye  feeln  hard  directly 
after  the  operation,  the  anterior  chamber  fails  to  reform,  and  the  eye 
becomes  blind  rapidly  and  with  symptoms  of  violent  pnin.  These  cases, 
which,  to  be  sure,  arc  rare,  are  known  as  ylaucoina  vuiliynum. 

Tho proffnosi»  of  iridectomy  in  glaucoma,  then,  is  as  follows:  In  in- 
flammatory glaucoma  the  operation  acts  favorably  upon  the  inflammati«>n 
and  upon  the  eyesight,  and  its  good  results  arc  permanent;  it  is  hence 
unconditionally  indicated.  lu  glaucoma  simplex  only  the  maintenance 
of  the  status  quo  is  to  be  counted  upon.  Ina  certain  numl>er  of  cases 
the  operation  is  unsuccessful  or  tictually  does  harm.  Nevertheless,  as 
without  an  operation  the  eye  will  certainly  grow  blind,  iridectomy  is 
indicated  in  glaucoma  simplex  too — at  least  in  those  cjises  in  which  an 
evident  increase  of  tension  is  demonstrable.     We  endejivor  to  perform 
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the  iridectomy  as  early  as  ponible^  for  the  more  adranced  the  diseue 
it,  the  more  uncertnin  ia  the  result  of  the  operation. 

The  rtoAon  tcky  iridectomy  diminiabes  the  tension  has  bo  far  not 
been  diHCOTered,  since,  indeed,  the  cause  of  the  increase  of  tension  it' 
•elf  is  still  anknovrn  to  us.  In  an  eye  the  tension  of  vbicb  is  nonna], 
the  latter  \»  not  dimiuisbed  by  an  iridectomy ;  for  instance,  if  an  iri- 
d(K!tomy  is  made  on  account  of  an  opacity  of  the  cornea,  the  eye  does 
not  therefore  become  permanently  softer.  It  is  only  the  {»thologicalty 
heightened  tension  that  iridectomy  reduces.  Of  the  many  reasons  that 
have  been  given  for  this  action  in  reducing  tension,  one  only  will  be 
here  addur;ed,  because  it  has  given  rise  to  a  new  operative  procedure. 
De  Wecker  was  the  first  to  express  the  opinion  that  in  iridectomy  tlie 
section  in  the  sclera  was  of  greater  importance  than  the  excision  of  the 
iris.  He  considered  the  significance  of  the  scleral  incision  to  lie  in 
the  fact  that  by  means  of  it  a  cicatrix  was  introduced  into  the  sclera, 
which  allowed  fluid  to  filter  through  it,  as  the  normal  sclera  does  nut 
do.  This  filtration  cicatrix,  in  his  opinion,  afforded  a  substitute  for 
the  obliterated  ligamentum  pectinatum.  From  the  view  that  iridec- 
tomy owes  itM  t-niciicy  to  the  section  in  the  sclera,  sclerotomy  has  taken 
it«  origin. 

3.  Sclerotomy  consists  in  making  in  the  sclera  an  incision,  which  is 
placed  as  far  as  possible  in  the  periphery  of  the  anterior  ehanilier,  and 
in  wliich  no  iris  is  excised  {for  the  teciniique,  see  §  155).  There  is  no 
doubt  that  «cJerototny,  too,  which  for  a  time  was  very  much  practiced, 
has  pcrtimncnlJy  cured  many  cases.  For  the  most  part,  howovcr,  the 
euro  has  not  bctm  ilctiiiitive,  so  that  an  iridectomy  has  had  to  be  re- 
i)ort<*d  to  siibsiiquenLly.  At  the  present  time,  thtreforo,  most  operators 
perform  sclerotomy  only  in  those  cases  in  which  iridectomy  can  not  be 
performed  for  technical  reasons,  or  in  which  an  iridectomy  has  been 
already  done  without  success. 

3.  ICuudeaiion  is  indicated  when  an  eye  which  hns  been  rendered 
perfectly  blind  by  glaucoma  is  continually  painfiil,  and  an  iridectomy 
is  either  Inipussihio  oT  {R!rfi>rnmnee  on  tcchiiioul  grounds,  or  has  been 
already  pcrforuitMl  without  success.  In  this  case  enucU'jition  is  done 
simply  with  the  ohjiMU  of  relieving  the  pain,  and  may,  in  suitable  cases, 
be  replaced  by  optico-ciliiiry  uourotoniy  (see  §  H!7). 


(B)    WKUtriXAL  TREATMEXT. 

The  miotics,  eserino  and  pilocarpine,  are  powerful  agents  in  com- 
bltting  iju'rca8<?  in  tension.  They  act  only  when  the  iris  is  capable  of 
oontructiii^  satiHfactorily ;  henri\  in  old  cases  of  plauconia  with  a  com- 
pletely atroj)liin  iris  they  are  useless.  Their  action  is  accounted  for 
upon  the  sutipositidn  that  hy  the  contraction  of  the  pupil  the  iris  is 
stnjtched  in  a  ra<liul  direction,  and  so  is  drawn  away  from  the  wall  of 
the  eyeball  to  which  it  has  been  applied,  so  that  the  sinus  of  the 
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chamber  again  becomes  free.  Unfortunately,  the  effect  of  miotics 
upon  the  ocular  tension  is  not  lasting,  inasmucii  as  it  vanishes  with 
tlie  disappearance  of  tlie  miosis.  The  miotics  can  not,  therefore, 
cure  glaucoma  permanently,  and  thus  diapcnso  with  iri<iectomy ; 
they  are,  however,  valuable  auxiliary  remedies  in  the  treatment  of 
glaucoma. 

In  the  prodromal  stnge  of  ghiiicnma  miotics  are  employed  to  cut 
short  the  prmiriinu»!  attacks.  If  the  pnücnt  instills  a  miotic  at  the 
commencement  of  the  attack,  the  latter  comes  to  an  end  in  abont  half 
an  hour.  Thus  we  can  for  a  long  time  prevent  the  prodromal  attack 
from  rising  into  an  acute  inflammatory  attack.  Nevertheless,  we  should 
not  protract  the  prodromal  stage  in  this  way  until  excavation  of  the 
optic  nerve  with  permanent  impairment  of  sight  seta  in.  As  soon  as 
this  threatens,  we  must  proceed  to  iridectomy. 

During  the  acute  inllammatory  attack  also  miotics  reduce  somewhat 
the  elevated  tension,  and  thus  ameliorate  the  pain  and  contribute  to 
the  disjippearance  of  the  glaucomatous  cloudiness  of  the  cornea.  In 
this  way  it  bccome.s  more  feasible  to  put  off  the  operation  for  a  few 
days,  if  circumstances  require  it.  Moi'covcr,  the  oj)eration  is  rendered 
easier  of  performance,  since  the  iris,  very  narrow  before,  becomes 
broader  through  the  contraction  of  the  ))upil. 

In  glaucoma  simplex  the  action  of  miotics  is  dubious,  and  the  more 
80  the  less  pronounced  the  increase  of  tension  is. 

The  mydriatics  are  as  prejudicial  in  ghiucoma  as  the  miotics  are 
useful.  The  other  raethotls  of  medicinal  treatment  in  glaucoma,  which 
fnnnerlv  were  very  numerous,  are  now  obsolete.  Care  should  be  taken 
to  restrain  the  emotions  and  avoid  constipation. 

Iridectomy  i.h  often  difficult  to  perform  in  inflammatory  glaucoma,  so  that 
the  excision  of  the  iris  docs  not  always  turn  out  to  have  been  done  correctly. 
Luckily  it  is  precisely  in  ttirtiimmutory  glaucoma  that  even  a  less  successfully 
jH.rforaifd  iridectomy  i^  usuiilly  f<tlle>wed  by  the  effect  desired.  Above  nil,  we 
must  avdid  injuring  the  fa[i*;ulc  of  the  lens,  an  event  which  might  easily  hap- 
jM!n  from  the  narrowness  «f  the  iris  and  the  shallowness  of  the  anterior  chamber. 
Such  an  eye  would  be  almost  certainly  lost,  since  the  injured  lens  swells  up, 
and  lluis  gives  rise  anew  to  increase  of  tension. 

Iridectomy  in  inflammatory  plaucoma  is  usually  followed  by  htemorrhage 
into  the  anterior  rhanilxT  and  into  the  retina.  The  sudden  diminution  of  the 
pressure,  the  fact  tliat  we  are  operating  in  a  very  hyi>era.'uuc  eye,  and  the  de- 
generation of  the  vessel  walls  are  all  accountable  for  this.  The  blood  in  tlie 
anterior  chamber  is  sometimes  uncommonly  slow  in  being  absorbed,  l)ec«us<t  the 
normal  channels  of  outflow  are  stopjK-d  up.  The  retinal  hnfmorrhages  cause  no 
special  harm,  except  when  one  of  them  happens  to  involve  the  exact  region  of 
the  yellow  spot. 

On  account  of  the  great  tension  of  the  glaucomatous  eye,  the  edges  of  the 
wound  after  iridectomv  do  not  close  up  as  well  as  in  the  case  of  other  iridecto- 
mies— c.  g.,  those  made  for  optical  purposes.  Hence,  more  frequently  than  ia 
otltcrwisc  the  aise,  we  get,  instead  of  direct  union  of  the  edges  of  the  wound, 
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healing  with  the  interposition  of  an  interstitiul  tissue,  as  a  coasequence  of  which 
ectiisis  of  the  cicatrix  or  cystoid  «icatrizutiwn  im  roiiciily  prtwlucod. 

In  ^liuicoma  simplex  it  somx;titii<;H  hfippt'ti»  that  iriductomy  has  for  its  im- 
mediate result  a  rimrked  reduction  in  the  sifflrt.  Tills  is  to  be  apprehended 
when  the  field  of  visinn  was  so  very  niucli  coutracted  Ijefore  the  ojienitiou  that 
its  limits  at  one  spot  reached  nearly  up  to  the  point  of  fisnlion.  Then  a  slight 
intuasnsception  of  the  confines  of  the  vianal  field  carries  tlicm  beyond  the  point 
of  fixation,  so  that  centnd  vision  is  lost.  Hence  the  rule  is  to  do  iridectomy 
HS  early  us  possible,  while  the  field  of  vision  is  still  large. 

Views  differ  in  regard  to  the  elfioacy  of  iridectomy  in  glaucoma  simplex. 
Von  Qraefe  estimated  lh<;  ntunlier  of  detiniJive  cures  produeed  by  the  opera- 
tion at  rather  more  ihan  half  the  eases;  in  one  quarter  of  the  cases  reluj>sea 
occurred,  which  were  cured  unSy  by  a  second  iridectomy,  while  in  the  rest  of 
the  cases  blindness  gmduidly  set  in  in  spite  of  the  operation.  Only  in  two 
per  cent  of  all  the  crisps  did  the  operation  have  nctiiidly  a  bad  effect.  Since 
then  reports  in  regard  to  the  curative  effects  of  iridectomy  in  glaucoma  simplex 
have  been  published  by  different  authors,  w  by  Ilirschberg,  Sul/.er,  NettleHhip, 
Charles  Stedman  Bull,  (.trucning,  etc,  Most  of  these  statistics  prove,  in  har- 
mony with  the  statements  of  Von  Graefe,  tliat  in  abimt  half  the  cases  the  opera- 
tion ha.s  put  a  stop  to  the  progres.s  of  the  disease.  Dr,  Laska  has  collected  my 
own  observations  upon  this  point,  and  from  them  the  following  results  have 
been  obtained:  Out  of  thirty-nine  cases,  iridectomy  had  a  favonible  result  in 
nineteen — that  i«,  in  about  one  half,  the  siglit  cither  being  kept  st.itionary  or 
actually  improving-,  but  in  twenty  ca.-ies  the  eyesight  failed  in  spite  of  the 
operation,  either  from  the  subsetjuent  reappearance  of  the  elevation  of  ten>;ion, 
or  even  without  this  taking  place.  The  value  of  these  statistics,  small  as  they 
are,  lies  in  the  fact  that  only  cases  that  had  been  under  observation  a  pretty 
hmg  time  were  accepted  in  making  them  up.  Tlie  mean  period  of  observation 
amounted  to  live  years  in  the  nineteen  cases  that  were  cured;  aeveral  of  these 
hud  been  followed  up  for  more  than  ten  year». 

In  hydrophthalmus.  iridectomy  is  associated  with  greater  danger  than  in  the 
glaucoma  of  atlulLs,  and  that  mainly  because  of  the  defective  condition  of  tlie 
zonula.  Uy  rca.son  of  thus,  when,  after  the  escajtc  of  the  extrenu-ly  abundant 
aipieons,  the  lens  is  driven  forward,  niplure  of  the  zonula,  and  hence  escape  of 
vitreous  through  the  wound,  m;iy  take  place.  Another  source  of  danger  con- 
sists in  the  fact  that  we  are  dealing  with  children,  of  whom  «piiet  Iwhavior 
after  the  operation  is  not  to  be  expected.  Nevertheless,  a  series  of  favorable 
result»  have  been  recorded,  the  hydrophthalmus  having  been  arrested  by  the 
iridectomy. 

II.  Secondary  fiLvrcoiiA. 

87,  By  secondary  glaucoma  we  understand  an  increase  of  tension 
wliicli  appeura  in  the  course  of  otlier  diseases  of  the  eye,  aiul  as  a  coti- 
eequuucti  of  them.  Accordingly,  the  increase  of  tension  here  fnrins  the 
complifntion  cf  an  aJivjuly  existing  HfTcctton,  although,  all  the  mine,  it 
entails  the  resalts  peculiar  to  itself,  just  as  in  the  cii*ie  of  jirimnry  glmi- 
cotna.  If  it  is  tissociated  with  infiummatory  symjitoms,  it  produces  in 
the  cornea,  the  iris,  etc,  the  changes  belonging  to  inflamruutory  glau- 
coma,    lu  other  cases  it  manifests  itself  merely  through  the  increase 


in  tension  perceptible  to  the  touch,  and  also  through  the  pressure- 
excavaiion  of  iho  optic  nerve  with  the  disturbunee  of  eight  thut  ia 
CHuet'd  by  it,  namely,  the  contraction  of  the  visual  field  and  the  dimi- 
nution in  centrul  vision.  Moreover,  its  termination  in  blindness  and  in 
degeneration  of  the  eyeball  is  the  sfime  as  in  primary  glaucoma. 

The  clinieai  picture  of  secondary  glaucoma  varies  according  to  the 
disease  which  it  accompanies.  The  affections  of  the  eye  leading  to  in- 
crease of  tension  are  as  follows: 

1.  Ectasia  of  the  ronien  and  the  sclera.  Of  the  former,  it  is  above 
all  those  connected  with  inclusion  of  the  iris — i.e.,  the  staphylomata — 
that  almost  universally  lead  to  secondary  glaucoma.  It  is  only  the  ex- 
cej)tiou  that  ectasia«  without  inclusion  of  the  iris,  such  as  keratectasia 
ex  ulcere  or  keratectasia  after  pannus  or  after  keratitis  parenchymatosa, 
give  rise  to  increase  of  tension.  Of  scleral  staphylomata,  those  which 
occur  after  rupture  of  the  sclera  may  entail  increase  of  tension,  and  so 
also  may  the  ectasiit  that  develop  after  scleritis.  Most  ectasia^  of  the 
sclera,  however,  are  the  result,  not  the  cause,  of  the  increiise  in  tension. 

2.  Fixtnln  of  the  cornea,  if  it  closes  after  existing  a  long  time. 

3.  Jrido-cyclitis  may  increase  the  tension  through  causing  abun- 
dant exudation  into  the  interior  of  the  eye. 

4.  Scdufilo  pupiUiv,  whether  originating  in  adhesion  of  the  entire 
pupillary  margin  to  the  capsule  of  the  lens  or  in  the  inclusion  of  the 
iormer  in  a  cicatrix  of  the  cornea.  Seolusio  jiupilltt  Iea<l8  to  the  accu- 
mulation of  a(piooH8  in  the  posterior  chamber  and  to  consequent  pro- 
trusion of  the  iris,  which  ia  accompanietl  by  increase  of  tension. 

5.  The  lens  becomes  a  cause  of  secondary  glaucoma  in  two  ways — 
by  being  luxated  and  by  being  swollen.  All  forms  of  luxation  are  of 
signiticance  in  this  regard  ;  but  the  most  dangerous  cases  are  those  in 
which  the  lens  is  wedged  into  the  pupil  or  lies  wholly  in  the  anterior 
chamber.  Sudden  swelling  of  the  lens  after  injury  or  operation  may 
likewise  cause  increase  of  tension,  especially  if  we  are  dealing  with 
elderly  people,  whose  sclera  is  rigid. 

6.  Intra-ocular  tumors,  like  sarcomata  and  gliomata,  in  a  certain 
stage  of  their  development  excite  the  symptoms  of  secondary  glaucoma. 

7.  Hieiiuirrhnijeit  into  the  retina  are  the  expression  of  changes  in 
the  vessels  or  disturbances  of  circulation,  which  sometimes  lead  to  eleva- 
tion of  tension.  This  is  most  frequently  the  case  in  old  people  with 
arterio-sclerosis ;  the  elevation  here  usually  makes  its  appearance  under 
the  form  of  inflammatory  glaucoma — glaucoma  hfemorrhagicum. 

8.  Chorioiditis  ami  myopia  of  a  high  degree  often  give  rise  to  an 
increase  of  tension  under  the  form  of  glaucoma  simplex. 

The  treatment  of  secondary  glaucoma  must  above  all  endeavor  to 
remove  the  cjiuao  lying  at  the  foundation  of  the  elevation  of  tension. 
For  instance,  in  seclucio  pupillae  the  communication  between  the  two 
chambers  should  be  restored  by  means  of  an  iridectomv,  a  dislocated  or 
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swollen  lens  should  be  removed,  if  posnible,  and  so  on.  For  the  symp- 
tomatic treatment  of  the  increase  of  tension  itself,  tlie  means  at  our 
command  are  paracentesis  of  the  cornea  and  iridectomy.  The  former 
diminiahes  the  pressure  by  means  of  the  evacuation  of  the  aqueous,  but 
does  so  only  temporarily,  so  that  it  is  suited  sim])ly  to  those  cases  in 
which  the  increase  of  tension  is  foreseen  to  be  of  short  duration — e.  g., 
in  swelling  of  the  lens  and  in  irido-cyclitis.  The  paraeeutesia  may  be 
repeated  several  times,  according  to  the  demands  of  the  case.  A  lasting 
elevation  of  tension  van  be  combiited  only  by  iridectoni}'.  Glaucoma 
hnemorrhagicum  gives  the  moat  unfavorable  prognosis.  Here  we  can 
not  count  with  certainty  upon  the  effect  of  the  iridectomy,  «iuce  some- 
times the  latter  is  immediaLely  sucreedod  by  blindness  coming  on  rap- 
idly and  with  violent  pain.  Eyes  which  contain  a  new  growth,  or  which 
ore  both  blind  and  jminfu),  rctpiire  eiuicleatiou. 


DtMiNtiTiON  OP  TUB  rNTRA-OCULAR  PBBaBCRB  {hypotonia)  IS  fouiiil  in  very 
(Jiverso  affections  of  the  cyebiilK  It  is  always  a  sijjrti  that  thf  fotitfnts  of  the 
eyubftll  liiivu  diminished  in  volume.  Hence  a  higli  degree  of  diiiiiiiution  of  t«n- 
«ioti  is*  obMcrvi'd  wlien,  after  the  [Hirforatiini  of  th*;  eyebiill,  either  the  Jtqueous 
1)!W  Jlowfd  nwiiy  or  thi'  leu.s  or  vitrcQiis  has  escaped.  This  intiy  be  the  result  of  an 
injury  or  of  the  »[MMiUiin'ou»  rupture  of  an  ulcer.  If  the  pcrffiRitioii  hi  liealing 
lo;ive  a  flstuiü,  or  a  cystoid  eicatrix,  through  which  luiueous  continually  escaj>e8, 
the  woftQcsrtof  (he  eye  may  persist  for  ii  long  time  (even  many  yearH).  After  the 
UHU  of  a  bundafje  wliich  his  been  too  tijjhtly  applied,  wc  find  the  eye  softer  for 
a  Bhort  time,  because,  under  the  increstscd  pressurL»  due  to  the  bandage,  on  in- 
cre/uso  in  the  oiitllow  of  fluids  from  the  eye  has  taken  place.  So.  too,  the  eye 
becomes  very  soft  when  the  volume  of  the  vitreous  is  diurmisUed  by  shrinking 
of  exudates — that  is,  in  thor«-  rase»  in  which  utmphy  of  the  eyeball  occurs  after 
iriclo  nyclitis.  Hence  a  projjressively  increawiug  softnes«  of  the  eyeball  in  the 
course  of  ail  irido-cyelitis  is  an  ominous  nymptom.  Sli|u:ht  degrees  of  decrease 
of  tension  accom|>ttuy  many  cases  of  intliMTvnation  of  the  cornea,  both  sup- 
pumtivc  and  mm-suppurative,  and  also  occur  not  infrequently  after  slight  inju- 
ries (erosiouH)  of  the  cornea,  especially  if  these  were  associated  with  a  contusion. 
Of  the  oifections  of  the  deep  part-s,  detachment  of  the  retina  is  particularly  asso- 
ciated with  (liniiniitinn  of  tension.  Finally,  slijjht  deforces  of  the  latter  are 
found  in  piiralysis  (»f  the  synifmthetic,  and  also  after  tlic  instillation  of  cocaine. 

Cases  occur  which  are  known  a.s  ophthidiuomalacia,  or  essential  phthisis,  in 
which  diminution  of  ten.-iion  appears  ^(.Kintaneou-sly,  without  known  cause.  The 
eye  suddenly  Ixcome«  very  soft,  smaller,  and  injected,  and  not  infrequently 
there  are  marked  photophobia  and  neuralgic  pain  associated  witli  the  condition. 
This  state  of  things  may  last  for  hours  or  days,  when  it  gives  place  to  the  nor- 
mal condition.  In  many  instances  such  attacks  recur  at  intervals  (intermitting 
ophthalmomalacia).  The  cau-se  of  this  rare  disease  in  many  coses  has  remuned 
unknown;  in  other  cascs  there  has  been  an  injury  preceding  it.  Tlie  prognosis 
is  g«>od,  as  the  ophthalmomalacia  usually  leaves  no  ill  results  behind. 


CHAPTER  Vin. 
DIÜBASES  OF  TBE  LEA'S. 

Anatomy. 

88.  The  lens  (crystalline  body,  lens  crystaUina)  lies  between  the 
iris  and  vitreous,  and,  together  with  the  zonula,  divides  the  eye  into  Si 
amaller  anterior  and  a  larger  posterior  section — the  cavity  of  the  cham- 
bers and  the  cavity  of  the  vitreous.  It  is  a  transparent  and  colorless 
structure  of  lenticular  shape,  the  anterior  surface  of  which  is  less,  the 
posterior  surface  more  curved  (Fig.  3(J).  In  the  lens  we  distinguish  an 
anterior  and  a  posterior  pole,  and  the  rounded  €<ige,  or  equator,  at 
which  the  antprior  iiimI  jiosterior  surfaces  of  the  lens  como  together. 
The  sagittal  diameter  (thickness  of  the  lens)  amounts  iu  the  adult 
man  to  five  millimetres,  the  equatorial  diameter  to  nine  millimetre«; 
moreover,  a  small  increase  of  volume  of  the  lens  takes  place  iu  the 
later  years  of  life. 

The  lens  lies  within  the  circle  formed  by  the  ciliary  processes,  but 
in  euch  a  way  that  its  equator  is  distant  about  one  half  millimetre  from 
the  apices  of  the  processes.  The  interspace  between  the  ciliary  body 
and  the  equator  of  the  lens  is  called  the  circundeutal  space.  Tlie  pos- 
terior 8urfiu?o  of  the  lens  is  imbedded  in  the  foHjsa  pntellaris  of  the  vit- 
reous. The  lens  is  kept  in  position  by  the  suspensory  ligament  (Hga- 
mentum  Suspensorium  lentis),  or  zonula  of  Zinn. 

If  after  rupturing  the  zonula  we  take  the  lens  out  of  the  eye,  we  find 
it,  in  the  first  place,  inclosed  in  a  transparent  capsule — the  CApsulo  of 
the  lens.  If  after  removing  the  capsule  we  try  to  crush  the  lens  of  an 
adult  between  the  fingers,  the  softer  peripheral  masses  separate,  while 
the  harder  central  portion  remains  uncruislied  between  the  fingers.  The 
former  form  the  cortex,  the  latter  the  nucleus  of  the  lens  (see  Fig.  r»9, 
r  and  k).  These  are  distinguished  not  only  by  their  consistence,  but 
also  by  their  color.  The  cortex  is  colorless,  while  the  nucleus  has  ft„ 
yellowish  or  brownish  hue.  The  nuclear  layers  owe  their  greater  con- 
aistency  and  also  their  coloration  to  a  process  which  is  known  as  scle- 
rosis, and  which  consists  mainly  in  a  loss  of  water.  The  sclerosis  com- 
mences in  the  center  of  the  lens,  and  begins  even  in  childhood,  but 
advances  so  slowly  that  it  is  not  until  the  age  of  twenty-five  that  a  dis- 
tinct, although  still  small,  nucleus  is  present.     Through  the  coTitinu- 
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ons  progress  of  the  sclerosis  from  the  center  to  the  periphery  of  the 
IcQs,  the  nacleus  «teadilv  increases  in  size  as  the  rears  go  on,  and  the 
cortex  diminishes  in  like  proportion,  so  that  at  length,  at  a  very 
aiivanccd  age,  almost  the  entire  lens  is  converted  into  nucleus,  or  is 
sclerosed.  There  are  many  individual  differences  in  thi«  regard,  so 
that  persons  of  the  same  age  have  lenticular  nuclei  of  different  size. 
The  size  of  the  nucleus  is  of  practical  im{^>ortance  in  the  operation  for 
cataract. 

The  sclerosed  portion  of  the  lens  is  hard  and  rigid,  incapable  of 
clianging  its  shape.  Hence,  the  further  advanced  the  sclerosis  of  the 
lens  is,  the  less  able  is  the  latter  to  make  that  alternating  change  in  its 
shape  which  is  requisite  for  the  act  of  accommwlation.  For  this  reason 
the  faculty  of  accommodation  diminishes  with  advancing  age  (pres- 
byopia; see  §  142). 

The  nucleus  reflects  more  light  than  the  non-sclerosed  part  of  the 
lens.  Hence,  the  pupil  in  elderly  people,  whose  lens  has  a  large  nucleus, 
b  no  longer  of  such  a  pure  black  as  in  youth.  It  gives  a  gray  or  gray- 
ish-green reflex,  which  by  the  inexperienced 
is  easily  confounded  with  beginning  cataract. 
Histology  of  the  Lens. — The  lens  consist« 
of  libers  having  the  form  of  long,  prismatic,  six- 
eided  cords.  They  are  closely  applied  to  e»ich 
other,  and  are  held  together  by  a  cement  sulj- 
stnnee.  The  fibers  begin  and  end  upon  the 
anterior  and  ])08terior  surfaces  of  the  lens, 
along  lines  which  radiate  from  the  anterior 
and  posterior  poles  (Fig.  75).  Here  they  form 
a  Y-shaped  figure^the  stellate  figure  of  the 
lens — which  cuu  be  recognized  in  the  living 
eye  in  adults  by  means  of  lateral  illumination. 
The  three  rays  of  the  stellate  figure  branch, 
and  thus  divide  the  lens  into  a  number  of 
sectors  whose  apices  meet  in  the  region  of  the 
anterior  and  posterior  poles  of  the  lens.  In 
pathological  cases — i.  e,,  in  opacity  of  the  lens 
— the  sectors  often  stand  out  very  distinctly.  The  fibers  of  the  nucleus 
are  distinguiahcd  from  those  of  the  cortex  by  their  being  slenderer 
and  having  finely  creuated  edges.  The  transition  from  nucleus  to 
cortex  is  quite  gradual,  no  sharp  line  of  distinction  existing  between 
the  two. 

The  capsule  of  the  lens  (I,  Fig.  76)  is  a  homogeneous  membrane, 
which  is  thicker  upon  the  anterior  than  it  is  upon  t!ie  jiosterior  surface 
of  the  lens.  The  anterior  capsule  of  the  lens  is  further  distinguished 
by  having  a  single  layer  of  cubical  epithelial  cells,  the  epithelium  of 
the  lens  {f.  Fig.  70).     This  plays  an  important  psirt  in  the  growth  of 
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the  lens,  as  the  fibers  of  t!ie  latter  originate  frnm  the  cells  of  the  cap- 
sular epithelium.  If  we  follow  the  epithelium  of  the  uuterior  capsule 
toward  the  equator^  we  see  that  the  epithelial  cells  rise  higher  and 
hijrher,  initil  fitially  they  are  convertwi  into  long  libers,  the  fibers  of  the 
lens  (Fig.  T<i,/).  As  the  cells  lK?came  elongated  their  nuclei  recede 
from  the  capsule  into  the  interior  of  the  lens,  go  tliat  a  zone  is  found 
along  the  ef[U{»tor,  in  which  there  are  numerous  nnnlei  lying  in  the 
lens-substuuce  itself.     This  nuclear  zone,  as  it  is  called  [k.  Fig.  76 ;  cf. 

/ 


Via,  7B.— NccL»4»  /one  or  thk  Ljcks.    (Aftcr  BaBucuui.) 

I,  lens-capsule.    The  epitUvll«!  ivlls.  i>.  by  n  prrtct^is  of  trracluul  eloivration.  grow  out  Into  the 
UnM-fUn-n,  /,  with  the  nuclei,  i:. 

also  Fig.  47,  k),  represents  that  district  of  the  lens  in  which  the  growth 
of  the  latter  takes  place.  This  growth  occurs  by  a  process  of  apposi- 
tion, new  epithelial  cells  constantly  growing  out  into  lens-fibers,  which 
are  placed  outside  of  and  next  to  the  older  lens-tibers.  The  fibers  lying 
in  the  center  of  the  lens  are  thus  the  oldest,  and  the  most  exterior  übers 
are  the  youngest.  The  reason  for  nuclei  not  being  present  outside  of 
the  nuclear  zone  in  the  interior  of  the  lens  is  that  the  nuclei  disappear 
from  the  r>hler  lens-fiiiers.  As  regards  the  manner  of  its  growth,  there- 
fore, the  lens  is  an  epithelial  structure,  like  the  hair,  nails,  and  teeth, 
And,  in  fact,  embryology  sliows  that  the  lens  originates  from  an  in- 
vagination of  the  external  germinal  layer  (see  page  204). 

The  zonule  of  Zinn  con.<!i8ts  of  delicate,  homogeneous  fibei-s,  which 
take  their  origin  from  the  inner  surface  of  the  ciliary  body,  beginning 
at  the  ora  serritta.  The  fibers  at  first  are  in  contact  with  the  surface 
of  the  ciliary  body  {z.  Fig.  47),  but  leave  it  at  the  apices  of  the  ciliary 
processes,  and,  becoming  free,  ptiss  over  to  the  edge  of  the  lens  (free 
l)ortion  of  tlie  zonula;  z^^  Fig.  47).  As  they  do  this,  they  diverge  so 
as  to  go  partly  to  the  equator  of  the  lens  itself,  and  partly  in  front  of 
and  behind  the  equator  to  the  capsule  of  the  lens,  with  wliich  tliey 
become  fu.<ied.  The  space,  triangular  on  cross-section,  included  between 
the  fibers  of  the  zonula  and  the  equator  of  the  lens,  is  called  the  canal 
of  Petit  (i  J,  Fig,  47).  It  is  connected  with  the  posterior  chamber  by 
means  of  slit-like  gaps  between  the  separate  fibers  n(  the  zonula- 

The  optical  function  of  the  lens  consists  in  its  bringing  the  rays 
that  have  been  already  made  convergent  by  the  cornea  still  closer 
together,  so  that  they  unite  upon  the  retina.     For  this  purpose  the 
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refractive  power  of  the  lens  has  to  be  less  or  greater,  according  as  the 
rays  are  jmrallel  or  divergent  when  they  fall  upon  the  eye.  This 
alteration  in  the  refractive  power  (accommodation)  is  produced  by  a 
change  of  shajie  of  the  lens  (see  §  140). 

In  regard  to  the  metabolism  of  the  lens,  see  pages  253  and  255. 


I.  Opacities  of  the  Lens. 

A.  General  Considerations. 

89,  Opacities  of  the  lens,  called  caluraet,*  may  be  situated  in  the 
lens  itself  or  in  the  capsule.  Accordingly,  we  dii^tingnish  lentieular 
and  capsular  cataracts ;  by  the  combination  of  the  two  is  produced  cap- 
sulo-lentieular  cataract. 

The  aiijedive  nymptovis  of  lenticular  opacity  vary  according  to  its 
extent  and  its  intensitj' — partial  opacities  often  requiring  for  their  rec- 
ognition lateral  illumination  or  the  use  of  the  ophthalmoscope,  and,  if  the 
opacities  lie  far  in  the  periphery,  artificial  dilatation  of  the  pu]til  being- 
necessary  in  uildition.  Hy  reflected  light  (with  focal  illumination)  the 
lenticular  opacities  present  themselves  under  the  form  of  gray  or  white 
spots  or  striae.  These  often  exhibit  shapes  which  have  a  connection 
with  the  structure  of  the  lens — e.  g.,  the  shape  of  sectors  or  radii.  By 
lateral  illumination  it  can  be  determined  at  what  depth  the  opacities 
are  situated  in  the  lens.  Opacities  of  the  anterior  capsule  are  distin- 
gnished  by  the  brilliant  white  hue  and  very  superficial  situation  ;  some- 
times they  form  a  distinct  prominenee  upon  the  anterior  surface  of  the 
lens.  When  seen  with  the  ophthalmoscope — that  is,  by  transmitted 
light — the  lenticular  opacities  do  not  appear  white,  but  dark,  like  black 
dots  or  strioe,  which  staud  out  in  contrast  with  ttio  red  hue  of  the  pupil 
(see  page  7).  Commencing,  slight  opacities  of  tlie  lens  can  only  be 
recognized  by  means  of  the  ophthalmoscope.  Far-advanced  opacity  of 
the  lens  can  be  recognized  at  once  with  the  naked  eye  by  the  change 
of  color  of  the  pupil,  which  is  white  or  a  gray  of  varying  degrees  of 
brightness. 

The  subjective  Mtpnpfonusi  of  opacity  of  the  lens  consist  in  a  disturb- 
ance of  vision,  the  degree  of  which  depends  upon  the  situation  and  the 
nature  of  the  opacity.  Patches  of  cloudiness  that  are  small,  sharply 
circumscribed,  and  at  the  same  time  as  opaque  as  possible — as,  for  exam- 
ple, anterior  polar  cataract — cause  little  or  no  impairment  of  the  sight. 
Larger  opacities  disturb  the  sight  to  &  considerable  degree,  and,  more- 
over, torment  the  patient  by  the  production  of  j)eculiar  phenomena, 
such  as  muscii?  volitiintes  and  polyopia,  'i'lic  seeing  of  musrai  voli- 
ianfes  (mouches  volantes)  consist«  in  the  patient's  notieing  black  specks 
in  the  field  of  vision,  which,  however,  if  caused  by  opacities  of  the  lens, 
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change  their  place  only  with  the  movements  of  the  eye,  and  hence  (in 
contrudistiiiution  to  opucitk'S  of  the  vitreous)  ulways  ooeupy  the  same 
spot  it»  tiitj  tiokl  uf  viüiuri.  'riu«y  become  objects  of  cognitiou  by  cust- 
ing  a  shadow  upou  the  retina,  which  is  perceived  by  the  latter.  Mul- 
tiple vision  [jtolj/itpia  inonvcuUv'is)  clauses  the  patient  to  see  the  same 
object  double  and  multiple.  It  eau  sometimes  have  a  very  disturbing 
action,  as  a  case  related  by  Becker  shows.  A  lamplighter  in  tlie  castle 
of  a  prince,  when  he  lighted  the  candelabra  and  chandeliers  in  the 
salons  the  evening  before  a  soiree  saw  thousands  of  lights,  which  con- 
fused and  frightened  liim  to  such  a  degree  that  he  got  the  idea  that  he 
was  dealing  with  a  ghost.  The  reason  for  the  polyo]iia  is  found  in  the 
optical  irregularities  which  develop  in  the  lens  aa  it  grows  opaque 
(irregular  lenlicidar  astigmatism),  so  that  the.  lens  throws  upon  the 
retina  not  one  but  seveml  images  of  the  same  object.  These  i)he- 
nomona  often  bring  the  patient  to  a  physician  at  a  time  when  as  yet 
no  considerable  diminution  of  the  sight  exists. 

The  diminution  in  visual  acuity  depends,  with  regard  to  its  degree, 
upon  various  circumstances.  It  is  gre^iter  when  the  opacity  is  diffuse, 
leas  when  it  is  sharply  circumscribed,  so  that  quite  clear  interspaces  are 
found  between  very  opaque  spots.  The  case  is  the  same  as  with  a 
window-pane,  through  which  nothing  can  be  distinguished  when  it  is 
uniformly  covered  with  watery  vapor;  although,  if  a  wire  screen  is 
placed  in  front  of  the  otherwise  clear  pane,  we  can  still  see  pretty 
well  through  it.  The  interference  with  vision  is  also  greater  when 
the  ripacity  is  situated  in  the  central  portions  of  the  lens  than  when 
it  ocicupies  the  periphery.  In  the  latter  case,  in  fact,  the  sight  may  bo 
|>erfectly  normal ;  this  being  particularly  the  case  as  long  as  the  o])aci- 
tiea  continue  to  lie  completely  behind  the  iris.  The  sort  of  illumina- 
tion with  which  the  best  vision  is  obtained  also  depends  upon  tiie 
situation  of  the  opacities.  With  a  central  opacity  the  sight  is  better 
when  the  pupil  is  dilated,  because  the  still  transparent,  peripheral  jvir- 
tions  of  the  lens  are  then  used  for  seeing.  Persons  thus  affected, 
therefore,  see  better  when  the  illumination  is  reduced,  as  in  the  even- 
ing twilight;  they  have  nyctnlopia.  In  such  a  caae  the  vision  can  also 
be  improved  by  the  artificial  dilatation  of  the  pupil  by  means  of  atro- 
pine. The  reverse  occurs  when  the  opacities  occupy  the  periphery  of 
the  lens.  Then  vision  is  better  when  the  pujiil  is  contracted,  so  that 
the  opacities  are  covered  by  the  iris.  Such  patients  try  to  get  a  bright 
light,  and  see  better  by  day  than  by  night — hetneralopia. 

IjSkter  on,  as  the  opacity  increases,  the  sight  becomes  more  and  more 
re<luced,  the  muse«)  volitantes  and  the  polyopia  disappear,  and  the 
patient  grows  blind.  But,  even  when  he  has  lost  the  ability  to  dis- 
tinguish objects  (qualitative  vision),  ho  has  still  always  left  him  the 
perception  of  light — the  distinction  between  light  and  darkness  or 
quantitative  vision.     The  examination  of  the  perception  of  light  (see 
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[•156)  is  of  great  importance  with  regard  to  the  prognosia  of  a  complete 

"opacity  of  tlit-  lens.    If  the  perception  of  light  is  tlffieient  or  entirely 

wanting,  this  proves  the  existence  of  a  complication  on  the  part  of  the 

retina  or  the  optic  uorve,  in  which  case  an  operation  for  cataract  would 

have  little  or  no  result. 

In  former  timca  when  focal  illuniiaatioD  and  the  opthalmosrope  were  un- 
known, one,  in  making  tliagriosi!*  of  commencing  cataract  was  thrown  Imck 
chiefly  upitn  tiic  Hiilijectivc  syniptüins,  CHpecially  niyotlo.s<)]isia  (the  Hceing  of 
muiäc«?  vohtimtcs),  which  was  therefore  much  mure  exactly  studied  and  followed 
U|i  tlKUi  lit  prewnt.  At  that  time  it  was  i^iiite  possible  for  pupillary  numhranes, 
which  made  the  jnipil  np]>ear  gray  or  white,  tu  lie  regarded  as  opacity  of  the 
lens,  and  tliey  were  therefore  called  cataraet«  Hjniria.  We  »hall  not  fall  into 
this  mistake  if  we  observe  the  connection  which  a  pupillary  membrane  almost 
always  has  with  the  margin  of  the  pupil,  ami  which  i»  paiticidarly  marked 
when  we  call  In  the  aid  of  atr<:ipine.  But,  even  with  all  our  present  auxiliaries, 
it  i.H  often  impossible  to  sjiy  whether  the  letw  hehind  a  dense  pupillary  mem- 
brane is  transparent  or  opiH|ue. 

Myr»pia  often  develops  in  1he  beginning  of  senile  cataract.  In  this  cnae  we 
arc  dealing  with  elderly  people,  who  formerly  wiw  well  at  ti  distance  and  used 
convex  glasses  for  rending;  ami  who  then  t)cgan  to  notice  that  tliey  could  read 
fine  print  again  without  ghisscH,  and  are  perhaps  very  much  pleased  tit  this  m>- 
cuUed  "second  Hight."  That,  as  an  off-set  to  this,  they  do  not  see  as  well  at  a 
distance  as  formerly,  often  escaiws  their  notice.  Exaniinatitm  of  the  eye  with  > 
gla.H.scä  shows  that  it  has  become  myopie,  so  that  the  near  j»oiut  has  got  back 
Again  to  the  reading  distance.  This  njy<)pia  is  aHcribable  to  an  increase  in  the 
dcnMity  of  the  lenn  while  the  cataract  is  lM?giniiing  to  form,  an  increa»c  by  which 
the  refractive  power  of  the  lens  is  heightened. 

An  opacity  of  the  same  character  causes  more  disturbance  of  vision  when  it 
is  situated  at  the  posterior  than  at  the  anterior  pole  of  the  lens;  for  the  nodal 
points  of  the  eye — i.  e.,  those  points  through  which  all  ray»  entering  the  eye 
without  undergoing  refraction  (principal  rays)  must  pas» — lie  close  to  the  pos- 
terior j>oIl'  i>r  the  lens. 

The  /timtnmMil  ehaitgn  forming  the  basis  of  lenticular  opacity  have  been  chief- 
ly studied  in  senile  cataract.  Becker  is  the  one  who  by  his  profound  rewarchcB 
has  done  the  most  to  aiivance  our  knowledge  of  the  development  of  cataract. 

Catarnct  begin-s  by  the  separation  of  the  lens-fjlKTs  from  each  other  at  cer- 
tain «pot»,  80  that  fi.ssure»  are  produced  filled  with  liquid  (Fig.  77,  »).  Theue 
are  formed  first  at  the  boundary  line  Ijetween  the  nucleus  and  the  cortex,  and 
particvdarly  in  the  region  of  the  equator  of  the  nueleus.  It  is  a.'».•^umed  that 
these  dehiscences  are  caused  by  the  slirinking  of  tin"  nucleus,  that  is  associated 
with  sclerosis,  when  this  shrinking  [jroceeds  loo  nipidly  for  the  cortex  to  ada[)t 
itself  to  the  diminished  volume  of  the  nucleus.  The  licinid  contained  in  the 
fliwures  coagulates  into  drops  or  spheroidal  bodies  (aphercs  of  Morgagni;  Jf, 
Fig.  77).  The  lens-fibers  themselves,  which  bound  the  fissures,  are  at  first  still 
normal  and  hence  transparent.  The  fluid  which  collects  between  them  may  «t 
first  be  transparent  too,  and  nevertheless  the  spots  look  cloudy,  because  the  fluid 
in  the  fissures  has  a  ditTerent  n-fracttvity  from  that  of  the  lens-su!istance  itself. 
8o,  too,  a  wJiite  ojiaque  foam  is  produced  wlun  wc  mix  transparent  nir  with 
equally  transparent  water  by  agitation.     Afterward  the  iens-fiber»  theraselTeB 
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become  cloudy.  They  look  at  first  as  if  sprinkled  with  fine  dust,  owing  to  the 
ncciimiilatinn  in  their  interior  of  a  fatty  siiUstrtnce  in  extremely  tniniitc  dro]ts. 
At  the  same  time  that  tiie  lens-filx'rs  jj«'t  rloiidy,  their  cnliljer  beoomeB  uneven, 
l>e<'ause  tiiey  swell  up  in  «[»üts  i^,  Fig.  77).  In  this  wwy  bodies  that  are  Inrge, 
vesiculnr,  and  freijuently  ntu-leated  I  vesicular  cells;  (i,  Fig.  77)  are  i>n)dviccd, 
Fiiinily,  tlie  luns-fibers  break  down  completely,  bo  that  from  tlie  IcQs-titwue  ia 
furuicil  a  pultaceous  ma««  consisting  of  drops  of  fat,  sphere»  of  Morgagni,  rc- 
niiiiii.<t  of  leus-filwrs,  and  au  alLiuDiinous  liqtiid  (Fig.  77,  t).  A«  the  lens-liber» 
break  down,  the  concectioQ  between  them  and  the  ca^jsule,  which  is  a  very  inti- 
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k,  »ntPflnr  carwwl«'  of  ih»'  U-n«  ;  r,  H|iilli>-liiiin,  iK-L-urrinjf  at  r,  in  wvi-ra.l  layprs  b«>oau««»nf  jtrdUf- 
«•mllon  ;  /.  iim-nml  (»"nstll»«»  r«  :  c.  hphtoolnrt'il  vacuoles  iilr<>(i«  of  liciuor  MorjrnK'iili  Jvrwppn 
/  «ml  llie  «-|iitlifliuin.  Tin-  flwur«*  nriifitmliiii;  tlimuKti  tlic  M-|iarittli>n  >»f  Ihe  li-u»-lll»ers  arc 
flll«*<t  with  II  irrnniilnr  iiiaw  (fiKiKiilati'ti  fltiitli.  *.  whK-ii  in  plmv*  foriii»  llie  Hplicn-n  of  Mor 
mgni,  Jkf .  The  If  uH-fltxTs  Itifiuaelrt»  ore  swoUeu  up  ivi,  ur  CntiiaturnjMl  into  ve«ii-ular  eetla 
(6).  or  eotirely  dUinUtrraUKl  U)> 

mate  one  in  the  normal  lens,  i«  loosened,  and  a  li«|uid  (the  VM^uor  Morgngni)  col- 
lects in  open  spaces  between  the  lens  und  i-a]f.-*ule  (at  v  in  Fig.  77,  a|i]iearing 
under  the  form  of  separate  vacuoles,  but  at  r,  Fig.  59,  accumulaterl  in  greater 
amount  and  «eparnting  the  cajwule  from  the  cortex).  By  this  proces«  the  rc- 
nutvnl  of  the  lens  from  the  capsule,  as  ha«  to  l>e  done  In  a  cataract-ojieration, 
Ih  facilitated. 

The  nucleus  of  the  lens  is  transformed  by  the  sclerosis  of  the  lens-fibers  into 
such  a  resistant  mass  that  generally  it  remain«  iinchunged  in  the  midst  of  ttic 
di.«integrating  cortex  (k;  Fig.  59).  Hence  the  nucleus  of  a  cataractoUH  lene  i« 
usually  not  c«!»entiiilly  diflferent  from  the  nucleus  of  n  healthy  len«  of  the  same 
period  of  life  (Becker).  But,  if  there  is  no  hard  nucleus  present  yet,  the  disio- 
tcgrntion  of  the  lens  is  complete  (Tig.  60). 

The  subsequent  changes  in  the  opaqiie  and  disintegrated  lens  consist  in  the 
fin*t  place  in  a  gradual  resorption  of  the  jiulfaceouH  lens-masses.  In  this  way 
lenticular  o|)iicitie8  may  clear  up  again;  not,  to  be  sure,  in  the  pro[>er  sense  of 
the  word,  by  the  opaque  lens-fllx'rs  iK'C^oming  once  more  transparent,  but  by 
the  disap|)eamnce  of  the  opaque  parts.     The  sclerosed  nucleus  resists  resorption 
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■s  U  does  disintegration.  Cholesterin  is  oot  infrequently  excreted  in  the  cor« 
tex  in  tAbular  crj-i^ak,  which  arc  sometime«  large  enough  to  be  visible  to  the 
luked  «ye  as  übioing  points.  Lime  salts  may  1>e  deposited  in  the  pultaceous 
Ien»-ma9se& 

Captular  opatUy  is  not  situated  in  the  capsule  itself,  which  never  becomes 
opaque,  bat  is  deposited  upon  the  cajisule.  Opacities  of  the  anterior  capsule 
are  caused  by  an  opaque  tissue  which  ia  found  on  the  inner  surface  of  the  cap- 
«ale ;  between  it  and  the  lens  (Fig.  78).     This  tissue  takes  its  origin  from  a  pro- 
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Tht  eapaular  calarmct  farms  a  projeotioa  upon  the  ontrriar  surface  of  th^  Iras,  covMvd  br  Um 
canule.  k.  which  is  unchaägvd  and  siinplr  thrown  into  folds^  The  capsular  epitbrnum, 
«,  HHM  iu  reKuIaritjr  at  iIm>  Itonler  of  itae  caiarsLt^  iu  opUh  belog  incTMMwd  In  niuDber  and 
aeiiai«I«i  bj  Uie  catarmot  from  the  capsule,  «o  as  to  form  for  a  diort  ditfacc«  the  posttaior 
bottodarr  or  th^  irataract.  The  cataract  ocuMiats  of  a  nbrous  tiasne,  vUh  cells  Irinc:  in  tbe 
«|>lndlfrstiapwrt  caps  between  the  fibers.  Bucocoiling  tbr  cataract  poateriorijr  is  liquor  Mor- 
grnguL  if.  whica  ■  magwlalM  into  a  nilnmilaiit  mass,  separatiag  the  capaile  Irani  Uta 
tat anMf  nns  laywrs  cf  the  lenticular  cocfex. 

liferadon  of  the  capsular  epithelinm.  The  cells  of  this  latter  increase  in  num- 
ber so  that  a  multiple  lajer  of  them  is  formed  (Fig.  77,  «i>.  From  this  layer 
there  is  formed  by  the  growth  of  the  epithelial  cells  into  elongated  libers  a  sort 
of  fibrous  tissue  which  looks  like  connective  tissue,  but  still  is  not  true  t^nnect- 
vn  tiasae,  since  it  has  originated  fn.>m  epithelium.  By  the  interpoMtion  of 
this  tissue  between  the  capsule  and  the  lens  a  distinct  elevation  is  formed  U])on 
the  anterior  surface  of  the  lens. 

The  opacities  of  the  posterior  ca{>sulc  lie,  as  a  rule,  upon  its  posterior  sur- 
face. 

Inflammation  of  the  lens — phatitü* — does  not  exist.  Inflammatory  ele- 
ments, such  as  roimd  cells,  occurring  in  the  lens,  do  not  originate  in  it,  but 
enter  the  lens  ^om  the  outside  through  an  opening  in  the  capsule. 

B.  Clinical  Fornis  of  Cataract. 

90.  Every  opacity  begins  at  first  at  some  special  spot  in  the  lent 
(partial  cataract).  It  may  remain  permanently  limited  to  this  spot 
(partial  stationary  cataract),  or  it  may  grndually  spread  over  the  whole 
lens  and  lead  to  total  cataract  (progressiTe  cataract). 

(X)   PARTIüL  STATIONARY  CATARACTS, 

1.  Cataracta  Polaris  Anterior. — A  small  white  dot  ia  seen  at  the 
anterior  pole  of  the  lens.  Anatomical  examination  has  proved  that  it 
corresponds  to  an  opaqne  tissue  lying  beneath  the  anterior  capsule  and 
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between  it  and  the  Ions — that  is,  that  we  are  dealing  with  a  capsular 
caluruct  (Fig.  78).  Hence  this  form  of  opacity  is  also  called  anterior 
contrul  capsular  cataract.  If  the  opaque  layer  of  tissne  is  thick  enough 
tt)  form  a  «lirtliuotly  visible  conical  projection,  we  speak  of  pyramidal 
cataract  (/;,  Fig.  39).  Anterior  polar  cataract  may  be  either  congeni- 
tiil  or  acfpiired.  The  former  variety  has  its  cause  in  an  interference 
with  the  development  of  tiie  lens,  the  ]H'ecise  nature  of  which  luifi  not 
been  determined.  Tlie  acquired  form  develops  in  childhowl  cxclusiTely, 
and  then  because  of  perforating  ulcera  of  the  cornea  (most  frequently 
in  consequence  of  blcuuorrhftia  neonatorum).  When  the  ulcer  under- 
goes perforation  and  the  aqueous  escapes,  the  lens  pushes  forwar»!  so 
that  its  umbo  i.s  applied  to  the  posterior  aperture  of  the  perforation. 
Thus,  partly  by  mechanical  means,  partly  through  the  direct  contiguity 
of  the  inllamed  cornea,  an  irritation  is  set  up  in  the  epitlielium  of  the 
anterior  capsule,  so  that  it  proUferutes  and  forms  an  opacjuo  tissue 
beneath  the  capsule.  Afterward  the  ulcer  heals,  tiie  anterior  chamber 
is  reconstituted,  and  we  then  ha^e  a  central  opacity  of  the  cornea  and 
a  central  cajjsular  caUiract 

Anterior  polar  cataracts  of  small  area  may  exist  without  giving  rise 
to  any  essential  disturbance  of  vision,  this  being  caused  more  by  the 
()pacity  of  the  cornea  than  by  that  of  the  capsule.     Treattuent,  none. 

2.  Cntararlu  Pi/luri-s  PtiMerior. — Tliis  consi-sts  of  a  small  white  dot 
at  the  posterior  pole  of  the  lens,  which,  on  account  of  its  deep  location, 
is  generally  to  bo  discovered  only  with  the  ophthalnioscoj»e.  It  l>elongs 
to  the  posterior  capsule,  upon  the  posterior  surface  of  which  it  is  de- 
posited (hence  also  called  posterior  central  ea|)snlar  cataract).  Por- 
leriur  polar  cataract  is  congenital,  and  dates  from  the  time  when  the 
hyaloid  artery  passed  through  the  vitreons  to  the  posterior  pole  of  the 
lens  (sec  page  "ift"!  and  Fig.  5fi).  When  this  di-sappears  incompletely, 
some  of  its  tissue  remains  upon  the  posterior  capsule.  Hence,  we  some- 
times find  jKisterior  polar  cataract  simultaneously  with  persistence  of 
the  hyaloid  artery.  The  interference  with  vision  is  inconsiderable 
when  the  cataract  is  small.     Treatment,  none. 

The  anterior  and  posterior  imlar  cataracts  are  cnjisular,  while  the 
partial  stationary  cataracts  about  to  be  n»entione<l  are  all  lenticular. 

3.  CircumseriheU  Opacities  of  Various  Kiurh  in  the  Lens  itself. — In 
this  category  belongs  eetitnd  cutankct,  a  small  spherical  opacity  directly 
in  the  center  of  the  len.s.  The  Cataracta  fusiformis,  nr  epindle-shaped 
cataract,  consists  of  an  opaque  line  which  runs  in  the  axis  of  the  lens 
from  the  anterior  to  the  posterior  ]Hde,  and  presents  a  spindle-fehaped 
swelling  at  a  jwiut  corresponding  to  the  center  of  the  lens.  In  Cata- 
racta punctata,  extremely  minute  white  dots  are  found,  either  distrib- 
uted uniformly  through  the  whole  lens  or  united  in  a  group  in  the 
anterior  corti(Vivl  layer.  Besides  these  here  mentioned,  numerous  other 
forms  of  circumscribed  stationary  lenticular  opacities  are  known,  all  of 
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which,  however,  occur  so  rarely  that  tliey  do  not  ueed  to  be  minutely 
described  here.  All  these  opacities  are  sharply  circumscribed,  and  arc 
sometimes  of  very  regular  and  graceful  sliape  ;  they  ure  congenital,  und 
are  mostly  found  in  both  eyes.  They  are  often  inherited,  although  the 
same  forma  of  calaract  are  not  always  met  with  in  the  different  mem- 
bers of  the  same  family.  Eyes  affected  with  cataracts  of  this  sort  not 
infrcfjuently  present  other  congenital  malfornmtions  too,  or  arc  found 
In  individuals  whose  whole  development,  mental  or  physical,  is  incom- 
plete. Most  of  these  opacities  in  themselves  cause  little  impairment  of 
the  sight,  which,  however,  is  often  defective  for  other  reasons. 

4.  l'erinHdenr{orZonvhr,  or  Laminar)  Caturart. — This  is  the  most 
frequent  form  of  cataract  in  children.  After  dihiting  the  pupil,  we  see 
a  gray,  discoid  opacity  in  the  lens,  surrounded  by  a  perfectly  trans- 
parent marginal  portion  (Fig.  79).     The  diameter  of  the  opaque  disk  is 
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Fio.  80. 

Via.  71).— Lavri-mr  Cataract  eiekn  bt  Reflkpticd  Lioitt.  Mao.mptkd  8  m  9. 
Th«  irl8.  /.  h»»  retract^J  under  nrropirie.  The  upa^Mlv  fdnninK  tlic  lamellar  'atArAct  te  d««nwr 
at  the;iTmr)rin  tlian  ttl  Hie  celilt^r.  The  riilers  art-  ileiiiotcil  In  tin»  up|M!r  half,  but  are  left  out 
below  i»>  shuw  hurt' th<*  iam^•ll>l^  calariK-t  U)i>kM  wit-lntnl.  ihem.  Bfiw««fii  the  tiinJ-|enD  uf  the 
opacity  and  ihi>  iimritiu  uC  Uie  iiupil,  f ,  U  a  black  lut<M-»{>ace  corrvapoudiu^  tu  Ltuiiraiispar- 
vnt  periphery  of  the  l«ns. 

Fio.  80.— I.ji.itKU.Aa  CATAHArr  in  CnnossEcnox.    Sobkiiatio.    Maonipibti  8»t. 
The  layerw,  »,  plm.'i^il  tiftwi^«!!  niicl^uH  nml  i-orti'x.  or»"  nnoqu«,  but  the  adjacent  layer  hi  «o  only 
lu  the  *.«qijalorlal  rwijlou,  r,  so  tlial  riilcrs  arv  funnecl, 

sometimes  larger,  sometimes  smaller,  an<l  so,  too,  consequently,  is  the 
width  of  the  peripheral,  transparent  jioue  (Fig.  79,  P).  Upon  examina- 
tion with  the  ophtlialnioscope,  the  catanict  appears  as  a  dark  disk,  sur- 
rounded by  the  transparent  and  therefore  red  and  illuminated  periph- 
ery of  the  pu])il.  The  darkness  of  the  di^k  is  greater  near  the  edg«^ 
than  in  the  center,  liy  which  circumstjtnco  a  zonular  cataract  is  dis- 
tinguished from  a  solid  opacity,  which,  as  it  affects  the  nucleus  too, 
would  noces.^sarily  be  densest  in  the  center.  Along  the  outline  of  the 
opacity,  which  usually  is  shmrply  defined,  small  opaque  dentations  are 
not  iiifrequoutly  found,  cidlfil  riders,  projecting  from  the  margin  of 
the  catjirat^t  into  the  transparent  periphery,  like  the  spokes  on  the 
ateering-wheel  of  a  steamship  (in  Fig.  79  represented  only  in  the  upper 
half  of  the  cataract). 
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Lamellar  cataract  is  caused  bj  an  opacity  of  the  layers  lying  between 
the  nucleus  and  cortex  (Fig.  80,  s),  while  these  two  themselveB  are  trans- 
parent (.lilger).  The  riders  ou  the  i>eriphery  of  the  lamellar  cataract 
originate  from  the  fact  that  a  second  layer,  peripherally  situated  with 
regard  to  the  first,  is  beginning  to  become  opaque,  doing  so  first  only  at 
isolated  spots  corresponding  to  the  equator  of  this  first  layer  (r,  Fig.  80), 
These  partial  opacities  embrace  the  equator  of  the  inner  opacity  in  front 
and  behind  ;  they  ride  upon  it,  as  it  were,  whence  the  name  riders. 

Lamellar  cataract  almost  always  affects  both  eyes.  Its  time  of  origin 
falls  within  the  first  years  of  life.  It  is  found,  above  all,  in  those  chil- 
dren who  have  suffered  from  convulsions  (Arlt).  Such  convulsions  are 
mostly  caused  by  rickets,  and  esjK'cially  by  the  rhaohitic  changes  in  the 
skull  (craniotabes).  The  teeth  at  the  same  time  are  irregularly  formed, 
often  being  represented  simply  by  cubical  or  irregular  stump.«?,  which  are 
covered  unevenly  hy  etuimcl  or  in  places  are  entirely  denuded  (rhachitic 
teeth).  I^iiuncllar  cataract,  therefore,  stands  in  etiological  connection 
with  rickets  (Horner).  Inheritance  of  lamellar  cataract  is  of  not  in- 
frequent occurrence. 

Perinuclear  cataract  is  stationary  as  a  rule,  although  there  are  cases 
in  which  it  gradually  develops  into  a  total  opacity  of  the  lens.  This  is 
especially  to  be  expected  if  riders  are  seen  on  the  margin  of  the  opacity, 
since  these  warmnt  ua  in  the  conclusion  that  tlie  opacity  ia  making  its 
way  into  the  ixripheral  layers. 

The  degree  of  interference  with  vision,  due  to  lamellar  cataract, 
does  not  depend  upon  the  diameter  of  the  opacity,  for  lamellar  cata- 
racts of  even  small  diameter  are  always  large  enough  to  occupy  the 
whole  pupillary  area  of  the  lens,  so  that  the  tnm.spareut  peripheml  zone 
ia  always  entirely  concealed  behind  the  iris  when  the  pupil  is  not  dilated. 
Hence,  as  far  as  vision  is  concerned,  the  degree  of  saturation  of  the 
opacity  is  the  only  thing  that  has  to  bo  considered.  As  this  latter 
varies  greatly,  all  gradations  are  found  between  almost  normal  sight 
and  considerable  impairment  of  vision. 

Treatment  is  required  for  lamellar  cataract  only  when  the  interfer- 
ence with  vision  is  considerable.  In  thesH^  cases  there  are  two  ways  to 
choose  from  for  improving  the  sight  by  operative  nieans.  The  trans- 
parent periphery  may  be  exposed  and  rendered  available  for  vision  by 
means  of  an  iridectomy,  or  the  lens  may  be  removed  altogether.  The 
latter  ia  accomplirihed  in  young  people  by  discission  ;  in  older  ones,  in 
whom  a  hard  nucleus  is  alre^ady  present  in  the  lens,  by  extraction. 
Each  of  these  procedures  has  its  definite  indications,  its  advantages,  and 
its  disadvantages. 

Iridectomy  is  proper  only  wheti  the  peripheral,  transparent  zone  of 
the  lens  is  pretty  broad.  It  retains  for  the  patients  the  possibility  of 
seeing  at  a  distance  and  near  by  without  gla.sses,  but  causes  disfigure- 
ment by  depriving  the  pupil  of  its  round  shajie,  and  also  gives  rise  to 
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dazzling.  It  is  only  of  tranaient  benefit  in  those  cases  in  which  the 
larnollitr  cataraet  passes  into  total  opacity  of  the  lens.  On  the  other 
hand,  removal  of  tho  lens  products  a  radicul  cure,  and,  if  done  by 
discission,  leaves  a  round  and  mobile  pupil;  but  it  renders  the  patient 
exceedingly  hypermetropic,  and  deprives  him  of  the  power  of  accom- 
modation, so  (hat  ho  id  compelled  always  to  mako  uise  of  glasaes. 
Hence,  in  the  choice  of  operative  methods,  we  U8iuilly  proceed  as  fol- 
lows: If  signs  of  the  progress  of  the  cataract  are  present  (riders  or  a 
demonstrable  gradual  diminution  in  visual  power),  the  removal  of  the 
cataract  i.s  unconditionally  indicated  If  a  stafimiary  cnudttiun  of  the 
cataract  is  to  be  expected,  we  perform  iridectomy  when  ihe  transpiu'cnt 
periphery  of  the  lens  is  broad  enough  to  make  distinct  vision  possible ; 
otherwise,  we  remove  the  lens.  In  order  to  establish  the  availability  of 
the  periphery  of  the  lens  for  vision,  the  visual  acuity  i.s  deterndncd, 
first  with  the  pupil  contracted,  and  then  after  its  artitictal  dilatation 
by  means  nf  atropine.  If  tho  visual  acuity  is  considerably  increased 
in  the  latter  e:i.sc,  iridectomy  i.s  indicated  ;  otherwise,  removal  of  the 
lens. 

5.  Caluntda  Cnrticalis  Anterior  et  Posterior. — In  this  there  is 
found  in  the  anterior  or  posterior  cortical  layer  of  the  lens  a  stellate  or 
ro8otte-8hn[ied  figure,  the  center  of  which  corresponds  to  the  pole  of 
the  lena,  while  its  rays  are  directed  radially  t<^)ward  the  periphery.  An- 
terior cortical  cataract  is  much  rarer  than  the  posterior  variety ;  some- 
times both  are  found  together.  The  two  forms  of  cataract  occur  gen- 
erally iti  those  eyes  which  suffer  from  alfectitms  of  the  deep  part."*,  like 
chorioiditis,  rotiuitiji  pigmentosa,  fluidity  of  the  vitreous,  etc;  thtj  dis- 
turbance in  the  nutrition  of  the  lens,  thus  produced,  induces  tlie  forma- 
tion of  an  opacity  in  it.  The  interference  with  vision  is  usually  con- 
eidcrahle,  since  it  is  caused  not  only  by  the  opacity  of  the  lens,  but  also 
by  the  involvement  of  the  fundus.  Anterior  and  po.5tcrior  cortical 
cataracts  remain  stationary  for  many  years  and  then  at  length  pass  into 
total  Ofiacity  of  the  lens.  They  accordingly  constitute  a  tran.sition  be- 
tween the  stationary  and  the  progres-sive  forma  of  cataract.  When 
they  have  induced  total  cataract,  they  afford  a  bad  prognosis  for  the 
operation  on  account  of  their  being  complicated  with  a  lesion  of  the 
fundus. 

An  nni'trwr  polar  eatnract  i»  sometimes  joined  by  n  filament  of  connective 
tisKtu'  wttli  a  rrntrHl  ciratrix  of  the  cornPi».  Tlii.'^  tiike.*«  it'*  oripin  from  the  lime 
wliwi  tlie  lens  was  ti]t[>lio(l  to  Hvp  cornea  lifter  ttu'  [MTforntion  of  the  olrer.  The 
lens  !ind  conwji  vnjvv  tlii-n  ylind  toj^f^tluT  by  si  tntiss  of  exudiition,  which  may 
ftftcrwiird  become  ortfonized  iind  ho  drawn  out  into  n  !onj;  fibmicnt  when  the 
ant«rior  chamber  is  reconstituted.  Generally  the  filament  end.s  by  nipturing, 
but  exceptionally  it  may  persist  all  through  life  and  conneet  the  comeiil  cicHtrix 
wilh  the  anterior  pole  of  the  lens.  There  lire  {■a><es  of  anterior  polnr  eHtaract  in 
which  the  corneal  cicatrix  tliat  ie  left  by  the  ulcer  does  not  lie  in  the  pupillary 
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area,  but  in  the  periphery  of  the  cornea.  Ilcncc.  it  followe  that  the  perforation 
must  have  occurred  at  M)me  point  not  directly  in  the  center  of  the  cornea.  In 
fact,  to  produce  the  culftract,  it  is  entaigli  ihiil  tin-  lens  fts  it  pushes  forward 
after  jRirforation  has  taken  place  should  apply  it*elf  by  its  umbo  to  the  posturior 
surface  of  tlie  cornea,  even  thoujjli  the  latter  itself  is  wiund. 

Citmeal  opacities  aciniircd  in  very  early  childhood  often  dear  up  to  uii  ex- 
traordinary degree,  bo  tliat  in  anterior  [lolar  mtaract  it  in  not  always  a  demo 
cicatrix,  but  often  only  a  slight  cloiidinc!«  of  the  cornea,  that  is  found.  If  this 
latter  i^  overlooked,  the  method  of  developtiicut  of  the  cataract  mij^bt  become 
a  mutter  of  doubt. 

Anterior  polar  cataract,  thr<iu>|h  wuhfifipieut  contraction  of  the  newly  formed 
tissue,  sometimes  caancs  a  foldlny  of  the  adjacent  portions  of  the  anterior  ca}>- 
Hule,  visible  upon  cxaniinati<m  with  a  magnifying-jrla.-w.  This  foldinj^  ni:»y 
afterward  lend  to  an  opacity  of  thf  lens  itself  (total  cataract);  in  some  cast!«  I 
have  seen  a  unilateral  lamellar  cataract  develop  in  this  way. 

Perinuclear  cataract  is  found  in  individual»  who,  in  childhood,  have  HufTered 
from  rhachitis  and  from  convulsions  due  to  it.  For  this  n-ason  Horner  has  j>ro- 
mul^ted  the  view  that  the  rhachitic  interference  with  nutrition,  In'siik's  affect- 
ing the  iMjnes,  affects  epithelial  structures  too,  es|M?cially  the  teeth  and  the  lens, 
wtitch  in  its  development  has  much  in  common  with  the  teeth.  U|Kin  this  su|>- 
[Kisition,  those  hiyers  of  the  lens  would  l)ecorae  opaque  that  are  formed  during 
the  period  when  the  nutrition  is  lnüng  disturbed  by  rhachitis;  while  at  a  later 
period,  after  the  disapjK'arance  of  the  rhachitis,  normal  trans|)arent  layers  of  lens- 
substance  are  again  de|W)sited.  If  this  is  correct,  we  are  not  only  able  to  under- 
stand why  lamellar  cataniot  ])resents  a  shell-like  opacity,  but  we  can  also  from 
the  o|«i(ity  draw  a  conclusion  as  to  the  point  of  time  at  which  the  laraellur  cata- 
ract was  formed;  for,  since  at  the  time  of  its  development  the  o|Mque  /.one 
waa  the  most  peri[)heral  layer  of  the  lens,  its  size  woidd  give  us  the  volume 
which  the  hns  had  at  the  time  when  the  lamellar  cataract  was  fonncd.  But 
from  the  size  of  the  lens  wo  can  deduce  the  age  at  which  the  lamellar  entaract 
developed.  Accordingly,  the  smaller  the  ettuatorial  diameter  of  the  o|ki4r|ue 
disk,  the  less  must  we  assume  this  age  to  b<'.  Other  means  for  determining 
with  certainty  the  pf>int  of  time  at  which  the  lamellar  cataract  has  devrlo|M'«l 
we  do  not  us  a  rule  iKvsstese.  An  undoubte«!  case  of  congenital  lamellar  eafji- 
ract  is  known  (Becker),  and  as  undouhtetlly  the  development  of  a  lamellar  cata- 
ract in  a  child  of  nine  has  been  olMwTved  (l>e  Wecker).  In  most  cas«»s,  probably, 
the  formation  of  the  cataract  occurs  within  the  first  years  of  life,  at  the  time  at 
which  convulsions  also  make  their  appearance  in  children;  generally,  though, 
the  cataract  is  not  discovered  until  later.  For  the  persons  affected  with  it  are 
not  blind,  but  are  simply  wefik-sighled;  hence  the  affection  from  which  they 
suffer  does  not  generally  make  its^-lf  apparent  until  the  time  when  greater  de- 
mands are  made  upon  the  eyes — that  is,  in  the  first  years  of  instruction  at  schuol. 

I>eut«chmann.  Beselin,  Ijiwford,  and  Irkihirmer  have  made  anatomical  e.\- 
aminatioDs  of  lamellar  cataract«.  These  showed  that  within  the  opaque  layer 
numerous  small  gaps  filh-d  with  liquid  (vacuoles)  are  present  belwcen  the  lens- 
fibcra.     In  additiun,  larger  fissures  occur  surrounding  the  nucleus  like  a  shell. 

Lamellar  cataract  does  not  always  present  a  uniformly  gray  disk,  but  fre- 
quently exhibits  a  complicated  structure.  Densely  opaque  dots  or  graceful 
figures  are  often  noticed  in  the  anterior  or  posterior  opaque  layers,  or  markedly 
opaque  sectors  arc  contnte-ted  with  the  less  opaque  matter  in  their  vicinity. 
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AgBio,  while  the  ridera  correspond  to  fwrtial  opacities  of  a  neighboring  XKjvr^ 
Ute  latter  maj  also  be  opaque  through  it.s  entire  est«>nt  so  oa  to  surround  thin 
inner  opaque  layer  like  a  rloak,  while  at  the  same  time  separated  from  it  by  a 
thin  tnuuparent  »tratum.     Thus  there  originate  double  or  even  triple  lamellar ' 
eataracta. 

People  suffering  from  lamellar  cataract  are  often  myopic;  for,  on  account  of 
titc  indlMlinctne«««  of  the  retinal  image«,  they  are  compelled  to  bring  objects  closer 
to  the  eye  in  ordrr  to  make  up  in  size  of  the  retinal  image  what  it  lack»  in  cV 
n>e$m.     From  thih  npparcnt  myopia  a  real  one  oaually  derelops  eub&equrntly,  be-' 
naune,  through  the  habit  of  constantly  lucking  at  objec**  near  by,  the  posterior 
wall  of  the  cyebull  tjecomes  iitretched  and  the  axis  of  the  eyeball  elongated. 

Ciitameta  norticuli»  atUerior  and  pott^rior  are  sometimes  observed  after  injury 
of  the  lens,  and  that  both  when  the  lens  capsule  is  o|>ened  and  also  in  simple 
contuxitin  uf  the  lena  without  o]>ening  of  the  capsule.  The  stellate  form  of 
opacity  in  the  cortex  develops  in  the  day«  immcdintely  succeeding  the  injury», 
antl  may  either  rapidly  pas«  over  into  complete  opacity  of  the  lens,  or  may  re-' 
main  ntationary,  or  may  even  dinapp^ar  again.  The  rapid  development  of  these 
oimcitieH,  um  well  us  the  fact  that  they  can  disapftear,  indicate  that  they  do  not 
cimtt'iAt  in  a  clouding  of  the  lens-fibera  themselves.  Probably  what  occurs  is  a 
detention  of  the  preformed  cavities  (lymph-spaces;  Schlösser;  see  p.  235)  in 
ttie  lens  with  Huid,  which  may  di>«ap|>ear  from  them  again. 


(B)   PKOORESSITE  CATAKACTS. 

91.  ProgresBiTe  cataracts  begin  as  partial  opacities,  which  steadily 
extond  until  at  length  they  occupy  the  entire  lens.  This  is  true,  with 
the  qualification  that  the  portions  of  the  lens  already  sclerosed — that  is,  ^ 
the  nucleus — ordinarily  remain  exempt  from  opacity.  Hence,  opacit 
of  the  lens  in  all  its  parts  occurs  only  in  young  persons  whose  lens  aa 
yet  has  no  hard  nucleus ;  in  older  people  the  nucleus  genenUly  remains 
transparent.  The  time  re(]tiJred  for  a  lenticular  opacity  to  involve  all 
the  parts  that  are  capable  of  becoming  opaque  at  all,  varies  very  greatly. 
There  are  cases  in  which  a  transparent  leas  Inicomes  completely  opaque 
within  a  few  hours,  while  other  cataracts  require  many  years  before 
they  can  become  total. 

Wo  distinguish  in  the  course  of  a  progressive  cataract  four  stages, 
which  are  best  marked  in  the  most  frequent  form  of  cataract,  senile 
cataract.  To  this  form,  therefore,  the  following  description  mainly 
applies: 

First  Stage.  Catarnrta  Inn'pienM. — Opacities  occur  in  the  lens,  be- 
tween which  are  found  spots  that  are  still  transparent.  The  shajie  of 
the  opacity  is  most  frequt^ntly  tliat  of  sectors  (so-called  spokes),  the 
of  wliicli  looks  toward  the  margin,  ami  their  apex  toward  tlic  poles 
the  lena. 

Sevond  Stage.  Cutararta  InttaiivurcuH. — In  proportion  as  the  lens 
becomes  more  opaque,  it  contains  more  and  more  water,  and  hence 
«wells  up.  This  increase  in  volume  of  the  lens  is  recognized  by  the 
increasing  shallowness  of  the  anterior  chamber.    As  long  as  the  opacity j 
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has  not  reached  to  tlie  tmterior  capsule,  the  iris  throw»  a  shadow  upon 
the  lens.  To  see  this,  a  light  is  held  near  the  eve  and  to  one  side  of  it. 
Then  a  hlnek  shadow  is  seen  on  the  side  of  the  pupillary  margin  that 
is  turned  toward  the  light  (Fig.  81  A).  This  arises  from  the  fact  that 
the  opaque  layer  of  the  lens  upon  wliich  the  iria  casts  its  shadow  lies 
.some  distaiiee  beliiud  the  iris.  This  opaque  layer  aets  like  a  screen 
which  receives  the  shadow  of  the  iris.  An  observer,  looking  at  the  eye 
from  in  front,  sees  then  that  portion  of  the  sharlow  which  does  not 
lie  behind  the  iris  itself  (a  by  Fig.  81  B).  This  portion  of  the  shadow 
becomes  narrower  the  nearer  the  opacity  approaeh*>s  the  iris,  and  finally 
disappears  id  together  when  the  opacity  reaches  the  anterior  capsule. 


Fia.  8]  A. 


rio.  81  B. 

Pia.  81  A.— Shadow  or  the  In»  mem  raoK  re  Fhont. 

"nn«  cnwcenUc  sluulow  appears  on  the  Hide  of  the  [»jpillary  margin  which  in  tum<<fi  toward  the 

ttource  of  liglii,  t. 

Flo.   81  B.— SHADüW  of  tub  IrI«  upon  TBE   LKNB  in  ScüKUATIC  CnoAB-flECTlnN. 

Tlie  iotirr  laycrK  of  th«  h-n»  an»  »uppoaed  to  be  opaque,  the  pi'dpheral  ones  IrKfiHiituvnt.  The 
«oiint- "f  Uicht,  /,,  throws  uptiii  the  mirfaoe  of  the  Djiiurit)-  a  phadow  from  the  iris,  who«« 
central  tM>rtli>r  in  nl  f>.  An  otKUH-vpr.  I(x>l(lnfc  frutn  a  point  ütraJKhl  tu  fmiil  of  ( he  eye.  sees  a 
[Mii-iioti  of  thill  ciluuiow.  uf  the  wUltb  ii  b.  ruuaittg  at  tht<  uide  uf  tlie  pupillary  liiarglu  of 
tl>f  iriit. 


The  distended  k-ns  has  a  bluish-white  color  and  a  marked  silky  luster 
of  the  surface,  aiui  shows  very  clearly  the  stellate  tuaikings  of  the  lens. 

During  the  stage  of  iatumesceuce  the  opacity  of  the  lens  becomes 
total.  As  soon  as  this  has  taken  place  the  lens  begins  gradually  to  lose 
water,  so  that  it  returns  once  more  to  its  furnier  normal  volume.  The 
lens  then  enters  n}uni  the — 

Third  Stage  (S/uf/e  of  Mittiiriif/),  Ctitarncia  Matura. — The  ante- 
rior chamber  is  once  more  of  normal  depth,  and  the  iris  no  longer  casta 
a  shadow — a  proi;f  that  the  opacity  of  Ihe  lens  lias  heconie  total.  The 
lens  has  lost  its  bluish- white,  iridescent  look,  and  has  a  dull -gray  or 
brownish  color ;  the  radial  markings  of  the  stellate  figure  of  the  lens 
ah-'  still  for  the  most  part  recognizable.  .\  nialui'e  cataract  has  the 
|ii*operty  of  separating  reailily  fi'iuti  its  connection  with  the  capsule. 
This  is  caused  partly  by  the  fact  that  the  disintegration  of  the  lens- 
tibers  has  proceeded  straight  up  to  the  capsule,  partly  by  the  fact  that 
tlie  lens,  formerly  enlargwl,  \\fis  diminished  again  in  volume,  and  thus 
the  connection  between  the  sui-fac^  of    the  lens  and   the  capsule  is 
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loosuiiod.  The  lens  then  lieg  in  its  capsule  like  a  ripe  fruit  in  its  rind 
(Arlt);  and  thus  it  has  become  ripe  for  operation,  since  it  is  of  great 
importance  that  the  cataract  should  be  capahle  of  removal  from  ita 
capsule  without  any  portions  of  tho  lens  remaining  behiud.  These 
would  form  a  new  opacity  in  the  pupil — a  secondary  cataract — and 
thus  render  the  result  of  the  oj)eration  doubtful. 

Fourth  Staije.  Cittarar/n  Hypn'malura. — The  further  metamor- 
phosis of  a  riiatnre  cataract  consists  in  the  complete  disintegration 
of  the  opaque  lenticular  ujtiss.  This  becomes  converted  into  a  pul- 
tatjeons  substance,  which  no  loup^cr  shows  any  trace  of  the  original 
structure  of  the  lens,  its  formation  out  of  sectors,  etc.  Hence,  in  a 
[lypcnuature  cataract  we  cither  see  no  niurkiugs  at  all,  or  nothing  but 
irregular  spots — no  radii  nor  sectors.  The  consistence  possessed  by  a 
hypcriinittire  cataract  depends  upon  whether  the  gradual  hjss  of  water, 
which  began  after  the  intumescence  of  the  cataract  and  reduced  the 
latter  to  iU  nornial  votmne,  keeps  on  or  unt.  If  the  loss  of  water  con- 
tinues, the  pultaceoHs  mass  which  is  produced  by  the  disintegnition  of 
the  leus-fibera  becomes  more  and  niorc  inspissatetl.  It  dries  up  along 
with  the  nucleus  of  the  lens  into  a  Hat,  «-aki'-likf  n\\\,»»;  the  anterior 
I  ham  her  consequently  becomes  deeper  and  deeper.  This  is  the  ordi- 
lutry  form  of  hvpermaUirc  senile  cataract. 

If  the  loss  of  water  (.-ea-ses  after  the  lens  becomes  entirely  opa«pn', 
the  lenticular  mass  grows  more  lluid  in  proportion  as  it  breaks  np  inld 
constantly  smaller  parts.  If  this  process  goes  on  in  a  young  person,  in 
whom  there  is  no  hard  nui'leus  in  the  lens,  the  latter  becomes  liquefied 
through  and  tlirough,  ho  that  the  lens  consists  of  a  milky  Huid  (rv?/«- 
racta  fluida  sive  hviat).  If  this  metamorphosis  affects  an  old  lens,  the 
nucleus,  which  has  failed  to  become  opaque,  also  escapes  disintegnition, 
and  sinks  under  the  form  of  a  heavy  compact  muss  to  thi^  Intttom  of  the 
liquefied  cortex.  The  cataract  lias  then  a  homogeneous  while  appear- 
ance, corresponding  to  the  milky  cortex,  and  in  its  lower  portion  pre- 
sents a  brownish  shading,  which  is  bounded  above  by  a  semicircular 
line,  and  which  corre.ijMmds  to  the  upper  half  of  the  dark  nucleus. 
As  the  latter  alters  \Xs  ])osition  with  the  movements  of  the  head,  the 
brownish  shadow  can  also  be  seen  to  change  its  place.  This  form  of 
cataract  is  known  jis  Morgagnian  cataract  {catnractn  Mor<fagni). 

A  liquefied  lens,  however,  does  not  remain  pertnanonfly  nnalteretl, 
but  inspissjilion  of  the  flui<l  occurs  later  on  ihroug!»  the  gradual  loss  of 
water,  tho  disiutegrat/ctl  lens-massts  being  at  the  same  time  in  part  re- 
Ht)rbod.  In  this  way  the  lens  constantly  diminishes  in  volume  until,  in 
cases  in  which  no  nucleus  has  been  )U'e.seiit,  it  is  transformed  into  a 
thin,  tnmspurtnt  meu^brane  {cntarticta  memhrauarptt).  In  children, 
in  whom  resorption  is  carried  especially  far,  the  opaque  lenticular 
mafisea  disappear  altogether  in  places.  The  two  layers  of  the  lens-cap- 
6ul«,  which  has  remained  transparent,  come  into  apposition,  and  thus 
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there  are  formed  perfectly  transparent  spots  in  the  opaque  lens,  recog- 
nizable by  reflected  liglit  as  bhn-k  gups  in  the  white  ptijiil.  Tiie  child 
beginn  to  see  again,  u  sort  of  spontaneous  cure  of  the  cataract  having 
occurred. 

When  a  hypermature  cataract  has  lasted  a  long  time,  changes  set 
in  whicli  lead  to  cotnpiicatioiis :  (tt)  Cholesteriu^  or  lime-salts,  are  de- 
posited in  the  leus-niass.  The  former  is  recognizable  with  the  naked 
eye  under  the  form  of  shining  points  in  the  oparpie  lens.  Calcification 
of  the  lens  {I'afaracta  calcaren  sive  yypsea)  takes  place  chieiiy  in  com- 
plicated cataracts.  It  is  characterized  by  a  peculiar  coloration,  varying 
from  chalk-white  to  yellow,  {b)  The  anterior  capsule  heconies  thick- 
ened by  proliferation  of  the  capsule-cells,  so  that  out  of  a  simple  len- 
ticular cataract  tlii-re  is  formed  a  aftnrncln  capsulu-k'ntiiularis.  The 
capsular  opacity  presents  itself  under  the  form  of  a  dense,  white, 
irregular  spot  upon  the  gray  or  brownish  surface  of  the  lens,  usually 
occupying  llie  central  part  of  the  anterior  capsule,  over  an  area  about 
corresponding  to  the  pii[iil.  (r)  The  lens  becomes  trcTruiIous.  The 
shrinking  of  the  hy[)eruiatiire  cataract  allects  not  only  its  thickness, 
but  also  its  equatoriul  diameter.  In  proportion  as  the  latter  diniinislies 
in  size,  the  zonula  of  Zinn  is  stretched,  and  thereupon  undergoes  a  cor- 
responding atrophy  of  its  fibers.  Consequently,  the  attachment  of  the 
lens  becomes  im{>erfeet,  so  that  the  lens  shakes  with  the  movements  of 
the  eye  {tufarncta  tremula).  Spontaneous  luxation  even  of  the  lens 
may  take  place  thnjugh  partial  or  total  rupture  of  the  zonula.  In 
conseipU'iu-e  of  these  cluinges  an  ojx'ration  f«»r  hyperniatiire  cataracts 
is  often  more  difhcult,  and  gives  rather  less  favorable  results  than  the 
operation  in  the  stage  of  maturity. 

As  the  di«gnn.«is  of  the  stage  of  a  cataract  is  that  which  determines 
the  qurstion  of  the  performance  of  an  operation,  and  hence  is  of  great 
practical  importance,  the  distinguishitrg  signs  of  the  separate  stages 
will  be  summed  up  in  the  following  brief  words: 

1.  Cataracta  incipiens.  Anterior  chamber  of  normal  depth  ;  trans- 
parent spots  still  to  Ix'  fnund  in  the  lens  between  isolated  opacities. 

2.  Cataracta  intumesccns.  Anterior  chamber  shallower;  iris  usu- 
ally casting  a  shadow;  lens  hhdsJj-vvhite  and  having  a  silky  luster; 
markings  of  the  stellate  figure  nf  the  lens  very  distinct. 

3.  Cataracta  niatura.  Chamlier  of  normal  de[ith  ;  no  shadow  cast 
by  the  iris;  markings  of  the  stellate  (igure  of  the  lens  still  recognizable. 

4.  Cataracta  hypermatura.  Anterior  chamber  of  a  normal  de]ith; 
no  shadow  cast  by  the  iris;  surface  of  the  lens  appearing  quite  homo- 
geneous (in  the  case  of  liquefaction),  or  showiTig  irregular  dots  and 
spots  in  place  of  the  radial  markings  of  the  lens-star. 

According  to  their  ron.<iiMfpnce,  total  cataracts  are  distinguished  into 
hard  and  soft  (catnructa  dura  ct  mullU).  This  has  reference  to  the 
nucleus  of  the  cataract.     By  soft  cataract,  therefore,  we  undcrsümd 
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one  having  uo  disliiint  bard  nucleus  (Fig.  (50),  while  those  cataracts 
are  known  a«  hard  which  inclose  a  hard  nucleus,  alt  hough  the  cortex 
iä  soft  (Fig.  51)).  The  nncleas,  in  fact,  does  not  usually  become  sub- 
ject to  cataractous  changes,  and  therefore  retains  its  natural  consist- 
ence. The  distinction  between  hard  and  soft  caUiract  is  made  chiefly 
from  a  practical  point  of  view.  For  the  extraction  of  cataract  from 
ai»  eye  a  section  must  be  made,  the  dimensions  of  which  depend  mainly 
upon  the  size  of  the  nucleus.  The  wound  must  be  large  euough  for 
the  nucleus  to  pass  eu«ily  through  it,  tm  otherwise  tlic  nucleus  either 
can  not  be  removed  from  the  eye  at  all,  or,  as  it  is  sfjueezed  violently 
tiirough  tlie  wound,  it  crushes  the  lips  of  the  latter.  The  soft  cortex 
is  stripped  <»ff  from  the  nucleus,  as  the  latter  passes  through  the  wound, 
and  can  subsequently  be  readily  rrMmvvi-d  from  the  eye  by  stroking;  it 
is  unnecessary,  therefore,  to  pay  :r.\  1 1  irard  to  it  in  making  the  section. 
Hence,  in  soft  cularncts  a  snuUl  wuuml  (simple  linear  extruction)  suf- 
fices, while  in  Ivurd  cataracts  the  wound  must  bu  longer,  in  proportion 
to  the  size  of  the  nucleus. 

For  these  reasons  it  is  of  importance  before  undertaking  an  opera- 
tion to  diagnosticate  whether  the  cataract  contains  a  hard  nucleus,  and 
if  so,  about  how  large  it  ia.  For  this  purpose  we  must  take  into  ac- 
count the  age  of  the  patient  and  the  appearance  of  the  calanict.  The 
age  is  to  bo  considered,  inasmuch  as  the  development  of  tiio  nucleus  is 
in  direct  jiroportion  to  it  in  lieahhy,  and  heute  alsc  iu  eataractons, 
lenses.  Cataracts  of  children  and  young  pcojde  have  no  nucleus;  in 
older  persons  the  nucleus  is  in  the  main  larger  the  more  advanced  the 
age  is.  Nevertheless,  it  is  iint  to  be  forgotten  that  very  considerable 
individual  variations  occur  with  regard  to  the  size  of  the  nucleus.  A 
earefid  inspection  of  the  cataract,  however,  enables  us  to  see  the  nu- 
cleus directly.  It  can  bo  recognized  upon  lateral  illumination  as  a 
«lark  rellex  emanating  from  the  depth  of  the  lens.  From  this  we  can 
estimate  its  sixe,  and  from  its  color  estimate  its  consistence  also.  The 
darker — reddish  or  brownish — the  nucleus  is,  the  harder  (and  usually, 
too,  the  larger)  is  it. 

It  may  happen  that  the  sclerosis  of  the  lens  has  advanced  so  far 
that  it  )uis  been  entirely,  ur  all  except  a  small  ret^idue,  transformed 
into  a  nucleus.  It  is  then  converted  into  a  hai'd,  dark-browu,  trans- 
parent mass.  The  pupil  looks  black,  and  it  is  only  on  careful  inspec- 
tion— especially  with  the  aid  uf  lateral  illiinunation — that  we  recognize 
that  it  is  of  a  peculiar  d.ark  brown.  This  condition  is  known  under 
the  njime  of  ralaracta  nigra.  Properly  speaking,  it  is  not  a  cataract 
iu  the  true  sense  of  the  term,  but  a  far-advanced  senile  alteration  of 
the  lens— a  total  sclerosis  of  it.  Such  lenses  are  always  large  and  hard, 
and  refpiire  a  large  section  fur  tlieir  removal. 

The  opiteities  which  make  tlieir  appeankiicc  in  the  beginning  of  the  «levelop- 
nent  of  a  cataruct  jkhsscss  most  frequently  the  following  fomu: 
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1.  Opaque  aeetori  (radii)  which  look  grayiHh-white  !)>■  reflected  light,  black 
bj  transmittei!  liyht,  and  whose  «pices  converge  towurd  the  |iole  of  the  lena. 
They  correspond  to  the  natumi  pruuping  of  the  [onH-liher>!  into  sectors.  Bonie- 
times  they  are  brotwl  und  triangular,  somelinies  narrow,  bciiijr  occusiontiSly  reji- 
resented  hy  nothing  but  slender  nidii.  That  f«rtn  of  ciitiinK-t  in  which  tlte 
lens  is  traversed  by  niimerou.«,  very  feiender  radiutiiig  lines  is  fouud  chiefly  in 
myopic  eyes.  The  clouding  of  the  sectors  begins  in  tiuir  jn-ripliery,  wheie  they 
art:  visible  with  the  ophthulmoBCope  long  before  their  apices  project  into  the 
region  of  the  pupil  and  impair  vision. 

8.  A  diffute,  amokt-Uke  ehudineg»  occupie»  the  central  jiortion  of  the  hns. 
It  belongs  to  tho-sc  layer»  which  directly  inclose  the  nudeu.«.  This  sort  of 
ofmcily  disturlts  the  sight  much  earlier  und  to  i\,  Diuch  greater  extent  than  do 
the  ojKupie  radii,  because,  in  the  first  place,  tliey  iire  fron»  the  start  found  in  the 
pupillary  area;  and.  secondly,  because  they  are  dilTuse  and  do  not  have  any  spots 
that  nre  quite  transptrent. 

3.  We  flud,  as  an  extremely  frequent  occurrence,  in  the  eyes  of  old  people, 
an  opaque  ring  which  lies  near  the  equator  of  the  lens,  and  which,  on  account 
of  its  resemblance  to  the  arcu«  senilis  of  the  cornea,  was  named  hy  Amnion  the 
arm«  Kenilii  (sivc  geroiditxoti)  Itnti».  It  does  not  impair  vision,  since  it  lies  wholly 
behind  the  iris,  and  shows  little  tendency  to  sprcnd. 

(jrenerally,  in  commencing  senile  cataract,  several  or  even  all  of  the  above- 
men  tioiRMl  forms  of  opacity  are  met  witli. 

4.  In  young  people,  cataract  often  begims  in  the  form  of  iriegular,  nuicular 
or  cloud-like  opacities. 

How  long  a  time  docs  it  take  for  a  cataract  to  become  ripe?  The  prog^rtu 
of  a  cataract  ia  sometimes  rapid,  sometimes  slow,  the  latter  esjiecially  in  senile 
rntsract,  which  not  infrequently  remains  in  an  almost  unchanged  condition  for 
years,  ITence,  if  we  find  in  an  elderly  palicnt  the  first  si  ages  of  a  cittanict  which 
as  yet  produces  no  interference  with  vibion  worth  mentioning,  the  indication  is, 
iti  the  interest  of  the  jMitient,  not  to  frighten  him  l>y  communicating  his  con- 
dition to  him,  as  he  perhai>s  may  enjoy  sutticiently  good  vision  for  several  yean 
yet  to  come.  For  our  own  security  we  may  communicate  the  discovery  to  some 
|K<rson  intimately  connected  with  the  patient.  Sometimes  the  lenticular  opacity 
progresses  by  fits  and  .starts — a  cataract  which  bus  reiiiaincd  unchanged  fur  quite 
a  long  time  becoming  almost  completely  miiture  within  a  few  months  or  even 
weeks. 

For  these  reasons  it  is  f<ir  the  most  part  impossible  to  answer  with  precision 
the  patients  question  as  to  when  the  cataract  will  lHcon»e  rijie.  The  following 
dijignostic  points  may  serve  for  an  a]qiro.\imate  determination:  The  lenticular 
o|uicity  develops  the  more  rapidly  the  younger  the  jierson  is.  Light-colored 
cataracts  become  matured  more  ntpiilly  than  dark  ones,  and  those  with  broad 
radii  more  nqiidly  tli;ni  tho.se  with  .■^h-ndtr  nidji.  A  Cataracta  nigra  can  never 
become  matured  in  the  ordinary  sense  of  (he  word,  since  it  is  not  a  cwtaract 
projH'r  but  a  sclerosis  of  the  entire  lens  which  may  be  said  to  have  been  con- 
verted in  toto  into  a  nucleus,  and  hence  always  preserves  a  certain  degree  of 
transparency.  For  the  laity  a  criterion  of  the  ripeness  of  a  cataract — i.  e.,  of  itB 
reudincs»  for  operation -is  the  fact  that  the  eye  is  no  longer  in  a  condition  to 
count  finger».  Tliis  does  not  hold  good  for  dark  cataracts,  which  generally 
do  not  become  so  o]»uipiti  that  the  patients  can  not  perceive  the  larger-sized 
objects.     Nevertheless,  these  can  be  operated  upon  with  good  results,  since  the 
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lens  ha»  1xK!n  transformed  into  b  hard,  homy,  tmnsluccDt  mass  which  can  readily 

be  shelled  out  cleunly  from  its  capsule. 

The  riipidily  of  rip»  iiinj;  is  nlso  influenced  by  the  etiologj*  of  the  cataract. 
Certain  cataracts,  such  us  diiiljetie,  traurnntic,  and  gljUK'onuitous  ciitaracts,  fur- 
thermore complicated  cataruetw,  particularly  those  resulting  from  detachment 
of  the  retina,  are  rlislinguished  by  their  riipiti  rate  of  progress.  The  time 
required  for  ripeninjr  can  be  most  retidily  determined,  at  least  in  the  case  of 
aenile  cJitanM-t,  when  the  other  eye  already  contains  a  rijie  cataract  and  the  time 
tliat  this  Itiiä  taken  to  develop  is  known,  hiuce  presumiibly  the  rate  of  advant« 
of  the  cataract  ia  the  same  in  both  eye«. 

The  iutumescence  of  the  mnturinji:  cataract  is  caused  by  the  swelling'  of  the 
cortex.  It  is,  therefore,  more  distinctly  pronounced  the  softer  the  cataract  is, 
§ince  Itien  there  is  nmch  0<>rtex;  on  the  other  hand,  it  is  altogether  wantinjf  in 
the  dark,  hard  Cataracta  which  consist  of  siarccly  anything  but  nucleus.  For 
the  aame  reason,  tt)o,  the  ordinary  phenoiuena  of  hyitermaturity  do  not  occur  in 
the  latter;  instead  of  und  ergo  in  g  further  disintegration,  the  horny  lens  remains 
unchanged,  or,  at  most,  thickening  of  the  eapsule  is  added. 

By  a  combination  of  thickening  of  the  capsule  with  various  degrees  of 
consistence  of  the  lens,  special  varieties  of  ciitanict  are  produced.  A  liquefied 
lena  in  a  thickened  snc-ltke  cai»sule  is  cnllcd  lyntür.  cataract  {nitaracta  eyttica). 
By  tlie  terra  eiitanictn  nriila  ttiliquata  ia  understood  a  sliriveled  cataract  within 
a  thickened  cai»sule;  deriving  it»  name  (dry,  8slique-8liaiM.'d  or  pod-like  cataract) 
from  its  similarity  to  a  dried  pod  (silicpie). 

By  tin-  shriveling  of  the  cataract  in  the  stage  of  hypermaturity  the  noterior 
chamber  Ix-coracs  deojx'r,  until  finally  the  iris,  instead  of  projoctiLg  forward  in 
the  »ha|)e  of  a  cone,  lies  in  a  plane.  If  tlic  diminution  in  the  size  of  the  cata- 
ract keeps  on,  the  iris  is  not  drawn  backward  so  as  to  form  a  funnel,  except 
when  it  is  joined  to  the  h'ns-onpsule  by  jiosterior  synechia;.  Otherwise  the 
iris  remains  stretclunl  in  a  |»l:iae,  and  the  shriveling  lens  becomes  further  and 
farther  removed  from  the  iris,  so  that  tire  latter,  deprived  of  its  support,  be- 
comea  tremulous.  A  dark  intersjmce  is  then  -seen  between  the  iris  and  the  lenH, 
and  the  iris  again  throws  a  shadow  upcm  the  latter.  This  .shadow  must  not.  of 
course,  be  confounded  with  that  which  i.s  found  in  imtnature  cataract.  Nor 
should  the  black  rim  of  pignicjit  on  the  margin  of  the  pupil,  seen  in  everj-  c«Ke 
of  catann-t,  bo  regarded  us  the  shadow  ca.st  npon  the  iris.  It  is  easily  distin- 
guished from  a  .slindow  by  its  a|)pearancf',  and  iilsn  by  the  fact  that  it  is  visible 
not  only  at  the  side  toward  the  light,  but  all  round  the  iris. 

In  the  stage  of  hypermaturity  in  which  the  opaque  layers  become  thinner 
tlirt)Ugh  resoiption,  the  sight  often  increases  a  little,  so  that,  for  example,  the 
fingers  can  be  again  distinguished.  Really  serviceable  vision  sometimes  comes  on 
in  young  people,  when  the  resorption  goes  on  so  far  that  spots  are  formed  whicli 
are  perfectly  transparent.  In  senile  cataract,  in  which  a  hard  nucleus  is  pres- 
ent, it  is  extremely  rare  for  a  sjK)ntaneou»  restoration  of  sight  to  occur,  although 
It  may  fake  place  in  the  following  ways:  (a)  By  the  resorption,  in  exceptional 
CASH'S,  not  only  of  the  cortex  hut  also  of  the  nucleus  to  such  an  extent  that  noth- 
ing but  slight  opacities  remain.  (I»)  By  the  formation  of  a  JInrgagniau  cata- 
nict.  and  the  subsequent  transformation  of  the  fluid  portion  of  the  cataract  into  » 
clear,  transparent  liquid.  Then  the  upper  part  of  the  pupil  is  transparent  and 
black,  while  the  l>rown  nucleus  is  seen  lying  m  its  lower  i)art.  These  cases  ar« 
not  »0  very  rare,  only  they  were  not  formerly  correctly  diagnosticated.     I  my- 
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»If,  dnco  I  have  bej^n  to  pay  attention  to  the  «ubjcct,  have  Bccn  six  such  rases 
wliioh  formerly  I  would  probably  have  looked  upon  fts  caturaots  which  lind  bc- 
ronn^  diniini.Hlied  in  size  and  luxuttd  dovvuward.  Afterward  tht'  IniritijMireiit 
lii]uid,  litid  cv(;n  the  nucleus  itself,  miiy  be  roHorbcd,  so  that  only  a  thin  itR>m- 
bntiie  is  left,  (f)  By  spontaneous  dislocation  of  the  lens,  so  lliat  the  pupil 
liu  becomes  partly  or  entirely  bhick. 
Operations  upon  hypermnlur«  eiilanictsgive  rather  less  fiivorabk-  results  thiiu 
thofl^  jwrforraed  at  the  time  of  mattirity.  The  chief  disjid vantages  of  operating 
in  tilt'  stage  of  hyiRTmuturity  are:  1.  I'rolapso  of  the  vitreous  durinfi  the  opem- 
tion,  on  account  of  the  defective  condition  of  the  r.onula.  2.  Retention  of  the 
thickened  and  ojiaque  capsule.  Since  this  can  nut  di.siipjjear  by  rtubsi'i|Uent 
abHorplion,  as  tile  opiupie  leiitJcular  musses  may  dii,  it  forms  a  jHTmanent  scc- 
ondarj- cataract.  3.  The  possibility  of  the  products  of  the  disinte-rration  of  the 
lens-8iibstaucc,  especially  Cholesterin,  c<iniinf;  into  direct  contuct  with  the  iris, 
and  exerting  such  an  irritating  action  upon  it  that  iritis  develojis.  I  once  oper- 
ated by  ditjcisaion  upon  a  shriveled  cataract  which  <'onfained  scturely  anj-thing 
else  between  the  two  layers  of  capsule  but  a  large  aniouat  of  Cholesterin  cry»- 
tala.  After  the  anterior  cajisule  had  been  o[>ened,  tlie  crystals  poured  into  the 
anterior  chaml>er,  where  they  could  be  seen  floating  about  like  ptisteniiifj  point« 
iti  the  aqucoua  and  afterward  sinking  to  the  bottom  after  the  fashion  of  a 
hypopyon.  Although  the  operation  it-self  was  done  without  the  iris  receivinff 
any  niechnnical  injury,  a  severe  irichj-cycaltifi  nevertheless  ensued,  in  cousc- 
i|ueDcc,  I  suppose,  of  the  irritation  of  the  iris  due  to  the  Cholesterin. 

To  what  httH  t>ee»  8ai<l  in  regard  to  the  nucleiw  of  the  lens  and  its  behavior 
in  r«.«je9  of  cataract,  exceptions  occur.  There  «re  cases  of  cataract  in  childrt  n, 
in  wliich  the  lens,  instead  of  being  soft,  hiw  tpiite  a  hard  nucleus  or  even  has  :i 
wax-like  consistence  thmvigljout.  On  the  other  hand,  cases  of  senile  cafanut 
Imve  been  observed  witliout  nucleus.  In  exceptional  cases,  the  nucleus  and  not 
the  crirtex  may  be  the  first  {mrt  to  become  opntpie  in  the  leuaea  of  adult«  (oito- 
rnct/t  nufhnrin.) 

C.  Etiology  of  Calnrac/. 

92.  1.  Cnfaracta  Comjenita. — The  cause  of  this  ts  either  a  disturb- 
ance of  develnpmeut  or  an  intra- uterine  inllamrniition  of  the  eje.  Both 
the  stutionarv  partial  cataracts  (particularly  untorior  and  posterior  polar 
cataniot)  and  tlie  progressive  forms  uf  cataruct  may  be  congenital. 
Congonitjil  cntaraots  are  u.sually  hiUiteral  ami  often  iuhorited.  Heredi- 
ty, however,  makes  its  influence  felt  in  non-congenital  cataracts  also, 
and,  in  fact,  oven  in  senile  cataract;  there  are  fuiniiies  in  which  many 
of  their  members  (and  that,  too,  for  the  most  part  at  an  uueommonly 
early  age)  become  blind  from  senile  cataract. 

2.  Cataracta  senilis  is  by  far  the  most  frequent  form  of  cataract. 
Indeed,  it  occurs  very  frequently  in  old  peojjle,  but  not  so  regularly  aa 
to  be  regarded  as  a  physiological  attribute  of  age — as  the  turning  gray 
of  the  hair  i.i,  for  example — but  as  a  pathological  process.  It  usually 
does  not  make  it«  appearance  until  after  the  fiftieth  year  of  life,  but  is 
exceptionally  observed  in  the  years  between  forty  and  fifty.  The  fact 
of  a  cataract  occurring  iu  an  elderly  person  does  not  of  itself  justify  the 
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diagnoflia  of  senile  cotaract.  An  old  man  may  get  a  cataract  in  conse- 
quence of  traumatisiu,  etc.  llunce,  to  establish  this  diagnosis,  it  must 
be  demonstrated  ihiit  neither  in  the  eye  nor  in  the  body  in  general  are 
there  diseases  which  might  account  for  the  development  of  the  cata- 
ract, 80  that  the  latter  can  only  be  attributed  to  the  effect  of  age.  Se- 
nile cataract  always;  aHects  botJi  eyes,  but  rarely  at  the  same  time,  so  that 
generally  one  eye  is  in  advance  of  the  other  in  respect  to  the  develop- 
ment of  its  cataract. 

3.  Cataract  due  to  Qeneral  Diseases. — The  most  frequent  of  these 
is  diabetic  cataract.  This  mainly  develops  when  the  amount  of  sugar 
in  the  urine  is  high,  and  usually  maturea  rajiidiy.  It  is  always  bilateral. 
In  this  category  are  also  to  be  set  down  perinuclear  cataract  depending 
upon  rickets  and  cataract  due  to  nephritis. 

4.  Cnttxrttrta  Trauinttiini. — All  injuries  which  make  an  opening  in 
the  lens-eupsule  result  in  opacity  of  the  Icus.  If  a  fresh,  transj>arent 
lens  iiB  taken  out  of  its  eu|isu]e  and  laid  in  Avuter,  it  absorbs  water 
abundantly  and  in  so  doiug  becomes  opaque,  swells,  aiid  finally  breaks 
up  iuto  liiyers  through  a  process  of  cleavage.  Proeisely  the  same  thiug 
takes  place  in  the  living  eye  through  the  imbibition  of  aqueous  by  the 
lens,  when  the  capsule  has  been  opened  tlirough  traumatism,  so  that 
the  aqueous  comes  into  direct  contact  with  the  lens-substance.  When 
the  traumatism  affects  the  posterior  capsule,  the  vitreous  acts  in  the 
same  way  as  does  the  aqueous. 

The  opening  of  the  capsule  usually  occurs  through  direct  injury 
inflicted  by  means  of  a  punctured  or  incised  wound,  through  the  jK-rie- 
tration  of  a  foreign  bixly,  and  also  designedly  tlirough  an  operation 
(disci-saiou).  Contusions  of  the  eyeball  also,  which  do  not  perforate  its 
tunics,  may  cause  opacity  of  the  lens.  In  many  of  these  cases  it  is 
likely  that  rupture  of  the  capsule,  probably  in  the  region  of  t!u)  equator 
of  the  lens,  is  caused  by  the  contusion.  But  this  does  not  exclude  the 
possibility  of  lenticular  opacity  being  caused  by  simple  concussion  with- 
out the  capsule  being  opened — the  opacity  in  that  case  evidently  not 
depending  u()on  imbibition  of  a<iueous. 

The  developmout  of  cataract  after  injury  of  the  capsule  proceeds  in 
the  following  way :  As  early  as  a  few  hours  after  the  injury  the  lens  is 
found  to  be  clouded  in  the  vicinity  of  the  capsular  wound.  Soon 
swollen  Jcns-tilicrs  jtrolrude  through  the  caj>sulur  wound,  so  as  to  pro- 
ject under  the  form  of  gray  flocculi  into  the  anterior  chamber,  and 
these  later  on  break  off  and  fall  to  the  bottom  of  the  chamber.  While 
the  prolapsed  masses  of  leus-substanoe  are  becoming  gradually  smaller 
through  resorption  ami  Hnally  di8aj)pear,  new  flocculi  keep  protruding 
through  the  capsular  wound.  At  the  same  time  the  opacity  sprea<l8 
farther  and  farther  in  the  lens  itself,  so  that  usually  within  a  few  days 
the  lens  is  opaque  throughout.  The  subsequent  course  varies.  In 
favorable  cases   the  eye  remains  free  from  inflammatory  symptoms. 
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New  portions  of  the  lens  keep  coming  through  the  capsular  wound  into 

the  anterior  chamber,  where  they  undergo  resorption.  In  this  way  the 
lens  may  flisuppear  completely  by  absorption,  so  that  the  pupil  become« 
clean  and  black,  and  thus  a  spontaneous  cure  of  the  cat4iract  takes  place. 
In  most  t-ases,  however,  resorption  comes  to  a  stop  earlier  from  reclos- 
tire  uf  the  capsular  wound.  Then  opaque  purlioiis  of  the  lens  still  re- 
main in  the  shrunken  capsular  sac  and  form  a  shriveled  cataract,  which 
requires  au  ojieration  for  the  restoration  of  sight. 

In  the  unfavorable  caj^es  traimiatic  cataract  is  complicated  sooner 
or  hiter  with  infUimrnalion.  This,  for  the  most  part,  like  the  catiiraot 
itaelf,  is  to  be  regarded  as  the  direct  consequence  of  the  trauniatisji), 
by  which  the  membranes  of  the  eye  (particularly  the  uvea)  either  suffer 
a  severe  mechanical  injury  or  undergo  infection.  Then  the  clouding 
of  the  lens  and  the  infianiiuatiou  (irido-cyclitis)  go  on  at  the  same  time. 
In  other  cases  the  intlanunatinn  js  the  result  of  the  cataract,  the  lens 
03  it  swells  pressing  upon  the  iris  and  irritating  it  to  the  point  of  inflam- 
mation. The  iatlammation  leads  to  the  adhesiwi  of  the  opaque  lens  tu 
the  neighboring  parts,  especially  the  iris  and  ciliary  body  [t^tttanwia 
accreia)^an(l  by  this  adhesion  the  operation  for  the  caUiract  is  rendered 
difficult.  In  the  severest  cases  the  inflammation  is  so  violent  that 
alone  it  suffices  to  destroy  the  eye,  citlier  through  panopthalmitis  or 
through  plastic  irido-cyclitis  terminating  in  atrophy  of  the  eyeball. 

Increase  of  tension  may  also  be  caused  by  a  swelling  traumatic  cata- 
ract. These  cases  are  less  dangerous  if  they  come  under  the  observation 
of  a  physician,  since  the  increase  of  tension  can  be  done  away  with  by 
timely  interference  (by  paracentesis  of  tlie  cornea,  by  removal  of  the 
lens,  or  by  iridectomy).  But  if  such  a  case  is  not  treated,  the  sight  is 
tisually  destroyed  througli  excavation  of  the  optic  nerve. 

5.  Caiararia  CampUrata. — By  this  term  we  mean  cataracts  occur- 
ring as  the  result  of  other  diseases  of  the  eyeball.  As  the  lena  draws  its 
nutrient  material  from  the  surrounding  tissues,  it  is  easy  to  understand 
how  in  disea.se  of  the  latter  the  transparency  of  the  lens  may  suffer. 
The  affections  of  the  eyeball  most  frequently  leading  to  the  formation 
of  cataract  are:  («)  violent  inflammations  in  the  anterior  sections  of 
the  eye,  such  as  extensive  suppuration  of  the  cortiea  (partii-tdarly  thiit 
produced  by  abscess)  and  irido-eyclitis;  {b)  sluggish  infiamniations  in 
the  posterior  sections  of  the  eye,  such  as  chorioiditis  (particularly  irido- 
chorioidilis  chronica),  myopia  of  Itigh  degree,  retinitis  jiigmontosa, 
detachment  of  the  retina;  {r)  glaucoma  in  the  stage  of  glaucoma  akso- 
hitum  {rafntntrtft  glaufomatosa). 

The  diagnosis  that  a  caUiraet  is  complicated  may  be  made  in  those 
cases  where  there  is  a  disease  of  the  anterior  section  of  the  eye,  simply 
by  the  external  examination  of  the  eye.  Morbid  changes  may  be  made 
out  in  the  cornea  or  iris,  and  also  adhesions  between  these  organs  and 
the  cataract.     But  if  the  pathological  changes  which  have  led  to  tlie 
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production  of  opacity  in  the  lens  appertain  to  the  deeper  portions  of 
the  eye,  Lliey  may  not  be  visible  from  the  outside.  Even  in  euch  cases, 
however,  the  cataruct  often  shows  itself  to  be  «.-om plicated  by  ila  pecul- 
iar uppcarantio.  Thus  in  ehonoiditiä  and  rctinins  iiignieutosa,  stellate 
anterior  and  posterior  cortical  cataracts  are  fuund  (see  page  372) ;  and 
total  cataracts  are  often  distinguished  by  being  liquefied  or  calcified,  by 
the  thickening  <tf  the  capsule,  by  the  assumption  of  a  yellow  or  green 
color,  by  treniuloustic83  of  the  lens,  etc.  If  the  catarata  presents  noth- 
ing exteriorly  that  points  to  it»  being  complicated,  the  only  way  in 
which  the  diagnosis  can  be  made  id  by  examining  the  perception  of 
light,  a  thing  which  should  be  done  in  every  case.  iSiich  examination 
will  often  demonstrate  the  percei)iion  of  light  to  bo  deficient  or  alto- 
gether wanting  in  comjilicated  cataract. 

It  is  of  practical  importance  to  recognize  tlie  fact  that  a  cataract  is 
complicated,  because  by  this  fact  the  jirognusis  and  treatment  are  infiu- 
cnced.  The  prognosis  is  less  favorable  than  in  uncomplicated  cataract«,, 
both  because  the  operation  is  more  difficult  to  j>crfürm,  und  beeaus 
the  result,  as  far  a«  sight  is  concerned,  is  less  succes^^iful.  Moreover, 
complicated  öitjiractÄ  often  require  speciid  methods  of  operation. 
Many  complicated  cataracts  are  not  susceptible  of  being  ofwrated  upon 
at  all. 

Id  exceptional  casm eongmitnl enUiract* mc  not  discovered  imimdiately  after 
birth,  but  ouly  whi»d  the  child  is  some  weeks  or  monttis  old.  For  new-born 
children  have  very  ii«rrow  pupils;  and,  moreover,  keej)  their  eyes  shut  ndwt 
uf  the  time  because  tln-y  sleep  »o  much,  .to  that  no  nolie«'  is  taken  of  the  fact 
that  their  pupil»  are  not  block.  Then,  too,  as  üuch  youn^  children  do  not  tlx 
their  eyes  upon  objects,  the  fact  that  tlicy  do  not  si-o  in  not  obvious.  Partial 
congenital  cataract»,  if  they  do  not  cause  any  notable  inipuirniont  of  sight,  »ir 
often  not  noticed  until  the  patient  i.s  of  a  pretty  mature  a^c,  or  ]ierhap8  are' 
never  discovered  at  all.  Not  a  few  conj^nital  cataracts  arc  romplicafcd,  as  can 
lie  seen  from  the  changes  found  at  the  same  time  in  the  iris,  esfieciaUy  posterior 
synechia;.  They  are  hence  the  result  of  a  fo'tal  iritis.  The  fortnution  of  the 
(Mitaract  must  in  many  cases  hv  datx-d  pretty  far  back  in  intra-uterine  life,  since 
rhildrcn  sonn'titnes  come  into  the  world  witii  catj<rncts  that  hiive  already  become 
shriveled.  Here,  therefore,  the  entire  process  uf  ripening  and  of  shriveling  bu 
been  cvolve<l  in  utero. 

Endeavors  have  l>cen  made,  hitherto  in  vain,  to  discover  some  general  dis- 
lurljancc  of  nutrition  «» the  cause  of  tenile  eatitrnrt.  Deutschmann  thou^dit  (hat 
in  a  numtxT  uf  oises  a  simultaneously  existing  albuminuria,  Michel  an  athp- 
rr>matoUH  de<»enenition  of  the  canitid.  shoidd  be  reyiirded  ns  the  cause  of  Iha' 
opacity  of  the  lens.  Larjrer  statistics  liave  not  conHrnu-d  these  con jer( urea. ' 
Hkith  albuminuria  and  atheroma  of  the  larfjer  vp^>,els  have  been  found  to  be 
very  frequent  in  old  people  jrenemlly.  and  tpiite  as  freipient  in  those  who  do 
not  suffer  from  cataract  as  in  rataraclous  patient<«.  As  little  are  we  justified  in 
iK-lieving  ihut  M-nilo  cataract  occtira  especially  in  decrepit  old  men.  On  the 
contrary,  it  is  very  often  found  in  perfectly  robust  persiins;  and,  moreover,  thoeo 
individuals  who  are  affected  with  senile  cataract  remarkably  early  (in  the  yearc 
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between  forty  and  fifty)  are  by  no  means  prematurely  aged  in  other  rcRpects. 
It  hence  seems  as  if  senile  cataract  must  Ue  ascril>ed  to  [mrely  locul  (M»u»es.  In 
the  process  of  trÄtisformation  of  the  inner  liners  of  the  lens  intu  niieleus  (scler- 
rosisj  these  layers  diminish  somewhat  in  volume.  I'lidir  normal  conditions  this 
process  of  shrinking  is  conducted  so  slowly  and  gniditally  lliut  the  cortical  lay- 
ers are  able  to  adapt  themselves  to  the  diminished  volume  of  the  uueleua.  But, 
if  the  shrinking  goes  on  with  exceptional  speed  or  irregularly,  there  may  be 
produced  undue  traction  and  suhscquent  separation  of  those  layers  of  the  lens 
which  lie  between  nuekns  and  cortex.  In  this  situation  fine  fiasures  are  formed 
in  which  fiuid  accumulates;  afterward  the  a<ljaceut  lens-fibers  thcanselves  Ije- 
come  opaque,  and  thus  afford  the  iaitial  impulse  which  leads  to  the  opacity  of 
the  entire  lens  (F<irster), 

It  was  forratrly  Ijclifvcd  that  the  cause  of  diabetie  eatnraet  was  to  be  looked 
for  in  the  abstraction  of  water;  for  if  a  fresh,  transparent  lena  with  uninjured 
capsule  is  laid  in  a  solution  of  sugar  (or  even  a  solution  of  sslt),  the  lens  becomes 
clouded,  owing  to  the  fact  that  the  solution  absorbs  water  from  the  lens  with 
avidity.  If  the  opaque  lens  is  then  put  back  in  plain  water,  it  again  beeonres 
clear.  Tlie  same  esjwriment  can  also  be  performed  u|miii  living  animals.  The 
blood  in  the  vessels  of  a  frog  is  re|>laced  by  a  solution  of  sugar  or  salt,  where- 
upon tlie  lenses  become  opjupie,  Tlven,  if  the  frog  is  put  back  again  into  water, 
the  k'Dses  clear  up  ouce  more.  Up<m  ttic  basis  of  these  e.xpcrinienta  it  was  as- 
sumed that  in  diabetes  the  fluids  of  the  eye,  and  particularly  the  aqueous,  act, 
on  account  of  the  amount  of  sugar  they  contain,  by  withdrawing  water  from  the 
lens,  ÄO  that  the  latter  liecomes  opaque.  This  view  appeared  to  be  confirmed 
by  the  fact  that  diabetic  cataract  occurs  only  when  the  «mount  of  sugar  in  the 
urine  is  gR-at.  More  recent  analyses  of  the  atiueous  in  diaiietics  liave,  however, 
shown  that  the  amount  of  sugar  contained  in  it  is  verj' small,  much  smaller  than 
the  amount  necessary  in  the  exix'riments  to  produce  opacity  of  the  lens.  Hence, 
although  it  is  not  to  be  denied  that  the  altered  composition  of  the  fluids  of  the 
eye  is  accountable  for  diabetic  cataract,  aevertlieless,  the  action  of  this  factor 
is  not  to  be  conceived  of  «imply  a»  an  abstraction  of  water,  but  more  compli- 
cated disturbances  in  the  nutrition  of  the  lens,  the  nature  of  which  is  not  yet 
exactly  known,  must  t»e  supposed  to  exist.  A  form  of  cataract  which  really 
depends  upon  the  abstmction  of  water  is  probably  that  which  sometimes  makes 
its  apjiearance  in  tlie  last  stage  of  cholen». 

The  prognosis  of  dial>ctic  cataract,  as  far  as  tlie  operation  upon  it  is  con- 
cerned, is  less  favorable  than  in  senile  cataracts,  Ix-cause  in  diabetes  wounds 
show  less  tendency  to  heal,  and,  moreover,  diabetes  predisposes  to  iritis.  Hence, 
if  we  have  to  operate  upon  a  diabetic  cataract,  we  wait  until  by  suitable  treat- 
ment the  »mount  of  sugar  in  the  urine  has  been  reduced  to  the  lowest  possible 
point.  In  diabetic  cataracts  which  have  not  advanced  too  far  sttrnetimes  a 
partial  disaiqwarnnce  of  the  opacities  have  been  observed,  after  a  suetes.sful 
treatment  of  the  diabetes  |by  the  Carlabad  water-cure).  These  cntnracti*,  there- 
fore, ore  the  only  ones — and  they  only  in  exceptional  cases— which  can  be  im- 
proved by  medicinal  treatment. 

An  interesting  example  of  opacity  of  the  lena.  due  to  an  altered  composition 
of  the  nutrient  flviidK,  is  nnphtkalink  oitarfirt.  This  is  jiroduced  when  napb- 
thalin  ia  administered  to  rabbits.  Retinitis  develops  first  with  opacities  of  the 
vitreous,  and  subsequently  a  cat^iract  forms  iBouchartl).  Another  way  of  pro- 
ducing cataract  experimentally  is  to  diminish  the  temperature  of  the  lens  by 
23 
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laying  ice  upon  the  eye  (Michel).  Stein  has  set  up  ojiacit)-  of  the  lens  it)  young 
Guintfu  [tigs  by  jmtting  the  iinimnls  in  the  resonjitor  box  of  a  tuning-fork  which. , 
was  ke])t  in  constant  vibration.  After  they  had  stayed  severnl  days  in  the  boi 
a  partial  cutnruct  developed,  which  afterward  cleared  up  again  (^jiontaaeously. 
In  this  ca-H«  the  cataract  wa.s  |)rnbably  produce«!  by  the  fact  that  tlic  vibrations 
of  the  tuning-fork  caused  slight,  but  fre<|uently  rejieatcd,  concussions  of  tlie 
lens.  To  coiioussiiin  of  a  coarser  sort  are  p(  rhaps  rcferaltle  those  cases  of  cata- 
ract developed  after  varioui^  sorts  of  convulsiou».  To  this  category  belong  ej>i- 
leptic,  hysterical,  auri  eclamptic  convulsioa«.  Lanjellar  cataract — winch  de- 
veloj«  in  children  after  con^mlsions— ia  also,  according  to  Arlt,  a  direct  conse- 
quence  of  concuf-siou  of  the  lens.  Perhnp.s,  too,  the  canes  in  which  catiiract 
forma  in  ergotism  and  rhaplmuia  depend  upon  the  convulsions  which  frequently 
Kccuiupany  these  diseases.  After  a  stroke  of  lightning  a  development  of  cata- 
ract is  observed  which  ia  variously  referred  to  the  concussion,  to  tlic  evolution 
of  heat,  aud  lastly  to  the  chemical  (electrolytic)  action  of  the  electric  sjtark. 
Acconling  to  experimental  investigations  by  Hess,  electric  shocks  produce  in 
animtds  the  death  of  thf  cells  of  the  capsular  epithelium — a  fact  which  would 
supply  the  reason  of  the  formation  of  cataract  in  thes«  cases. 

Id  traumatic  eatctraet  it  is  the  rule  that  the  ujiacity  of  the  lena  becomes 
total,  spreading  rapidly  from  the  site  of  the  wound  in  the  cap-sule  to  the  rest  of 
the  len.s.  Exceptionally,  however,  cases  are  observed  in  which  the  opacity  of 
the  leu»  remains  partial  or  imleed  actually  disijppears  again.  For  this  to  occur, 
the  caftside  woun<l  nuist  l»e  very  small,  so  that  it  cluscs  ipiickiy  and  the  ai|ueous 
ha«  no  longer  access  to  the  lens-lilwrs.  Most  fav<irably  situated  in  this  regar 
arc  tho.se  capsular  wounds  which  lie  behind  the  iri.s,  by  tlie  adhesion  of  which  to"" 
tho  wound  the  latter  is  very  soon  closed  up.  In  such  cii.ses  it  may  hap]R'n  that  u 
circumscribed  opacity  remains  only  at  the  site  of  injury,  or,  if  a  foreign  biMly,  has 
penetrated  the  lens,  along  the  track  of  the  wound,  By  resorjition  of  the  opaque 
jwrtions  the  ojHicity  itself  may  even  in  jiart  clear  up  again.  Sometimes,  too,  as 
a  ciinscquenre  of  injury^  stellate  anterior  or  posterior  cortical  cataract«  develop 
which  may  likewia«  remain  stationary  ur  even  retrogress  (see  (>age  374). 

D.  Treatment  of  Cataract. 

93.  Every  sort  of  medicinal  treatment  is  ineffectual  against  cataract. 
An  improveinent  of  the  sight  may  be  obtained  by  means  of  atropine  in 
those  case«  in  which  the  opacity  occupies  principally  the  pupilhiry  area 
of  the  lens.  In  that  ease,  after  dilatation  of  tho  pupil,  tho  peripheral 
tranBpareut  portion  of  the  lens  can  be  employed  for  vision. 

The  popular  renieilies  and  quack  medicines  which  are  alleged  to 
have  been  of  assistance  in  cataract  arc  mostly  such  as  contain  bella- 
donna, and  act  favorably  upon  the  sight  in  the  way  just  mentioned. 
Tlie  imjirovement  thua  obtained,  however,  is  transient,  disappearing  aa 
soon  as  the  peripheral  layers  are  implicated  in  the  oj)acity  hy  the  prog- 
ress of  the  cataract.  A  cure  of  cataract  can  be  secured  only  by  o|«ra- 
tive  meuns.  The  indispensable  prerequisite  for  this  is  that  the  light- 
perceiving  parts  (retina  atul  optiu  nerves)  should  be  healthy,  a  matter 
which  is  determined  by  oarefal  testing  of  the  ligbt-perceptiou  (see 
§  150). 
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The  methods  of  Operation  in  vogue  are  mainly  disciBsion  and  ex- 
trnrtioii.  Discission  is  chiefly  a4hij»te(i  for  the  catüraots  of  young  peo- 
ple which  do  not  yet  contain  a  solid  nucleus.  It  can  be  performed  in 
every  stage  of  the  growth  of  the  cataract,  and  hence,  too,  in  partial 
opacities  of  the  lens.  Moreover,  discission  is  indicated  in  membranous 
cataract,  not  to  effect  their  absorption,  which  would  be  impossible,  but 
to  tear  a  hole  iu  them  (dilaceralioii).  Tlie  indications  for  extraction 
will  be  given  at  the  same  time  with  the  description  of  the  methods  for 
perfuniiiiig  it  (^§  1<J1,  IC'^).  If  possible,  it  ia  to  be  performed  only 
when  the  oaturact  is  ripe.  In  immature  cataracts,  layers  of  transjiarent 
cortex  renuiin  adherent  to  the  capsule,  and  afterward  become  opatjue, 
80  that  a  secondary  catjiract  is  formed.  Different  oiierative  methods 
have  been  proposed  to  accelerate  the  process  of  ripening,  among  wliich 
torster's  (iridectomy  with  massage  of  the  lens,  g  157)  is  the  most 
employed. 

Cataracts  which  are  congenital  or  which  develop  in  childhood 
should  be  operated  upon  as  early  as  ]iossible.  Children  can  be  sub- 
jected to  the  operation  of  disci.ssion  with  good  results  at  the  ago  of  a 
few  weeks.  If  the  cataract  ia  not  operated  upon,  the  development  of 
the  retina  is  arrested  and  amblyopia  ex  anopsia  is  prodnce<l.  Conse- 
rjuently,  t!ie  good  result  of  a  cataract-operation  that  is  performed  at  a 
later  date  is  comparatively  small  as  far  as  vision  is  concerned. 

In  traumatic  cataract  our  first  thought  should  be  to  combat  the  in- 
flammation which  uünally  follows  tlie  injury.  Iced  compresaea  »re  of 
the  most  service  agiiinst  this  impending  inllammation,  and  also  against 
the  great  swelling  of  the  wounded  lens.  Removal  of  the  opaque  lens 
should  be  performed  at  once  only  when  through  its  own  great  swelling 
it  i»  itself  the  cause  of  iuflummatiou  or  of  increase  of  tension.  Other- 
wise, it  is  better  to  put  off  the  operation  until  later,  lest  the  inflamma- 
tory symptoms  be  aggravated  or  brought  on  anew  by  it.  If  we  wait  a 
long  time,  often  a  great  part  of  the  cataract  is  absorbed  spontaneously, 
so  that  instead  of  extraction  a  simpler  operation  (discission)  can  be  per- 
formed. So,  too,  in  complicated  cataract  associated  with  inflammatory 
symptoms  we  had  better  await  the  decline  of  the  inflammation  before 
openiting,  unless  imperative  indications  compel  us  to  an  earlier  per- 
formance of  the  operation. 

An  eye  which  has  been  operated  upon  for  cataract  is,  in  conse- 
quence of  the  loss  of  the  lens  (aphakia),  hypermetropic  to  a  marked 
degree,  and  has,  moreover,  lost  its  power  of  ac<-ommodation,  so  that 
distinct  vision  can  be  obtained  only  by  suitable  convex  glasses. 

Shall  we  operate  upon  an  eye  affected  with  a  mature  cataract  if  the  other 
«till  sees  well  ?  Irv  the  ettse  wlieii  ttie  beginning  of  the  devetri|nnt'ut  of  a  cata- 
ract is  already  present  in  the  second  eye  this  question  i»  evidently  t«  be  an- 
swered in  the  iiffinnntive.  To  know  whether  we  shsll  also  operate  when  tlie 
second  eye  i»  jjcrfectly  healthy  and  gives  ufl  no  reason  to  aflticipute  the  forma- 
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tion  of  a  cataract,  we  must  nsk  what  gain  the  patient  would  derive  from  a  uni- 
lateral cataract-operation.  ITow  is  T-awiun  performed  with  two  eyes,  one  of 
which  has  it»  lens  and  the  other  has  not  ?  In  that  case  a  very  great  difference 
cxistfi  between  the  refractiou  of  the  two  eyes — (hat  is,  a  marked  degree  of  ani- 
sometropia. Binocular  single  vision  is  still  possible,  but  the  images  are  never 
sharp  and  distinct  in  both  eye«  at  the  «unc  time.  The  plan  that  naturally  sug- 
gests  itself  of  correcting  the  aphakic  eye  by  a  corn'i*j)ouiling  convex  gla.«s,  and 
thus  making  both  eye«  alike,  proves  to  be  im])ractifable  (see  §  150);  but,  though 
the  patient  is  not  able  to  use  the  ojwrated  eye  for  distinct  vision  at  the  aame 
time  with  the  other,  he  yet  derives  from  it  the  advantage  of  aa  enlargement  of  the 
field  of  vision.  In  one-eyed  jH'Ople  the  field  of  vittion  for  t!ie  single  eye  is  lim- 
ited toward  one  side  by  the  nwe,  while  the  man  who  sees  with  two  eyes  has  a 
binocular  field  of  vision  which  stretches  very  fur  toward  both  side.*.  An  eye 
which  has  been  operated  upon  for  cataract  furthermore,  even  though  it  never 
wears  a  proper  coiivl-k  glass,  nevertheless  retains  all  its  functional  eajiacity,  so 
that  it  can  at  ouce  take  tlie  place  of  the  other  eye  in  case  that  should  become 
nnsierviceablo.  It  is,  therefore,  a  reserve  for  the  future.  If  we  had  left  the 
cataract  with  the  idea  of  not  oju-rating  ujion  it  until  something  had  hapjiened 
to  the  other  eye,  we  might  perhaps  be  obliged  to  ojM^rate  upon  a  very  hyperma- 
ture  cataract  under  unfavnrultle  conditions. 

IlintorimL — Cutamrt  wiui  already  well  known  to  the  ancient  Greek  and 
Roman  phy.siciaiiH.  On  account  of  the  gniy  appi'arancc  of  the  piapil,  tliey  de- 
noted it  by  the  name  of  glaucoma,  which  word  in  the  course  of  time  has 
changed  its  meaning.  The  ancients  also  knew  the  o]MTation  for  cataract,  which 
they  jHTformed  by  depressing  the  opaque  lens  info  the  vitrcou-s  by  means  of  a 
needle  (dejiressio  Cataracta!).  Nevertheless,  they  had  an  erroneous  conception  of 
the  nature  of  (he  diseast%  in  that  they  located  the  opacity  not  in  Init  in  front 
of  the  lens.  This  latter  body,  bright  as  crystal,  the  most  obvious  thing  when 
the  eyeball  i«  ofwned,  was  considered  by  t!ie  ancients  to  be  the  tnie  scat  of 
vision,  the  |K'rcipieiit  organ,  such  as  now  we  know  the  retina  tobe.  According 
to  this  view,  the  loss  of  the  leu»  would  necessarily  entail  complete  bliudnese ; 
but  since  the  ancients  knew  that  in  the  ojicnition  for  cataract  the  opacity  is  re- 
moved from  the  pupil,  and  nevertheless  the  sight  is  not  lost,  but,  on  the  contrary, 
is  restored,  tbey  could  not  consistently  regard  the  ojiacity  as  located  in  the  lens. 
Tliey  thought  the  o)>acity  which  they  depressed  into  the  vitreous  wa.s  situated 
in  front  of  the  lens.  They  believed  that  it  originated  from  the  pouring  out  of 
an  opaque  li)[uid  Iwtwecn  the  iris  and  lens,  and  hence  tbey  called  cataract  hypo- 
cdiyma  (itrd,  beneath,  and  ^^im,  I  pour)  or  suffusio,  suffusion.  Since  it  was  im- 
agined that  the  ojia<pio  liquid  fell  down  from  above  in  front  of  the  lens,  the 
name  Cataracta  (cataract),  which  still  is  usually  employed,  came  into  use  in 
tho  middle  ages.  The  German  word  "  St-aar  "  is  likewise  verj'  old.  The  ex- 
pression starapHnt  (Staarblind)  occurs  as  early  as  the  eighth  century.  It  means 
really  eyes  which  are  starr  (rigid) — i.  e.,  fail  to  follow  objects  because  they  do 
not  see  them.  Cataract  is  known  a.s  "grauer  Staar,"  on  account  of  the  gray 
color  of  the  pupil,  to  distinguish  it  from  "schwarzer  Staar" — i,  e.,  those  varie- 
ties of  blindness  in  which  the  ptipjl  remains  black  (blindness  due  to  disease  of 
the  fundus  of  the  eye).     "Grüner  Staar  "  is  glaucoma. 

Our  knowledge  aa  to  the  true  nature  of  cataract  dates  from  the  beginning 
of  the  last  century.  Even  before  this  one  or  two  aavants,  like  Mariotte  and 
Bocrhauvc,  recognized  the  real  situation  of  the  opacity,  without  their  doctrines, 
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however,  obtaining  general  acceptance.     In  the  year  1705,  Brisscau,  a  French 

Burgeon,  had  the  opportunity  of  performing  an  autopsy  upon  tlip  body  of  a 
soldier  who  hiid  a  mnture  pataract  in  his  eye.  Brisseau  purftimifd  dejirtssion 
of  the  cataraet  u|h>u  the  cadaver  and  then  Dpciicd  the  eye,  when  he  f(mij<l  that 
the  opacity  whicli  he  had  depressed  into  the  vitrer>ufl  was  tlve  lens.  He  laid  liia 
observations,  togetlier  with  the  conclusions  drawn  from  them,  before  the  French 
Academy,  but  obtained  no  credence.  The  Academy  confuted  him  by  holding 
up  the  doctrines  of  Galen  in  regard  to  cataract.  It  was  not  till  three  years 
later,  when  new  proofs  had  been  brought,  that  the  Academy  recognized  the 
new  doctrine,  which  soon  found  general  »cccptaucc. 


II.  Changes  of  Position  of  the  Lexs. 

94.  Changes  of  position  of  the  Ipna  always  have  their  anatomical 
cause  iu  changes  of  the  zonuhi  of  Zinn.  I'his  in  the  Tiornial  eye  is 
tightly  stretched,  and  holds  the  lens  so  firmly  that  the  latter  remains 
jiorfei:tIy  immovable  even  with  the  most  violent  motions  of  the  head. 
Hence,  any  tremor  of  the  leus,  aiiil  etill  more  any  displacement  of  it 
from  its  natural  position,  presnppose  a  rela.xation  of  the  firmness  of 
this  attachment.  Such  a  relaxation  can  take  place  either  from  a  simple 
elongation  and  loosening  of  the  fibers  of  the  zonula,  or  from  their  com- 
plete destruction.  Changes  of  tliis  sort  may  affect  either  single  spots 
or  the  entit'e  circumference  of  the  zonula. 

The  ohjtdive  Hymptumn  of  a  change  of  position  differ  according  as 
the  lens  ia  only  displaced  a  little  (subluxation),  or  has  left  it^  place  in 
the  fossa  patellaria  altogether  {luxation). 

{ft)  Stihlv ration  may  consist  in  the  lena  being  placed  a  little  ob- 
liquely, so  tliat  one  edge  of  it  looks  somewhat  forward,  the  opposite 
one  somewhat  backward.  This  is  recognized  from  the  unequal  depth 
of  the  anterior  chamber.  Another  sort  of  8ublu.\ation  is  produced  by 
lateral  displacement  of  the  lens,  so  that  it  no  longer  lies  in  the  center 
of  the  f(w.<a  patcllaris.  In  this  citse,  too,  the  anterior  chamber  is  un- 
equally deep.  If,  for  example,  the  lens  is  somewhat  depressed,  the 
anterior  chamber  would  be  ftmnd  tu  he  deeper  in  its  upper  half,,  shal- 
lower below  (Fig.  B'^).  Besides,  when  the  pupil  is  dilated  (and,  if  the 
displacement  is  marked, without  this)  we  can  see  the  edge  of  the  lens. 
This,  in  the  example  above  selected  of  depression  of  the  lens,  would 
run  transversely  across  the  pupil  forming  an  arch,  which  is  convex 
tipward.  That  part  of  the  pupil  which  is  situated  above  it  and  which 
has  no  lena  (Fig.  82,  a)  wonld  be  a  deep  black,  while  the  lower  part  (/) 
which  contains  the  lena  would  be  of  a  delicate  gray.  This  arises  from 
the  fact  that  even  the  most  transparent  leus  reflects  gome  light.  Really, 
therefore,  the  normal  pupil  is  not  perfectly  black,  but  of  a  very  dark 
gray — a  fact  which  one  can  convince  himself  of  in  those  cases  in  which, 
through  displacement  of  the  lens,  one  part  of  the  pupil  is  aphakic,  and 
therefore  is  of  a  pure  block. 
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lu  both  cases — that  ie,  both  in  obliquity  and  in  lateral  displacemei 
of  the  leas,  conditions  which  are  often  combined — there  occurs 
movements  of  the  eye  tremor  of  the  inadequately  attached  lens  an< 
with  the  lens  of  the  iris  also  (iridodonesis). 

(Ä)  Luxation  of  the  lens  consists  in  its  leaving  the  fossa  patellaris 
altogether,  either  by  prolapsing  into  the  anterior  chamber  or  by  reced- 
ing into  the  vitreous, 

A  lens  luxated  into  the  anterior  chamber  is  readily  recognizabl 
from  its  shape.    This  is  more  convex  than  usual  because  the  lens  is  no 


Fio.  (Ö-— SmuTUTioF  or  th*  Lnm.    Stbckitio. 

The  l«nB  haa  Runk  sn  far  down  wan)  that  itii  upper  pd^  It  visible  in  the  pupil.    In  conMOueoM  < 
of  the  relaxation  of  the  xonula.  It  a  much  buliriHl  out.  and  Is  In  contact  by  Its  lower  norderj 
with  the  ciUarr  prooeM«* :  moreover,  the  lowt^r  half  of  the  iris  is  preaaMl  forward  by  IB.( 
Above,  on  the  contrary,  the  anterior  chamber,  through  reoeiwion  of  the  iria,  is  abnormally] 
ile«p.    (>f  the  beam  of  ray*  emitted  by  the  luniinouH  point  o.  a  portion  goes  tbroiurh  tb«] 
aphakic  part,  a,  of  the  papU  ;  these  rays,  on  account  of  the  abeence  ct  the  lens.  aremsuA»  I 
cteatly  refracted,  «o  that  tbeypome  to  a  focus  behind  the  retina  at  /,  and  form  upon  thf 
ratin*  a  dlffnaion-circle.  b.    That  portion  o(  the  beam  paasintr  throuch  the  section,  {,  of  I 
tlie  pupil,  wiiicb  ooDtains  the  lens,  UBdergoeiiexueMivc  refractioD  on  act-ount  of  the  increased  ' 
coDTeilty  of  the  leoa,  so  that  the  ravs  Inüarsect  in  front  of  th«>  rptltui  at  /,  and  form  iipMi  the 
retina  a  diffuaioa-clrcle,  b,.    This  latter  icets  to  lie  N>lciw  Xhf  forpa  cenlmli«  'and  below 
the  diifusioo -circle  b).  Iwcause  all  rays  paaainf;  tbn^UKh  the  leas  under;^  a  ileriatinn  down- 
ward oa  account  of  the  priamatio  action  of  the  latter.    Thus  two  inia^^e*  of  the  putnt  u  are 
pratoced  upon  the  retina  <  mooocolar  diplopia ). 

longer  kept  flat  by  the  tense  zonuliu  It  therefore  assumes  its  maximum 
conveiity,  as  it  does  upon  the  strongest  effort  of  accommodation.  If 
the  lens  is  transparent,  its  edge  appears  like  a  eurve<i  line  of  golden 
luster,  so  that  it  looks  as  if  a  great  drop  of  oil  were  lying  in  the 
anterior  chamber.  The  anterior  chamber  is  deeper,  especially  below, 
where  the  iri.s  is  pressed  backward  by  the  lens. 

Luxation  of  the  lens  into  the  vitreous  occurs  more  frequently  than 
luxation  into  the  anterior  chamber.  The  anterior  chamber  then  is  deep 
because  of  the  recession  of  the  iris,  which  is  tremulous.  The  pupil  is 
of  a  pure  black.    The  lens  itself,  if  opaque,  may  sometimes  be  reoog- 
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nizcd  deep  down  even  with  the  naked  eye;  in  most  rases,  however,  the 
oi>hthiilmüseope  is  required  in  order  to  discover  it.  It  is  either  attached 
to  fiomc  »pot  of  the  fundus  by  means  of  exudate,  or  it  floats  about  freely 
in  the  vitreotis  {ca  farad  a  mi  tans). 

Every  disloeatiou  of  tlie  lens  entails  a  considerable  disturbance  of 
vUion.  U  the  lens  still  lies  witliin  the  pupillary  area,  the  eye  becomes 
very  myopic,  because  tlie  lens  aseunies  its  maximum  convexity  on  account 
of  the  relaxation  of  the  zonula.  Ailded  to  tlija  is  a  considerable  degree 
of  astigmatism,  arising  from  the  fact  that  the  lens,  either  from  lying 
obliquely  or  being  laterally  disjduced,  refmct-s  the  light  with  unequal 
Btrength  in  the  different  meridians  (regular  astigmatism);  or  the  re- 
fractive posver  may  even  vary  in  different  sections  of  the  same  meridian 
(irregular  astigmatism).  The  astigniatisin  attains  \tA  maximum  when 
the  lens  is  ao  greatly  displaced  that  its  edge  is  visible  in  the  pupil,  the 
hitter  thus  consisting  of  a  portion  which  does,  and  of  one  which  does 
not,  contain  the  lens.  In  such  a  case,  moreover,  double  vision — monoc- 
ular diplopia — is  present;  for  the  marginal  portions  of  the  lens  act  like 
a  prism,  whose  refracting  edge  corresponds  to  the  equator  of  the  lens. 
By  reason  of  this,  the  rays  passing  through  the  lens  are  deviated»  so 
that  two  images  (A  and  ö„  Fig.  8ti)  of  one  object  (o)  are  formed  ii])on 
the  retina.  Neither  of  these  is  distinct.  The  imago  {b)  produced  by 
the  aphakic  portion  of  the  pujnl  corresjxinds  to  that  formed  by  a  very 
hypermetropic  eye,  and  would  require  a  convex  lens  to  make  it  dis- 
tinct. The  image  (A,)  appertaining  to  that  part  of  the  pupil  which 
contains  the  lens  is  that  of  a  myopic  eye,  and  couM  he  made  distinct  by 
means  of  a  concave  lens.  Furthermore,  disturbance  of  vision  may  l»e 
produced  by  the  development  of  opacity  in  the  subluxated  lens. 

In  luxation  of  the  lens  into  the  vitreous  the  eye  acts  like  an  apha- 
kic one,  and,  if  no  further  complications  are  present,  see  well  with  the 
correcting  convex  glasses.  Indeed,  in  the  old  method  of  cataract-opera- 
tion by  depression,  there  was  actnally  a  luxation  of  the  lens  into  the 
vitreous,  designedly  produced. 

Dislocations  of  the  lens  usually  entail  secondary  conseqHmce,^  which 
may  be  extremely  disastrous  to  the  eye.  Subluxations  often  in  time 
change  into  complete  luxations,  the  vibrating  lens  constantly  pulling 
upon  the  zonula  and  gradually  causing  it  to  atro])hy.  While  subluxated 
lens  often  remain  tmnspareut  for  a  long  time,  luxated  lens  usually  soon 
become  opaque.  Often,  to  be  snre,  dislocated  lens  are  opaque  to  start 
with,  this  being  particularly  the  case  in  spontaneous  luxations.  The 
worst  complications  are  those  arising  from  the  implication  of  the  uvea. 
The  latter  is  so  irritated  by  the  dislocated  lens  pushing  and  striking 
against  it  that  irido-cyclitis  develops,  and  this  may  even  give  rise  to  a 
sympathetic  alTection  of  the  other  eye.  Increase  of  tension  (secondary 
glaucoma)  also  fref|uently  makes  its  appearance  lu  consequence  of  dis- 
location of  the  lens.     The  most  dangerous  form  is  luxation  of  the  lens 
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iuto  the  anterior  chamber.  In  this  case  the  cornea  becomes  opaqi 
wherever  the  lens  is  applied  to  its  posterior  surface,  and  the  eye, 
the  most  part,  nudergoes  speedy  deetntction  through  irido-cyelitis  or 
increase  of  tension.  On  the  other  hand,  luxation  of  the  lens  iuto  the 
vitreous  is  the  form  best  tolerated,  es])ecially  if  the  lens,  as  time  goes 
on,  becomes  smaller  through  resorption.  In  fact,  in  the  depression  of 
cataract,  one  nsed  to  count  D]ion  this  tolerance  of  the  eye  toward  the 
lens  when  depressed  iuto  the  vitreous. 

With  respect  to  etiology  a  distinction  is  made  between  congenital | 
and  acquired  dislocations  of  the  lens. 

(rt)  Congenital  dislocations  consist  in  a  lateral  displacement  (sub- 
luxation) of  the  lens,  which  is  known  as  ectopia  lentis.  The  displace- 
ment is  caused  by  the  fact  that  the  zonula  is  of  unequal  width  in  dif- 
ferent directions.  Älost  frequently  the  lens  is  found  to  be  displaced] 
upward,  the  fibers  of  the  zonula  being  shortest  above,  longest  below. 
For  the  most  part,  too,  the  volume  of  the  lens  is  somewhat  smaller.  In 
after-years  the  ectopia  usually  increases,  and  even  passes  over  into  a 
condition  of  total  luxation.  Ectopia  of  the  lens  is  ordinarily  present 
in  both  eyes  and  symmetrically  in  both.  Very  often  it  is  of  heredi- 
tary origin. 

(A)  The  acquired  dislocations  of  the  lens  develop  either  as  the  re- 
sult of  trauma  or  spontaneously.  Traumatic  dislocations  are  princi- 
pally caused  by  contusion  of  the  eyeball  (for  the  mechanism  of  the 
luxation,  see  page  302).  Every  variety  of  subluxation  and  luxation 
may  be  thus  produced,  according  as  the  zonula  is  simply  torn  iuto  or  is 
entirely  torn  through.  If  the  tunics  of  the  eye  are  ruptured,  the  lens 
may  even  be  expelled  entirely  from  the  eye.  Among  traumatic  luxa- 
tions in  the  more  extended  sense  of  the  word  may  be  reckoned  those 
which  develop  when  perforation  of  a  corneal  ulcer  takes  place  very 
rapidly ;  in  this  case  if  the  perforation  is  only  large  enough,  the  lens 
may  even  be  discharged  through  it  externally.  Spontaneouti  disloca-, 
tions  take  their  origin  from  a  gradual  softening  and  disintegration  of 
the  zonula.  The  lens  then  owing  to  its  weight  sinks  gradnally  deeper 
and  deeper,  and  at  length  undergoes  complete  prolapse  into  the  vitre- 
ous. The  atrophy  of  the  zonula  occurs  as  a  result  of  liquefaction  of 
the  vitreous  in  myopia  of  high  degree  and  in  chorioiditis.  Again,  the 
sliriuking  of  a  hypermature  cataract  may  cause  stretching  of  the  zonula 
with  consequent  atrophy  of  it,  and  thus  give  rise  to  spontaneous  dislo- 
cation of  the  lens,  so  that  the  sight  which  has  been  abrogated  by  the 
cataract  is  restored  without  an  operation.  If  for  any  reason  the  zonula 
is  already  atrophic,  the  final  impulse  leading  to  total  luxation  is  fre- 
quently afforded  by  a  very  insignificant  traumatism — in  fact,  even  by 
bending  over,  sneezing,  etc. 

Treatment  in  those  cases  in  whicli  the  dislocation  of  the  lens  entails 
no  further  injurious  cousequeucee  besides  the  disturbance  of  vision. 
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consists  in  the  presoribing  of  suitable  glasses.  In  those  cases  in  which 
the  symptoms  of  irido-cyclitia  or  of  secomlnry  glaucoma  are  caused  by 
the  displacement  of  the  lens,  extraction  of  the  latter,  if  feasible,  is  indi- 
cated. Extnietion  is  most  readily  ]jerformed  in  luxation  of  the  lens 
into  the  anturior  chamber;  in  this  cjisc,  too,  it  is  absolutely  nocessiiry, 
since  otherwise  the  eye  is  lost.  In  subluxation,  the  removal  of  the  lens 
is  often  difficult  or  even  miscarries  altogether,  because  prolapse  of  the 
vitreous  occurs  on  account  of  the  defective  structure  of  the  zonula. 
The  extraction  of  a  lens  floating  in  the  vitreous  is  impossible.  In 
cases  in  which  the  removal  of  the  lens  is  difiicult  or  impossibie,  we  may 
try  to  convbiit  the  inflammation  or  tlie  increase  in  tension  by  means  of 
an  iridectomy,  which  in  the  case  of  the  subluxation  of  the  lens  is  made 
at  the  spot  at  which  the  iris  has  been  pressed  forward  by  the  lens  and 
thus  irritated.  If  an  eye  which  is  alrea<ly  blind  is  the  seat  of  inflam- 
nuiliou  and  pain  due  to  luxation  of  the  lens,  enucleation  is  the  best 
means  of  I'elieving  the  ])ain  and  averting  the  danger  of  sympathetic 
affection  of  the  other  eye. 

A  transparent,  luxatfd  Imis  looks  diflFi'rently,  accordinjr  a»  wc  repnrd  it  by 
reflected  or  tnitisjnittfcl  liffht.  By  reflected  light  the  lens  a|i[iears  of  a  delicate 
gray,  and  its  edge  luie  a  golden  luster,  almost  as  if  it  were  a  luminou«  body — 
that  is,  the  rays  of  tiyht  which,  coming  from  in  front,  enter  the  marginul  por- 
tions of  the  lens,  undergo  totnl  reflection  at  thv  ])o.sterior  surface  of  tlic  littter: 
for  at  this  H[K>t  they  pn-ss  from  a  denwr  medium  (Ihe  lenn)  into  u  rarer  medium 
(the  vitreous),  and  hence  ure  refracted  awny  from  the  nuttnal  of  iiieidence;  but 
Bit,  at  the  edge  of  the  lens,  they  fall  upou  the  potiterior  tenticuliir  .surface  very 
obliquely,  they  undergo  total  reflection.  They  accordingly  do  not  continue 
their  course  into  the  interior  of  the  eye,  but  return  to  the  observer,  who  there- 
fore sees  the  edge  of  the  lens  shine.  By  transmitted  light— in  examining  with 
the  ophthalmosco])e — the  edge  of  the  lens  for  the  same  reiwuni  ii]»i>ears  black, 
because  the  rays  which  conic  back  from  the  fundui*  tn  the  lens  are,  at  a  jtoint 
corrt!8[M)nding  to  the  edge  of  the  latter,  thrown  back  again  into  the  eye  by  total 
reflection. 

If  the  lens  has  prolapsed  into  the  anterior  chamber,  it  produces  through 
irritation  of  the  iris  a  »posm  of  the  sphincter  iridis.  The  pupil  conwqucntly 
contracts,  so  that  the  return  of  the  lens  into  the  posterior  chamber  i»  cut  off. 
It  may  even  hnppen  that  on  account  of  this  spasm  the  lens  is  held  tight  at  the 
moment  when  it  is  endeavoring  to  make  \ts  way  through  the  pupil  into  the  an- 
terior chaniher.  Tlie  lens  is  then  jammed  in  the  pupil,  and  consequently  violent 
symptoms  of  irritation  are  at  once  set  ujk  but  there  arc  also  chscs  in  which  the 
lens  can  slip  through  the  [mpil  so  easily  that  it  is  found  sometimet*  in  front  of, 
Bometimes  behind,  the  iris.  Sometimes  the  patient  is  able  to  produce  this 
change  of  place  volunturily.  He  can  bring  the  len»  into  the  anterior  chumlwr 
by  bending  his  head  forward  and  »haking  it,  while  to  bring  the  lens  buck  again 
behind  the  iris  he  lins  to  lie  upon  his  back.  In  this  case,  of  course,  we  «re 
always  dealing  with  lenses  of  diminished  diameter,  which  can  [Mtss  through  the 
pufiil  without  difficulty.  In  many  instances  sueh  movable  lenses  are  still  at- 
tached to  the  zonula,  which  is  then  greatly  eli>ng3i1e<l.  If  in  such  a  case  we  were 
obliged  to  extract  the  lens,  we  would  first  bring  it  into  the  anterior  chamber  by 
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the  «pproprintc  inanftuvre.  Then  if  we  cause  the  pupil  to  ronlract  behind  the 
lens  by  employing  ß  mintic,  we  Iiave,  as  it  were,  imprisoned  the  lens  in  the  an- 
terior clmmber,  and  will  be  able  under  ordinary  circumstances  to  remove  it  with 
ease.  To  be  sure,  these  cases  in  which  the  tena  shows  such  a  great  capacity 
for  making  excumiona  belong  to  the  rare  exceptions.  The  rule  is,  that  a  lett« 
luxated  into  the  anterior  chamber  stay«  there,  and,  in  contsequence  of  tlie  vio- 
lent inflammation  which  it  excites,  becomes  attached  by  exudates  to  the  cornea 
and  iris.  The  fnnner  becomes  opaque  wherever  the  lens  touches  it,  and  may 
also  ulcerate  in  tlie  same  spot;  ultimately  the  eye  i»  destroyed  by  irido-cycliti» 
with  8ub9e<pient  atrophy.  In  other  cases  the  increase  in  tension,  which  almost 
always  fuds  in,  leads  to  ectasia  of  the  sclera  in  its  anterior  portion  or  to  a  general 
enlargement  of  the  eyeball. 

The  disturbance  of  \ision  which  deveJopB  in  Bubluxation  of  the  lens,  so  far 
BS  it  consists  of  myopia  and  regular  astigmatism,  cud  Ix^  corrected  by  glasses, 
but  the  irregular  astiginjitiüm  can  not  be.  If  the  diülocation  of  the  lens  is  ao 
great  that  a  part  of  the  pupil  is  aphakic,  we  have  the  choice  of  correcting  either 
the  aphakic  portion  of  the  pupil  with  a  convex  glass  or  the  portion  of  the  pupil 
that  contains  the  lens  with  a  concave  glass.  We  recommend  to  the  patient  the 
form  of  correction  which  gives  the  better  visnal  acuity.  Sometimes,  for  the 
sake  of  better  correction,  It  is  indicated  to  enlarge  the  aphakic  portion  of  the 
pupil  by  an  iridectomy,  and  bo  make  the  eye  like  one  destitute  of  a  lens. 

Spontaneous  dislocation  of  the  lens  not  infrequently  occurs  in  ectasise  either 
of  the  eyeball  as  a  whole  or  of  its  anterior  segments — hence  in  hydrophthalmua, 
in  «taphylomata  of  the  cornea,  and  in  anterior  staphylomata  of  the  sclera.  The 
luxation  takes  place  because,  as  a  result  of  the  bulging  out  of  the  wall  of  the 
eyeball,  the  space  between  the  edge  of  the  lens  and  the  ciliary  body  becomes 
enlarged,  so  that  the  zonula  is  stretched  and  finally  atrophies.  It  may  even 
happen  that  the  lens  has  become  adherent  to  a  corneal  cicatrix,  bo  as  to  be  more 
and  more  obliquely  placed  tm  the  cicatrix  expands.  So,  too,  the  lens  is  some- 
times dniwn  out  of  its  place  by  exudate»  in  the  vitreou-s,  which  attach  thera- 
sclvea  to  its  posterior  surface  and  afterward  shrink.  Lastly,  the  iiislocation  of 
the  lens  due  to  tumors  (gliomata  and  sarcomata)  pressing  upon  it  may  be  also 
mentioned  in  this  connection. 

By  kntimnita  is  meant  a  rare,  usually  congenital,  anomaly  of  the  lens,  w  hich 
presents  a  conical  prominence  upon  its  anterior  (in  extremely  rare  cases  upon  its 
posterior)  surface. 
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CHAPTER   IX. 
DISEASES  OF   THE    VITREOUS. 

Anatomy. 

95.  The  vitreous  (corpus  vitreum)  is  u  transpurent,  colorless,  gelnt- 
inous  masa  whk-h  fills  the  posterior  tiavitv  of  tlie  eye.  On  its  anterior 
aspect  it  has  a  depression  (the  fossa  patellaris),  in  which  restg  the  pos- 
terior surface  of  the  lens.  By  its  otiier  aspecta  the  vitreous  is  uppiied 
to  the  ciliary  body,  the  retina,  and  Ibe  optic  nerve. 

The  vitreous  consists  of  a  clear  liquid  substance  inclosed  in  the 
meshes  of  an  equally  transparent  reticnlum — the  framework  of  the 
vitreous.  It  is  traversed  from  behind  forward  by  a  canal,  its  central 
canal  (C4inalis  hyaloideus,  camdis  Cloqueti),  which  begins  at  the  papilla 
of  the  optic  nerve  and  extends  to  the  posterior  pole  of  the  lens.  Dur- 
ing fuital  life  the  hyaloid  artery  runs  iu  it;  in  the  fully  developed  eye 
it  probably  serves  as  a  lymph-channel  (see  page  250).  The  vitreous 
contains  cells,  the  cells  of  the  vitreous,  which  have  a  varyinjr  (round  or 
branched)  shape,  and  are  found  particularly  in  its  outer  layers.  They 
are  to  be  regarded  as  emigrated  white  blood-corpuscles  which  have 
traveled  into  the  vitreous  (Schwalhe).  The  external  envelope  of  the 
vitreous  is  formed  by  the  structureless  hyaloid  membrane.  Considered 
from  the  point  of  view  of  its  development,  the  vitreous  is  to  be  regarded 
as  a  sort  of  watery — so  to  speak,  dropsical — connective  tissue.  It  is  only 
in  the  fretns  tluvt  it  has  vessels,  from  which  afterward  the  retinal  ves- 
sels are  formed  (see  Fig.  56).  In  tlie  fully  developed  eye  the  vitreous 
is  destitute  of  vessels,  and  hence  is  depondent  for  its  nutrition  upon  the 
surrounding  tis.sues,  principally  the  uvea.  Accordingly,  affections  of 
the  inner  membranes  of  the  eye,  such  as  retinitis  and  chorioiditis, 
always  result  in  an  implication  of  the  vitreous. 

Diseases  of  the  Vitreous. 

1.  Opacities. — These  are  sometimes  small  and  sharply  circum- 
scribed, sometimes  of  large  size.  The  former,  which  make  their  ap- 
pearance under  the  form  of  dots,  flocculi,  threads,  or  membranes,  are 
what  are  called  opacities  of  the  vitroons  in  the  narrower  sense  {npaci- 
tali'»  corporin  rifrei).  The  ])atieut  himself  perceives  them  entoptically, 
seeing  black  specks  of  various  shape  (musc«B  volituntes)  floating  before 
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his  eyes  {myodesopsia)*.  In  addition,  there  is  a  diminntion  of  the 
visual  acuity,  wliich  is  the  more  pronounced  the  larger  the  opacities  are. 

The  ranse  of  opacities  of  the  vitreous  are  generally  exudates  depo€i- 
i ted  there  in  tlie  course  of  iiithimniations  of  tlie  uvea  or  retina;  hut 
ha;inorrliages,  taking  pUwe  from  these  membranes  into  the  vitreous, 
either  spontaneously  or  as  the  result  of  injuries,  may  also  give  rise  to 
opacities  uf  the  latter 

The  proijnmis  depends  upon  the  size  and  the  age  of  the  opacities. 
Recent  opacities  of  the  vitreous  may  bo  absorbed,  so  tlutt  the  vitreous 
becomes  perfectly  clear  again.  Old  opacities,  on  the  contrary,  usually 
resist  all  treatment.  As  regards  extravasations  of  blood,  the  smaller  ones 
may  bo  completely  absorbed,  but  large-sized  ouea  always  leave  consider- 
able and  permanent  opacities. 

The  freutment.,  which  is  successful  only  in  recent  cases,  consists  in 
the  employment  of  remedies  which  accelerate  absorpf  ion.  Among  these 
are  potassium  iodide  or  other  remedies  coutaiuing  iodine,  mercury,  dia- 
phoretics (pilocarpine  or  salicylate  of  sodium),  und  mild  purgatives. 
Of  the  last  named,  saline  purgatives,  especially  the  saline  mineral 
waters — e.  g.,  of  the  Kreuzbrunnen  of  Marienbad — are  particularly  em- 
ployed. Repeated  paracentesis  of  the  anterior  chamber  may  also  bo  of 
service  by  stimulating  the  tissue-metamorphosis  of  the  eye. 

Large-sized  exudates  which  sometimes  fill  the  vitreous  are  either 
of  ptantic  or  purulent  nature,  and  are  found  in  irido-cyclitis,  chorioidi- 
tis, and  pauo]ihthalmiti3.  They  may  be  seen,  if  the  media  are  other- 
wise clear  enough,  by  lateral  illumination  under  the  form  of  gray  or 
yellowish  masses  situated  behind  the  leus.  The  plastic  exudates  be- 
come organized,  shrink  up,  and  thus  lend  to  atrophy  of  the  eyeball, 
while  the  ])uruleut  exudates  are  for  the  most  part  evacuated  externally, 
after  perforatiug  the  scleni,  and  termiuate  in  phthisis  bulbi. 

2.  Liquefaction  of  the  Vitreous  (SyncMBisf  Corporis  Vitrei).— 
When  observing  ojiacities  of  the  vitreous  with  the  ophthalmoscope,  we 
see  that  most  of  them  float  about  freely  in  the  vitreous.  It  follows  from 
this  that  the  framework  of  the  vitreous  must  have  been  destroyed,  so 
that  this  body  itself  is  converted  into  a  perfectly  liquid  mass.  In  opera- 
tions we  often  have  an  opportunity  of  directly  convincing  ourselves  of 
the  lir^uefaction  of  the  vitreous,  which  we  see  flowing  out  under  the 
form  of  a  tenacious,  usually  yellow-colored  liquid.  Instead  of  the  vitre- 
ous being  liquefied  itself,  it  may  present  an  accumulation  of  fluid  upon 
its  surface  by  which  it  is  forct-d  away  from  the  retina.  This  is  most 
frequently  the  case  in  the  most  anterior  and  posterior  divisions  of  the 
vitreous  {anterior  and  posterior  detachment  of  the  vitremts  ;  see  v  and 
Ä,  Fig.  150).     Liquefaction  and  detachment  of  the  vitreous,  like  opaci- 
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ties,  are  always  the  result  of  disease  of  the  adjacent  membranes,  which 
are  coucerued  in  maintaining  the  uutrilion  of  the  vitreous — that  is, 
they  are  found  in  retinitis,  chorioiditis,  rayojiia  of  high  degree,  etc. 

The  most  important  consequence  of  liijiiefaction  of  the  vitreous  con- 
sists in  the  gradual  diminution  in  volume,  which  the  altered  vitreous  mav 
undergo,  an  occurrence  whicli  manifests  itself  in  a  diminishfd  tension 
of  the  eye.  In  such  cases,  dctachmeut  of  the  retina  and  afterward  even 
atrophy  of  the  eyeball  may  supervene.  Another  consequence  of  the 
liquefivctioti  is  one  which  concerns  the  zonula,  which  becomi"«  softened 
and  atrophic.  By  this  a  tremulous  condition  of  the  lens,  and  later  on 
even  its  spontaneous  dislocation  are  produced. 

3.  Foreign  Bodies  m  the  Vitreoua— Tliose  usually  excite  violent 
inflammation — irido-cyclitis  or  panojihthalmitis — by  which  the  eye  is 
destroyed.  In  cxcejitional  cases  it  happens  that  a  foreign  body  is  tol- 
erated, 80  that  it  may  be  seen  for  yeai-a,  either  free  or  enveloped  in  an 
exudate,  witltin  the  otherwise  clear  vitreous.  To  be  sure,  even  in  these 
cases  inflammation  may  set  in,  even  after  a  long  time  has  elapsed,  and 
destroy  the  eye.  Foreign  bodies  which  have  but  recently  entered  tlie 
vitreous  we  try  to  remove  as  soon  as  possible.  The  chief  ones  that 
afford  a  prospect  of  doing  this  successfully  are  splinters  of  iron,  since 
magnets  may  be  employed  for  their  removal  (see  page  22T),  while  the 
removal  of  other  foreign  bodies  is  usually  effected  only  by  a  happy 
accident.  If  violent  inflammation  has  already  set  in,  tliere  is  usually 
nothing  left  to  do  but  to  perform  enucleation  to  avert  a  sympathetic 
affection. 

Among  foreign  bodies  in  the  broader  sense  may  also  be  reckoned 
lenses  luxated  into  the  vitreous  and  also  the  cysticercu.«,  both  of  which, 
like  foreign  bodies  in  the  jiroper  meaning  of  the  word,  give  rise  to  severe 
inflammation.  The  Cysticercus  may  be  removed  by  a  section  made  in 
the  sclera.  If  this  is  not  done  in  season,  or  if  it  is  not  successfully 
performed,  the  ej*e  ia  gi-adually  destroyed  by  irido-cyelitis,  and  eventu- 
ally has  to  be  enucleated  on  account  of  the  constantly  occurring  inflam- 
matory attttcks  and  of  the  danger  of  BympathetJc  inflammation. 

Under  normni  conditions  the  hyaloid  artery  ia  no  longer  present  even  in  the 
eye  of  the  new-born  infant.  In  excejitioaal  cases,  however,  remains  of  it  may 
persist  dtiring  life.  These  present  themselvca  iisually  undtT  the  form  of  a  gray 
filament,  wliifli  stretrlies  from  the  papiltu  out  into  the  vitrcouA,  und  may  even 
reach  up  to  the  jiosterior  pole  of  the  lens.  Posterior  polar  catanift  occurs  m 
connection  witti  it.  In  many  animals — e,  g.,  in  the  frog  and  in  many  snakes 
and  fishes — the  vi'.s8els  of  the  vitreous  persist  during  life. 

The  embryonic  vitreous  coutaiim  a  great  abundance  of  ccIIb,  and  is  hence 
opaque.  The  cells  afterward  disapjKsir,  but  opa<^ue  remnants  of  them  remain 
in  the  vitn-ous,  and  may  be  perceived  eutoptically  as  vmnnt  roJit'tntf».  These 
physiological  opacities  of  the  vitreous  apjieiir  under  the  form  of  trunfti»ftrent  fila- 
ments or  of  strings  of  pilaris  or  of  small  flocculi,  which  move  not  only  with  the 
eye,  but  alao  »pontaneoualy.   We  sec  this  very  readily  if  we  look  suddenly  upward 
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»nd  theo  hold  the  eje  still,  when  the  op*cities  «Dk  dowly  down.  Thej  are  that 
dutinguühed  fivm  the  entoptic  images  which  are  prodaced  bj  oparittes  in  the 
lens,  as  these  always  remain  in  the  same  place  in  the  field  of  view.  Physiological 
miuc«  volitantCAare  not  at  all  obviou«,  eo  that  most  men  are  not  aware  of  their  ex- 
iMteoce  in  their  ere«.  To  perceive  them  we  look  at  a  aniformlj  illuminated  surface 
— for  imiance,  the  aky.  They  are  luiially  better  perceived  by  myopic  eyes.  As 
BOOD  as  such  moaccB  rolituntcD  l>ecome  so  distinct  as  to  continually  force  them- 
selves upon  the  attention  and  to  become  troublesome  to  the  patient,  they  excite 
the  suspicion  of  their  being  pathological  opacitie«  of  the  vitreous.  To  diaoover 
them  the  ophthalmoscope  is  used.  If  we  are  dealing  with  faint  opacities,  we  have 
to  employ  the  mirror  «»f  weak  illumination,  and  also  often  artificial  dilatation  of 
ttK'  pu|nl.  Seen  with  the  (i|»hthulmo8coi)e,  opacities  of  the  vitreous  appear  like 
dark  dots  or  f]lainei)t>i  or  membranes  floating  about  in  the  vitreous.  Very  minute 
opiwritii'!* iifford  the  picture  of  an  extremely  fine  8ti])pling  of  the  vitreous  ("vitre- 
ous dust  ").  If  the  0[)acities  are  still  more  minute,  they  can  no  longer  lie  perceived 
OS  discrete  points;  nothing  but  a  uuiform  obscuration  of  the  fundus  is  observed 
(diffuse  opacity  of  the  vitreous).  The  more  numerous  the  opacities  are  the  mor« 
Imry  the  fundus  oppcara,  the  pupil  at  the  *ame  time  looking  redder  than  usual  (as 
any  Ijright  background  appears  red  behind  a  cloudy  medium — e.  g.,  the  ri&inff 
sun  on  a  cloudy  morning).  With  very  dense  o|kacities.  nothing  is  got  with  the 
oplithtilniosfopc  but  a  feeble  rod  reflection  from  the  pupil,  or  the  latter  may 
even  he  pcrfertly  dark. 

A  partifuliir  variety  of  opacities  of  the  vitreous  is  formed  by  eholimtmn  cry»- 
talt.  Their  smooth  «urfacc«  reflect  the  light  so  strongly  that  when  seen  with 
the  ophthtilmo»co|K'  they  look  like  golden  spanglej*  floating  about  in  the  vitre- 
ous, or  like  a  shower  of  gold  falling  to  the  Iwftom  (w/WiiVm  »rinUllan»).  These 
crystals  are  sometimes  found  in  eyes  that  are  otherwise  healthy  (especially  in 
elderly  people),  without  causing  any  essential  disturbance  of  vision. 

Opacitif'.'*  of  tlie  \ntTCOtis  are  exudates  which,  so  fur  a.s  they  do  not  undei^^ 
rosorptiuu,  twcotne  organized  iuto  mKinbnuiiis,  cords,  or  even  prettv  large  mnsirw 
of  connective  tissue.  In  tliia  way  a  new  formation  of  blood-vessels  may  even 
take  place,  which  nm  from  the  retinal  vessels  into  the  vitreous,  and  can  be  aj»- 
preciated  there  by  means  of  the  o|>hthalm<wcoj>e.  Exudates  in  the  vitreous  do 
not  originute  in  the  tatter  itself,  but  from  an  inflanrmation  of  the  membrawca 
(uvea  and  retin.-t)  surrnuiKling  it.  The  disturbance  of  vif<i()n  which  ii*  «ct  up  by 
a  recent  cyclitis,  cliorioiditLs,  or  retinitis,  is  in  large  part  attrilHitable  to  the 
opacity  of  the  vitreous,  which  c.xi.«itrt  tit  tlio  same  time.  Primary  inllammation 
(hyalitls)  of  the  vitreous,  which  iiwt  only  is  devoid  of  vessels,  but  also  contains 
scarcely  any  cellular  elements,  can  be  assumed  to  exist  in  only  a  very  few  cases 
— e.  g.,  when  a  .small  foreign  body  is  situated  in  the  midst  of  the  vitreous,  and 
there  becomes  the  center  of  a  focus  of  tnflamniution. 

Opacities  also  form  a.s  the  result  of  lurmorrhngM  into  the  vitreous.  These 
occur  after  injurics  and  also  spontaueously  in  chorioiditis,  retinitis,  and  myopia 
of  high  degree,  and,  furthemiore,  are  not  infrequent  iu  old  j)eoplc  with  atbe- 
romatoua  vessels.  Sometimes,  too,  in  eyes  which  are  otherwise  healthy  hsmor- 
rbages  into  the  vitre«)us  are  observed,  vvliirh  app<yir  sjM>ntaneous!y,  recur  repeat- 
edly, and  permeate  the  vitreous  so  thoroughly  that  even  ijuuntitative  |>eroeption 
of  light  is  abrogated.  This  affection  is  observed  chiefly  in  young  men,  some- 
times in  conjunction  with  frequent  attacks  of  epistaxis.  A  cause  for  the  re- 
peated hsmorrhages  is  usually  not  discoverable.     If  the  bosmorrha^s  recur 
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frequently,  the  vitreoua  never  clears  up  again  perfectly,  but  masscR  of  connective 
tissue  ultimately  form  in  it,  so  tliut  the  sight  remains  aerioualy  &nd  permanently 
jtfft'ctcd. 

The  diaturbunce  of  vision  caused  by  opacities  of  tlvu  vitreous  is  ref^Iated  Iiy 
their  total  iiniouiit.  Isolated  flocciili  in  the  vilreuu»  nmy  coexist  with  nor- 
mal visual  acuity.  Whun  the  «[mcities  are  numerous,  th«  statement  la  often 
made  by  the  ptiticnts  that  their  »tglit  »«howä  ^reat  variatiunü  within  nhorl  period!« 
of  time.  This  fact  ia  also  noticed  when  test»  of  the  vision  are  made.  While  at 
first  the  patient,  when  placed  before  the  card  with  the  test-types,  doea  not 
begin  to  see  the  larfje  letters,  he  can  »oinetinies  distinfruish  even  the  small  let- 
ter» aftt-r  hv  hiw  had  hb  ^ze  fixed  ujion  them  for  a  pretty  long  lime.  Then  nil 
at  once  he  iwes  much  worse  again.  Thia  comes  from  the  mobility  of  the  ojrnci- 
ties,  which,  when  the  gaze  18  kept  steadily  fl.xed  for  a  long  time,  sink  to  the 
bottom  of  the  vitreous,  so  that  the  central  portions  of  the  lutter  become  clear; 
then  any  great  movement  of  the  eye  stirs  them  up  again. 

Tho  entuitxi  occurring  in  the  vitreous  are  the  Filaria  oculi  humani  and  the 
Cysticercus  cellulosm.  Of  the  former  hut  v^-ry  few  cu.'^es  have  so  far  hecii  known. 
The  njHtirercm,  too.  ia  not  fretpient;  while  in  pome  countries,  es|)ecially  in  North 
Germany,  it  is  [»retty  often  seen,  in  others,  like  Austria,*  it  is  an  extremely  nire 
tiling  for  it  to  he  oh^ierved.  The  cyHticcreu«  i»  the  scolex  of  the  Twenia  Solium. 
For  a  patient  to  acquire  a  cynticert^us,  the  eggs  of  the  trenia  must  have  got  into 
his  stomach.  Thi.s  may  take  place  from  the  fact  that  the  patient  himself  har- 
bors a  tttjnia,  joints  of  which  tind  their  way  into  his  stomach.  Ilere  they  are 
digested  and  the  eggs  contained  in  them  set  free.  Most  patient«,  however, 
who  suffer  from  the  pres<'nco  of  a  cyfltic<TCU.H  do  not  have  a  trenia  themselves. 
Hence,  the  eggs  of  the  tasnia  must  get  into  the  stomcfh  from  outside  ahjng  with 
the  food  (and  most  frequently  with  the  drinking-water).  In  the  stomneh  em- 
bryos develo]»  from  the  eggs,  having  hooklet-s  by  means  of  which  they  pene- 
trate the  stomach- walls  and  get  into  tlic  blood-ves.sels.  The  blood-current 
then  carries  Hiem  into  dilTerent  parts  of  the  body,  where  they  again  leave  the 
vessels,  bore  into  the  tis.<ueH,  and  there  grow  into  cysticerct.  In  tho  eye  the 
Cysticercus  first  develo]i.'i  lHrne.il  h  the  retina,  detaching  it  from  the  chorioid. 
When  it  has  reached  a  certain  size  it  perforates  the  retina  and  gets  into  the 
vilretuis;  but  it  may  also  enter  the  vitreoua  directly  (from  the  blood-vessels  of 
the  chorioidi). 


*  [And  America. — D.J 


CHAPTER  X. 
DISEASES  or  THE  RETINA. 

Ax  ATOMY   A  KD   PlITSIOLOOY. 

96.  The  retina  is  a  thin  membrane  which  iu  the  living  eye  is  per- 
fectly transparent  and  of  a  purplish-red  color.  This  latter  depends 
upon  the  visuul  purple  contuined  in  the  rods  (Boll).  After  death  the 
retina  tjccomes  very  rapidly  opaque,  and,  as  at  the  same  time  the  visual 
purple  is  bleached  out  under  the  influence  of  light,  the  retina  in  the 
eyo  of  a  cadaver  appears  under  the  form  of  a  white,  very  frail  mem- 
brane. In  the  living  retina,  too,  pathological  changes  manifest  them- 
selves at  once  by  a  loss  of  transparency,  just  as  is  also  the  case  with  the 
other  transparent  tissues  like  the  cornea,  lens,  and  vitreous.  Thanks  to 
this  property,  we  discover  even  minute  alterations  in  these  organs  very 
early. 

There  are  two  points  that  are  particularly  prominent  in  the  retina 
when  in  situ.  One  is  a  small  white  disk,  which  liea  to  the  inner  side  of 
the  posterior  pole  of  the  eye,  and  from  which  the  vessels  of  the  retina 
emanate;  this  is  the  point  of  entrance  or  head  of  the  optic  nerve,  the 
pitpUhi  nervi  optiri.  The  second  spot  occupies  precisely  the  posterior 
pole  of  the  eye,  and  is  distinguished  by  its  delicate  yellow  color.  It  is 
hence  called  the  yellow  spot,  the  macnhi  lu/ca.  In  its  center  is  found 
a  small  depression,  the  fovea  of  the  retina,  or  form  centralis  (/,  Fig. 
4H).  If  we  try  to  lift  the  retina  from  the  subjiicent  ehorioid  by  means 
of  a  forceps,  we  see  that  it  is  connected  with  its  bed  only  at  two  places. 
(Mie  of  these  is  the  head  of  the  optic  nerve,  the  other  is  the  anterior 
border  of  the  retina.  The  latter  is  formed  by  a  zigzag  line,  and  hence 
bears  the  name  of  the  ora  serrdta  (o  o,  Fig.  4S).  The  same  line  also 
corresponds  to  the  boundary  between  the  ehorioid  and  ciliary  l>ody,, 
and  extends  farther  forward  on  the  nasal  than  on  the  temporal  gidi 
Excejit  at  the  two  spots  just  named,  the  retina  everywhere  simply  lie«' 
upon  the  ehorioid  without  being  attached  to  it. 

A  histological  examination  of  the  retina  shows  that  it  arises  from 
the  optic  nerve,  the  fibers  of  which  spread  out  in  all  directions  and 
form  the  innermost  layer  of  the  retina,  the  fiber-layer.  From  this  lat- 
ter the  fibers  pass  through  the  different  layers  of  the  retina  as  far  as  its 
ternal  surfivce,  where  they  end  in  the  rods  and  cones.    The  stratum 
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of  rods  and  cones,  therefore,  being  the  termination  of  the  optic-nerve 
fibers,  is  the  light-percei\ing  layer  of  the  retina.  In  order  thiit  the 
rays  of  light  should  get  to  it,  they  must  pafls  through  all  tlie  other  Isiy- 
ers,  which  are  placed  in  front  of  it.  Vision,  therefore,  can  be  perfect 
only  when  these  layers  are  absolutely  tmusparent,  so  that  light  under- 
goes regular  refraction  on  its  way  to  the  most  posterior  (most  external) 
layers.  All  opacities  of  the  retina  consequently  affect  the  sight,  even 
though  the  terminal  percipient  elements  may  be  perfectly  healthy. 

With  regard  to  the  minute  structure  of  the  retina,  which  is  very 
complicated,  reference  must  be  made  to  the  text-books  of  anatomy  and 
histology.  It  need  only  be  mentioned  here  tliat  the  retina  is  composed 
of  two  kinds  of  tissue,  the  nervous  tissue  and  the  supporting  tissue. 
The  function  of  the  latter  is  to  maintain  and  support  the  extremely 
delicate  nervous  tissue  in  the  proper  position.  The  I'elative  proportion 
of  the  two  tissues  changes  in  inflammation  and  particularly  in  atrophy 
of  the  retina,  the  nervous  elements  being  destroyed  while  the  supjiort- 
ing  tissue  becomes  increased  in  quantity,  so  that  the  retina  ultimately 
consists  entirely  of  the  latter. 

The  dejtression  at  the  site  of  the  fovea  centralis  arises  from  a  thin- 
ning of  the  retina,  the  inner  layers  of  the  latter  being  here  entirely  ab- 
sent. Furthermore,  the  retinal  fovea  is  also  distinguished  by  the  fact 
that  the  most  external  layer  here  and  also  in  the  entire  region  of  the 
yellow  spot  consists  only  of  cones.  The  rods  do  not  begin  until  at  the 
border  of  the  macula  lutea,  and  as  we  pas«  toward  the  ora  serrata,  grow 
more  and  more  numerous,  while  the  number  of  cones  diminishes  in  like 
proportion. 

Tlie  membrane  here  described — the  retina,  in  the  narrower  sense  of 
the  word — develops  from  the  inner  layer  of  the  secondary  ophthalmic 
vesicle  (page  2G5  and  Fig.  55  ß,  r).  From  the  outer  layer  of  the  vesicle 
(Fig.  55  ]))  is  developed  the  jugment-epitholium  (page  2-iG),  which 
therefore  must,  on  embryological  grounds,  be  counted  in  with  the  retina 
(in  the  wider  sense  of  the  term).  It  lies  upon  the  chorioid  at  the  outer 
side  of  the  retina,  and,  because  it  remains  behind  when  the  retina  is  re- 
moved from  the  chorioid,  was  formerly  regarded  as  belonging  to  the 
latter.  The  connection  between  the  retina  and  pigment-epithelium 
consists  in  the  fact  that  the  cells  of  the  latter  send  minute  ciliform  pro- 
cesses in  between  the  rods  and  cones ;  in  these  processes  lie  the  minute 
crystals  of  the  brown  retinal  pigment. 

The  cessation  of  the  retina  at  the  ora  serrata  is  apparent  only ;  the 
microscope  shows  that  under  a  simpler  form  it  extends  still  farther, 
even  up  to  the  edge  of  the  pupil.  It  therefore  lines  the  inner  surface 
of  the  ciliary  body  and  the  posterior  surface  of  the  iris.  The  portion 
of  the  retina  lying  upon  the  ciliary  body  is  called  the  pars  ciliaris  re- 
tinae. In  the  area  occupied  by  this  portion,  the  external  layer  of  the 
retina,  or  pigment-epithelium  (Fig.  47,  ^f),  is  more  darkly  pigmented, 
29 
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so  that  this  division  of  the  interior  of  the  eye  is  characterized  by  a 
ticularly  dark  color  {ot\  Fig.  48).  The  inner  layer  of  the  retina — 11 
continuation  of  the  retina,  in  the  narrower  sense  of  the  word — is  here 
reduced  to  a  single  stratum  of  cylindrical  cells  {pc.  Fig.  47).  At  the 
spot  where  the  two  layers  of  the  retina  ]nis.s  over  upon  the  iris,  the  dif- 
ference between  them  becomes  even  less  marked  than  before,  since  now 
the  cells  of  the  inner  layer  too  are  filled  with  pigment-granules.  Thus 
the  two  layers  in  conjunction  form  a  uniformly  pigmented  stratum, 
which,  as  tiic  pars  iridicn  retin.T  (retinal  pigment-layer  of  the  iris), 
covers  the  posterior  surface  of  the  iris  up  to  the  margin  of  the  pupil, 
abont  which  the  two  layers  turn  and  then  unite  (see  page  237). 

The  retina  has  its  own  system  of  blood- vessels,  which  is  almost 
entirely  separate  from  the  adjoining  system  of  ciliary  vessels.  It  is 
formed  by  an  expansion  of  the  artoria  and  vena  centralis  nervi  optici, 
whieh  break  up  into  branches  in  the  optic  papilla.  These  branches 
subdivide  in  the  retina  as  far  as  the  ora  serrata  without  anastomosiog^ 
together  (see  Fig.  53,  a,  ^f„  aiul  6,  A, ;  Fig.  5  represents  the  branching  of 
vessels  in  the  retina  as  seen  with  the  ojjhthalmoscope).  At  the  papilla 
alone,  minute  communications  exist  between  the  retinal  and  the  ciliary 
vessels  (see  page  Sö'i).  The  retinal  arteries  are  hence  to  be  regarded  as 
terminal  arteries  (Cnhulieini),  Consequently,  disturbances  of  circula- 
tion in  the  retina,  arising  from  contraction  or  plugging  of  a  vessel,  can 
not  be  compensated  for  by  means  of  a  collateral  circulation. 

Within  the  rctitia,  the  vessels  lie  only  in  the  inner  layers,  so  that 
the  external  layers  of  the  retina  are  non-vascular,  and  are  hence  in  part 
dependent  for  their  nutrition  upon  the  neighboring  chorio-capilhiris. 
This  is  particularly  true  of  the  fovea  centralis,  within  the  confines  of 
which  the  retina  contains  no  vessels  at  all. 

FunotlOQ  of  the  Retina.— The  objects  of  the  outer  world  throw  their 
images  upon  tlio  retina.  It  is  the  function  of  the  latter  to  convert  the 
rays  of  light,  of  which  the  images  are  composed,  into  nervous  stimuli. 
What  takes  place,  accordingly,  is  a  transformation  of  one  .sort  of  motion 
— the  vibrations  of  the  luminous  ether — into  another,  namely  nervous 
excitation.  This  is  without  doubt  simply  another  sort  of  motion  of 
such  a  nature  as  to  be  transmissible  within  the  nerve-fibers  to  the  brain, 
u  property  which  is  not  possessed  by  the  vibrations  of  the  luminous 
ether.  The  place  in  which  the  conversion  of  luminous  vibrations  into 
nerve-excitation  occurs  is  the  rods  and  cones.  In  what  way  this  con- 
version takes  place  is  not  known,  but  we  do  know  that  a  part  of  the 
vis  viva,  which  the  luminous  vibrations  represent,  is  used  up  in  the  pro- 
duction of  chemical  and  physical  changes,  which  we  are  able  to  follow. 
The  chemical  changes  consist  in  the  transformation  of  the  visual  pur- 
ple, contained  in  the  rods  and  which  was  discovered  by  Roll,  into  a 
colorless  substance  by  the  action  of  light  (Kühne).  It  is  very  probable 
that  besides  the  visual  purple  still  other  "visual  substances" — i.  e., 
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Bubstances  which  undergo  chemical  changes  under  the  influence  of 
light — exist  in  the  retina,  but  that  such  changes  are  not  accompanied 
by  alterations  of  color,  and  liuvc  accordingly  thus  far  escaped  discovery. 
The  physical  changes  partly  consist  in  an  increase  in  the  strength  of 
tlie  electric  current  which  nor>nalIy  passes  from  the  retina  to  the  brain 
(Ilolingrcn),  partly  are  motile  plienomena  of  a  less  subtle  sort,  which 
we  perceive  both  in  the  cells  of  the  pigment-e]>itlielium  and  in  the  rods 
and  cones.  In  the  cells  of  the  pigmeut-epithülium,  the  pigment-gran- 
iilos,  when  the  eye  is  in  the  dark — that  is,  in  a  condition  of  rest — lie  in 
the  most  posterior  part  of  the  cell  close  to  the  nucleus ;  bnt  if  light 
impinges  upon  the  retina,  these  granules  push  their  way  forward  into 
the  ciliform  processes  which  extend  between  the  rods  and  cones.  In 
the  rods  and  cones  themselves,  a  process  of  contraction  combined  with 
shortening  takes  place  under  the  influence  of  light. 

The  j)art  of  the  retina  that  is  the  most  completely  equipped  for 
vision  is  the  fovea  centralis.  Within  it  the  terminal  elements,  which 
liere  are  exclusively  cones,  are  more  densely  set  than  in  any  other  por- 
tion of  the  retina.  Each  one  of  them  here  has  jvrobably  a  epecial  nerve- 
fiber  all  to  itself,  which  connects  it  with  the  brain,  while  in  the  pe- 
ripheral parts  of  the  retina  it  is  always  the  case  that  several  terminal 
organs  are  conjointly  continnons  with  one  single  nerve-fiber.  Thus  the 
fovea  centralis  becomes  that  part  of  the  retina  which  has  the  most  deli- 
cate perception.  And  so,  when  we  wish  to  got  an  exact  perception  of 
an  object,  we  place  our  eyes  in  such  a  position  that  the  imago  falls  upon 
the  fo>ea;  we  " fix"  the  object. 


I.  Inflammation  op  the  Retina. 

97.  The  retina  in  often  the  seat  of  disturbances  of  circulation,  such 
as  anwmia  and  hyperaimia,  which  latter  frequently  gives  rise  to  haemor- 
rhages into  it.  The  most  extreme  degrees  of  disturbance  of  circulation 
occur  in  consequence  of  embolism  of  the  central  artery  and  thrombosis 
of  the  central  vein.     In  both  cases  the  affected  eye  is  made  blind. 

fnßammation  of  the  retina  (retinitis)  is  characterized  first  of  all  by 
a  diffused  cloudiness  of  the  organ.  The  cloudinesa  varies  very  greatly 
in  intensity,  although  in  general  it  is  greatest  in  the  vicinity  of  the  pa- 
pilla, because  here  the  retina  is  thickest.  Consequently,  the  ontlines  of 
the  papilla  become  indistinct  and  the  vessels  in  the  retina  hazy.  In 
addition,  circumscribed  exudates  occur  in  the  retina,  usually  under  the 
form  of  brilliant-white,  sharply  defined  maculje.  Retinitis  is  always 
associated  with  hypenemia  of  the  retina,  evidenced  by  distention  and 
tortuosity  ol  llie  vessels,  and  often  also  by  extravasations  of  blood.  By 
the  passage  of  the  exudate  from  the  retina  into  the  vitreous,  opacities 
of  the  latter  organ  are  produced. 

The  function  of  the  rotina  is  impaired  in  proportion  to  the  intensity 
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■ad  extent  at  the  ffiflwmwtica. .  In  tW  ]%htart  owb  tiaoa  ^mt  be 
Bomttl,  so  thai  the  plants  roMjJ«ii  mmftj  of  tiie  foaeaoe  «f  a  l^O- 
oolorai  dood  bdbre  tiMir  cja.  Bat  ftir  the  moat  put  thmb  w  v«ij 
ooQsidcfaUy  ndneai,  both  faeeaoK  «f  the  **Migp*  |n  the  icti^  itaritf^ 
and  beenw  of  the  eoconipeimag  aputka  in  the  vitreoaa.  Cnva». 
scribed  exodatea  eaaae  fixed  «cotomaU  in  the  field  of  Tiaoo. 

The  oooiae  «f  lednitia  ie  aiwBfi  pretty  rinoiih.  It  ia  onlj  in  the 
Ughteat  OMBC  that  the  iiillaiia>kwi  Attm  gampletrfj  vithta  a  fev 
weeka,  and  thai  the  n—l  acvity  maj  oaoe  iKiee  baoaae  per&etl j  nor- 
maL  Bot  for  the  moat  pert  it  feakea  wfeeal  mentha  for  aO  the  infam- 
ntatonriTBiploaa  to  dia^year  &«B  die  xetina,  «hue  the  flight  reoMitta 
penBUMatij  ia^eirad.  Sefereaiid,awwrpaTtin»hriy,recBynBni  inlhm. 
watioiw  of  the  retina  lead  to  atrophy  of  it,  ptgaeatatkm 
occomn^  at  tb«  saoM  time  (threofh  nügratioo  of  pegment  from 
p<gawDt^thdinw)>  When  atnphy  of  the  ntian  haa  on 
«ppenianne,  the  «ight  is  alwnyeaheiWiwI,  either  conqdelelT  or  allexc 
a  small  remnant,  and  its  ii,a<watiMi  ia  no  loader  poaablr. 

In  the  «fMhnr  of  lecinitii»  feoecal  aflsetMoa  pby  the  pnQci^ 
Betinitia  appears  bnt  xarety  aa  a  local  fcaion,  »oat  oltai  as  the  igrnil 
of  an  internal  disaaee»  which  ia  oAeft  firH  diaeoforpd  hy  «nans  of  it 
In  soeh  easea  the  Infiammatioa  of  the  ntina  is  nsnaOy  bOatenL  Ac- 
eoiding  to  thair  edokgy,  the  foUoving  varietieB  of  rttinitia  are  dls- 
tingtüsbfd: 

1.  Rtiimiii*  ABmmMmmrum.—Thh  oAen  gina  aneh  a  eharartenatio, 
picture  that  fitMn  it  alone  the  diagooa»  of  alboauanna  can  be  mad« 
The  Okost  ehanctertstie  appeannee  ia  a  sort  of  lieOate  oovn  which 
oompoaed  of  brilliant>white  apota  and  haa  the  aacnla  Intea  as  its  ocn^l 
tral  point.  KTrry  form  of  kidnorndiseaee  which  resolts  in  albuminaria 
nMv  be  romplioated  with  retinitis  bot  the  one  most  freqoentiy  so  oom- 
]>licated  is  the  ntrophio  kidncj.  The  Tiolenoe  of  the  retinitis  bears 
f]  \.  1  proporti<Hi  to  the  intensity  of  the  kidney-disease  nor  to  the  qnan- 
t  i:  \  id  albamin  in  the  ttritt<^.  The  tike  is  tnie  of  the  sobseqaent  oonrse ; 
thtf  rotinitia  mav  inipi\>v«  while  the  kaion  of  the  kidnev  increases,  or 
vice  rersa. 

9.  KHimiiis  Ltmmmiau — la  leokiMiiüi  a  striking  pbenomenoo  be^ 

»Livll^«  tho  «Trnptoms  of  rrtiniti»  is  the  ligbt-jvllow  color  of  the  fondoa 

]\  in  tho  ttorauU  cTt^  is  rvd.    This  is  oaaaed  by  the  lighter  color 

u>  liHtkiMnic  blood  which  rireolates  in  the  tobbbIi  of  the  cho- 

rioi.l. 

:t.  /;.' '--'-'  *itMim  is  a  pnt^  rare  ooaplicaüon  of  diabetes  (thus 
4tlT«'ni\>;  •  to  Cataracta  diabetica,  which  ao  fre(|aeotly  aceooK 

ivtiiit^«  «Uaboloi)»    Betinitia  has  also  beca  observed  sevenl  times  in 

oxiiltiria. 

4.   AWtailM  Sjf^iiiiira.-~Srfhü»  is  on«  of  the  most  freqoent 
v<KM«*«  of  infhMUMllioa  of  the  rrtina.    Svphilitic  retinitis  oocors  both 
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alone  and  also  very  frequently  in  conjunction  with  a  syphilitic  iritis. 
It  affords  a  good  prognosis,  in  so  far  that  it  is  very  amenable  to  an  ener- 
getic anti-syphilitic  troatment.  But  yet  it  displays  a  very  great  tend- 
ency to  recur,  so  that  in  many  cases,  in  spite  of  proper  treatment, 
partial  or  complete  blindness  supervenes. 

5.  Retinitis  Hteinorrhtujica. — By  this  is  meant  a  form  of  retinitis 
which  is  associated  witit  very  abundant  hn^morrhages  into  the  retina, 
and  is  probably  referable  to  an  affection  of  the  retinal  vessels.  It  fre- 
quently becomes  complicated  later  on  with  glaucoma  (glaucoma  hcemor- 
rhagicum;  see  page  y 59). 

C.  Ih'tinilis  IdiopntUica. — Under  this  name  are  grouped  all  those 
case«  of  retinitis  which  either  have  a  purely  local  cause  (e.  g.,  dazzling 
by  excess  of  light)  or  o6cur  without  known  cause.  There  is  no  doubt 
that  many  of  these  cases  will  by  and  by  show  themselves  to  bo  among 
those  which  are  caused  by  a  disease  in  some  other  part  of  the  body. 

The  treatment  rniMi  be  directed  both  against  the  causal  lesion  and 
against  the  local  affection  of  the  retina  as  well.  The  first  indication  is 
most  readily  fulfilled  in  cases  of  syphilitic  retinitis,  where  an  energetic 
treatment  by  inunction  in  most  cases  results  in  rapid  improvement. 
The  symptomatic  treatment  consists  in  the  prevention  of  all  injury  to 
the  eye  by  keeping  the  patient  from  any  kind  of  work  and  by  protect- 
ing the  eye  from  too  bright  light  either  through  the  use  of  dark  glasses 
or  in  severe  cases  by  confinement  in  a  darkened  room,  Wlien  tlie  over- 
distention  of  the  retina  with  blood  is  very  great,  blood-letting  in  the 
region  of  the  mjistoid  process  is  indicated  (see  page  318),  To  combat 
the  inflammation,  and  also  to  cause  resorption  of  the  exudate  and  res- 
toration of  the  transparency  of  the  vitreous,  mercury,  potassium  iodide 
(both  remedies  being  used  in  non-syphilitic  as  well  as  in  syphilitic 
cases),  saline  purgatives,  and  diaphoretic  treatment  are  employed. 

Before  wc  go  more  minutely  into  the  subject  of  pathologioiil  changpp  in  the 
retina,  wc  must  make  ourselves  acquMinteil  with  a  congcnitul  anomiily  wliicli  by 
the  inexperienced  is  freqviently  conitidored  pnthological.  This  is  the  pre»mee 
of  meilullatrd  rtfrre-jiber»  in  the  fiber- layer  of  the  retinn.  The  normal  ntina  is 
perfectly  transparent,  bccaase  the  optic-nerve  fil)er8  lose  their  medullary  sub- 
stoacc  before  passing  through  the  laminiÄ  cribrt)sa,  and  hence  when  inside  of 
the  retina  itself  are  transparent;  but  in  exceptional  cases  after  pussinjir  through 
the  lamina  cribrosa  they  regain  their  medulhiry  substance  through  more  or  less 
of  their  extent,  (In  many  animiils — p.  g.,  in  rabbit» — this  is  the  ni]o.)  Since 
the  QieduUatcd  filwrs  are  opaiiue.  tlier»?  is  found  in  these  places  a  brilHiint-white 
spot  which  terminates  at  the  edge  of  the  papilla  and  splits  up  at  the  periphery 
into  white  tibers,  so  as  to  have  a.  Hame-like  look.  The  retinal  vessels  are  in 
places  covered  by  the  mas.scd  of  white  fibers. 

Jlyperamla  of  tlie  retina  may  be  cither  of  arterial  or  of  venous  nature.  The 
former  accompanies  all  inflammations  of  the  retina  and  also  of  the.  neighboring 
tissues,  particularly  the  uvea,  and  is  charncterized  by  u  quite  pronounced  dis- 
tention and  tortuosity  of  the  arteriea.     Venous  hyperremia  manifests  itself  by 
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dilaUtiaB  and  gmt  tortuosit;  of  the  Teina,  while  the  arteriea  «re  often  thimwr 
tltta  onaL  It  »  produced  bj  congestion  ic  the  veins  consequent  opon  their 
CgaapwiioB.  The  eompRanoa  is  hkmUj  located  in  the  opdc  papill«,  aa  in  the 
caae  of  glanooaa,  where  the  tnctvaaed  intra-ocular  tenäon  aqueexes  the  reins  into 
the  excarsted  paptUa,  or  in  the  ose  of  optic  neuritis,  is  vhirh  the  sveUiog  of 
the  papilla  ooapnaaes  the  veins.  Venous  bvperctnta  also  occun  as  oee  of  the 
ajmplöas  of  a  general  venous  congestion,  particularly  in  diseaeea  of  the  heart. 

Ii;jpei«aiia  of  the  icciaia  leads  to  the  prodoction  of  kamurriofa  into  ita 
tidMtnMe.  KilmMliixin  of  blood  into  the  retina  are  fieqnetitly  fianiid  on  ex* 
«BiwUiOB,aBdooonr  ia  an  aorta  of  flies  and  shapea.  EztmvantioiMdtBsledJ 
tha  flber-toyer  of  the  retina  hare  striate  or  fiamc-like  diapea»  beeauae  the  < 
blood  sproads  aloog  the  tbtn.  HMnonfaages  sitoated  in  the  deeper  lajren 
the  rvtina  or  between  it  and  the  cborioid  are  of  rounded  or  irr^^nlar  ahat 
The  extravasations  are  most  frequently  located  in  the  netghborhood  of  the ! 
vascular  trunks.     The  caans  of  retinal  hsmorrhages  are — 

1.  Oeneral  fragility  of  the  walls  of  the  veaaela.    This  is  found  very  fre. 
odta tlj  ^  <^  people  with  atheromatous  veaada,  particularly  if  tlxry  haw 
hoMtttnltwi  at  tha  aame  time.     In  sodi  caaea  die  retinsd  tuemurrfaagee  are 
taflv«|ueat)y  the  prrconors  of  cerebral  apoplexy. 

t.  Local  diwaae  of  the  retinal  vessels  or  of  the  adjacent  veaaeb  of  tl.c 
ehortoid.  Under  this  head  must  be  reckoited  those  hcmorrliagea  which  cx<cur 
•o  frequently  la  exeeasi»ely  myopic  eyes  in  the  region  of  the  yellow  spot.  With 
the  oecarraaee  of  anch  a  h«morrhage  central  vision  is  often  pennanently  de- 

«tt^'jrtd. 

k  Orardbteotina  of  the  bktod-Teaaek  by  circulatory  distwhaacea,  toch  as 
at'tiw  and  pa«iv«  tjfttmt^  of  the  retina  and  emboHsm  of  the  central  arter 
or  ihnMaboKiia  <kf  tha  oantial  rein  or  of  their  braachea.  In  nen-bom  infaotal 
tfVltnal  hwinovrhiagva  are  fm^ueoily  found  as  a  consequence  of  the  distorbanoes| 
«I  citntlation  which  cccur  within  a  child's  skull  during  the  act  of  Inrtli.  In 
iM«  ealafr>ry,  fiirthrmorr,  belong  the  retinal  hsmorrfaagea  which  very  fre- 
)ke  plaoo  in  glaaoomato»  eyaa  as  a  leaalt  of  iridectomy.  Moreover, 
t  i,-4  of  ratlnal  haNMfriu^  adduced  oader  the  next  head  may  in  put 

t«e  iNkuaad  bjr  alopiMC*  ^  ^^  smallar  vmmIi    e.  g.,  the  hcmonrfa^^  in  aepsia^j 
1^  «i4t«b«ti  eompoMd  of  UMaaaa  of  tmgL 

4,  An  atlert^l  chanetar  of  tha  blood  mukiqg  ita  inflneoce  felt  upon  the 

««Its  of  the  vemeK     rndar  thia  head  bdoug  iMiaal  hjemacihagea  in  extreme 

mifmV»  ivoiioulariy  In  pecmidow  aamwia,  ia  knloemia,  «curvy,  purpura,  irp- 

.  V.  diitbetc^s  tucalorla,  loAcnuttaat  fever,  rrlapri^g  fever,  potso»-^ 

^  MN  rxti^nAi^t^  bmua  of  tha  aka,  dc 

,.,iM'«^f«l'  -  due  to  tmma«. 

Ii «  n\.Mi(--  rxworptiou  TttJ  slowly,  rrqairisg  weeks  and 

which  I  her  »re  tntftimüj  «et«  to  fake  oai  a  white  eolar.     They 

^^«r«r  wilhi'tut  leavii^f  a  tnce  of  tbör  pscaeaoe  or  they  leave  de- 

^,  rarely  |Mpm«tad,  spots  in  the  foados.     Whether  a  aootooia 

v<!t«4  apQl  or  not  depcuda  UfMm  the  degree  to  wluch  tha  1 

.lad  tha  thwM  of  the  luliML 

^  lyUMvtf'W'iHifVf  waatntobawredby  VooOtaaCe.   Thepatient 

..,„.,  f  tkWdiawxIer  by  aaddaa  and  coaaplctebliadaeaaiwhidi  appears 

),  «t\v  .4'Ul«^li«tt  of  Ik*  aiteqr.    IT  t— aitiali^y  aOcnrard  an  ex- 

. .  ,...,.).  .« iOi  thi>  iti^hlhahaoacopc  tha  a%aa  of  an  exttene  arterial 
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anartnia  of  the  retina  are  found.  Tlie  larger  arteries  arc  narrowed  down  to  thin 
fllameuts,  the  smaller  ones  have  become  invisil>le.  The  veins,  on  the  other 
hand,  ore  not  markedly  contracted  except  upou  the  papilla  itself;  the  latter 
appears  paler.  Within  u  short  time,  oft«n  withia  a  few  hours,  the  retina,  be- 
coming dead,  loses  its  transparency.  It  becomes  of  an  opaque  milky  while, 
most  markedly  so  in  the  vicinity  of  the  papilla  and  also  within  tlie  confines  of 
the  yellow  spot.  At  a  point  corresponding  to  the  latter  a  vivid  red  i<j)ot  Btandt» 
out  upon  the  cloudy-white  background.  There  has  been  much  discuäitioa  us  tc» 
whether  this  i»  a  hiemorrhagc,  or  ia  caused  by  the  fact  that  in  the  region  of  the 
fovea  centralis  the  red  chorioid  is  seen  through  the  clouded  retina  because  the 
latter  is  thinnest  in  this  spot — the  red  of  the  chorioid  being  supposed  to  appear 
particularly  pronounced  from  controi^t  with  the  clouded  white  tissues  surrouiid 
ing  it.  I  have  repeatedly  convinced  myself  that  both  explanations  arc  true.  I 
saw  this  particularly  well  marked  in  one  case  in  which  several  bright-red  recent 
hsemorrhageä  were  placed  alongside  of  the  dark-red  spot  that  was  due  to  the 
effect  of  contrast. 

Later  on,  tlie  cloudiness  of  the  retina  vanishes;  it  regains  its  tronsjiarency, 
but  becomes  perfectly  atrophic.  The  optic  papilla  has  grown  whiter,  the  blood- 
vessels both  upon  the  papilla  and  in  the  retina  arc  few,  thin,  and  filamentous. 
The  blindness  jiersists  and  is  permanent. 

Instead  of  affecting  the  central  artery,  the  embolism  may  affect  only  a  branch 
of  it.  In  tlmt  case  the  visible  alterations  are  limited  to  that  portion  of  the 
retina  which  draw.s  its  blood -«upjily  from  the  oblileruted  vessel.  The  blindness, 
loo,  corresponds  then  simply  to  the  part  of  the  retina  that  is  diseased — that  is, 
appears  under  the  form  of  a  defect  iu  the  vij>ual  ßeld,  one  half  of  the  latter  or  tt 
sector  of  it  l>eing  destroyed. 

Embolism  occurs  in  all  those  disorders  which  give  rise  to  the  entrance  of 
clots  into  the  circulation,  and  rao$t  of  all  in  affections  of  the  heart.  The  possi- 
bility of  a  cure  exists  only  in  very  receut  cases,  before  the  death  of  the  retina 
has  taken  place.  The  retina  might  I  lieu  regain  its  function  if  we  could  succeed 
in  restoring  the  circulation  in  it.  The  only  way  in  which  this  can  be  accom- 
plished is  for  us  to  try  to  drive  the  |)lug  lodged  in  the  central  artery  on  into  it« 
smnljer  branche.«,  where  it  will  do  less  harm.  With  this  object  in  view,  we 
evaciuite  the  afpieoiia  by  paracentesis  of  the  cornea.  In  consequence  of  the 
sudden  diminution  of  intra-ocular  tension  thu.s  produced,  the  blood  tends  to 
flow  into  the  eye  in  increased  quantity,  and  may  thus  push  the  embolus  forward 
if  it  is  not  too  tightly  Uxed  in  its  position.  In  addition,  we  try  to  favor  the 
washing  away  of  the  embolus  by  jK'rforming  massage  of  the  eye.  In  this  way 
it  has  been  possible  to  restore  the  circulation  in  the  retina,  and  with  it  the  sight 
in  some  few  cases,  in  which  the  lesion  wa.«»  still  very  recent. 

What  is  known  clinically  under  the  name  of  embolism  of  (he  retinal  arteries 
corresponds  to  those  cases  in  wliich  there  are  no  infected  emboli  in  question; 
hence,  no  inflammation  occurs,  but  only  the  results  of  the  mechanical  cutting  off 
of  the  bloodsupply.  The  retina,  being  no  longer  nourislud.  dimply  dies.  It 
does  nut  indeed  become  necrotic,  because  it  stSU  obtains  a  supply  of  nourish- 
ment from  the  adjacent  chorio-capillaris  of  the  chorioid,  although  this  doe»  not 
suffice  to  keep  up  the  function  of  the  retina.  But  infectious  emboli  also  may  get 
into  the  retinal  arteries,  ad  sometimes  happens  in  pyemia.  Then  a  suppurative 
retinitis  develops,  the  suppuration  from  which  extends  to  the  other  structures 
of  the  eyeball,   so  that  the  clinical  picture  of  panophthalmiili.s  is  produced. 
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Tbcw  cMea  aooordinglj  run  a  cxjorsc  just  like  that  of  metastatic  chorioiditis  (see 

The  opbthaliBoaeopic  picture  of  cmboliBtn  is  th«  expression  of  chaogee  which 
■Bt  m  when  the  aopplj  of  arterial  blood  ia  cut  off  from  the  retina.  It  ia  hence 
BOt  confiaed  to  embolism  of  the  central  artery,  but  i»  found  in  occlusion  of  it  in 
gcoenl,  due  to  other  causes  as  well.  Among  these  causes  belong  thrombosiA 
of  the  arterj,  alao  compression  of  it  Ttithin  the  trunk  of  the  optic  nerve  conse- 
qaent  upon  hemorrhage  or  inflammatory  infiltration  in  the  latter^  and,  finally, 
•  acrfutioa  of  the  continuity  of  the  artery  occurring  when  the  optic  nerve  is  cut 
or  tofn  through  in  front  of  the  point  where  the  central  vessels  enter  it. 

Thromhofii  of  tlie  central  vein,  which  was  first  anatomically  demonetnitcd 
by  Michel,  is  characterized  by  the  circumstance  tliat  all  the  retinal  veins  arc 
enormously  distended  with  blood,  while  the  arteries  are  so  attenuated  as  to  be 
scarcely  discoverable.  The  blood  escapes  from  the  turgid  veins  at  many  sjiot^ 
•0  that  the  entire  fundus  is  covered  with  hsmorrliagc«.  These  continually 
recor  anew,  and  with  their  recurrence  the  sight  which  from  the  start  has  been 
greatly  reduced  is  at  length  utterly  destroyed.  Like  embolism,  thrombosis, 
too,  may  be  confined  to  a  branch  of  the  central  vein,  in  which  cane  also  the 
«äiangea  in  the  fundus  arc  present  only  in  that  district  of  the  retina  which  cor- 
reaponds  to  the  region  of  distribution  of  the  occluded  vein. 

Thrombosis  of  the  central  vein  occurs  for  the  meet  part  in  elderly  persona 
■oilering  from  a  cardiac  affection  or  from  atheroma  of  the  vesaela;  but  an 
inflammation  in  the  orbit  may  al^n  lead  to  thrombosis  of  the  central  vein, 
probably  through  the  development  in  the  orbital  veins  of  thromboses,  which 
aubeequently  extend  into  the  central  vein.  In  this  way  cases  of  blindness  are 
«ometimes  produced  in  the  course  of  facial  erysipelas.  The  erysipelatous  in> 
fluuaition  of  the  skin  has  a  tendency  to  penetrate  in  spots  into  the  deeper 
part«,  and  there  set  up  cither  infiltrations  or  phlegmons.  Hence,  abscesses  of 
tiir  lids,  abscesses  in  the  orbit,  and,  through  transmission  to  the  brain,  even 
purulent  meningitis,  are  observed  as  sequels  of  facial  erysipelas.  If,  then,  a 
cane  of  erysipelas  is  complicated  with  inflammation  of  the  cellular  tissue  of  the 
orbit,  it  is  sometimes  found,  after  the  erysipelas  has  run  its  course  and  the 
•welling  of  the  lids  has  abated,  that  the  eye  is  blind.  The  ophthalmoscope 
shows  atrophy  of  the  optic  nerve  with  extreme  attenuation  of  the  blood-vessels. 
According  to  an  observation  of  Knapp'»,  wc  are  dealing  in  tlus  ca&c  with  a 
thrombosis  of  the  central  vein,  consequent  upon  the  infiammutiou  of  the  retru- 
bnlbtr  cellular  tissue.  Tlie  blindness  that  is  due  to  er}-8ii)elas  may  affect  both 
eyes. 

Anamia  of  the  retina  may  either  develop  suddenly  or  gradually.  Its  sadden 
development  may  take  place  as  a  result  of  occlusion  of  the  vessels  (hence,  above 
all,  in  embolism  of  the  central  artery)  or  through  their  compression,  as  in  the 
case  of  sudden  increase  of  tcu.^iou.  Bpasui  of  the  retinal  arteries  also  occurs, 
particularly  in  acute  poisoning  by  quinine — thut  is,  in  coses  in  which  large  doses 
of  quinine  have  been  administered,  sudden  blindness  (und  usually  deafness,  too) 
sometimes  suiwr^'cnc.  The  blindness  abates  ngnin,  but  a  certain  degree  of  en- 
fecblemcnt  of  sight,  and  more  particularly  a  contraction  of  tl»e  field  of  vistoo, 
generally  remain.  Ophthalmoscopic« Uy,  we  find  pallor  of  the  optic  nerve,  and 
as  a  special  feature  a  verj-  great  attenuation  of  the  retinal  vessels.  Much  more 
frrqucnt  than  acute  una>niia  of  the  retina  is  that  form  of  amentia  which  set»  in 
gradually  as  a  consequence  of  retinal  atrophy.     The  vessels  of  the  retina  then 
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become  gradually  attenuated,  and  may  ultimately  be  transformed  into  white 
Btrande  empty  of  blood  or  may  vanish  altogr<?ther. 

In  retinitis  the  infliunmiition  frequently  passes  over  to  the  optic  papijlft, 
and,  on  the  other  hand,  an  inflammation  of  Ihe  latter  may  extend  far  into  (he 
retina.  In  both  casea  •we  speak  of  nmro-retinitk,  the  etiology  of  which,  there- 
fore, is  the  same  a»  that  of  retinitis  and  neuritis.  Inflanunutiun  may  also  extend 
from  the  chorioid  to  the  retina,  so  that  the  latter  presents  distinct  ophthalmo- 
flcopic  signs  of  inflammation.  These  cases  are  denoted  by  the  special  name  of 
retino-ehorwiffiti*  (chorio-retinitis),  although  it  must  l>e  mtiintained,  for  the 
present  at  least,  that  in  everj-  case  of  chorioiditis  an  implication  of  the  portions 
of  the  retina  immediately  adjacent  can  be  made  out. 

Among  the  inflammations  of  the  retina,  ntinitis  alhvtninuriea  is  the  one  best 
characterized.  In  addition  to  the  general  figna  of  retinitis,  such  as  haziness  of 
the  retina  and  of  the  outline  of  the  papilla,  distention  of  the  retinal  arteries, 
and  haemorrhages,  it  is  particularly  distinguished  by  the  white  patches  in  the 
fundus,  whose  pure  white,  often  silvery,  appearance  depends  upon  fatty  degen- 
eration of  «he  retinal  elements  and  of  the  cells  of  the  exudate.  The  white  8])ots 
are  found  chiefly  in  two  places — in  a  certain  area  surrounding  the  papilla  and 
in  the  macula  lutea.  In  the  former  situation  I  hey  not  infrequently  form  a  zone 
of  spots,  which  is  usually  interrupted  at  a  point  corresponding  to  the  macula 
lutea.  The  latter,  on  the  other  hund,  is  occupied  by  pmall  white  stipplings 
radially  disposed,  so  that  a  pretty,  stellate  figure  is  fomjed  with  the  fovea  cen- 
tralis at  its  center.  Very  often  the  star  is  incomplete,  the  rays  being  fully 
formed  only  on  certain  «des  of  it.  Even  then,  however,  the  picture  is  always 
characteristic  enough  for  us  to  be  able  frftni  it  alone  to  deduce  the  presence  of 
an  affection  of  the  kidney;  but  cases  of  retinitis  alliuniinurica  also  occur  which 
arc  distinguished  by  no  special  features,  so  that  tlie  etiology  is  detennioed  only 
by  the  examination  of  the  urine.  Such  an  examination  sliould  therefore  be 
made  in  every  ra*e  of  retinitis. 

The  connection  between  the  kidney-lesion  and  the  retinitis  seems  to  consist 
in  the  development  of  a  disease  of  the  walla  of  the  vessels  in  the  retina  in  con- 
sequence of  the  altered  composition  of  the  blood,  a  disease  which  results  in  in- 
flammation and  degeneration  of  the  retina  itself  (Duke  Karl  Theodor).  Reti- 
nitis albuminuric^  is  of  evil  prognostic  significance,  since  the  patients  suffering 
from  it  usually  succumb  in  a  short  time  (as  a  rule,  within  less  than  a  year)  to 
the  disea.«e  of  the  kidney. 

In  nephritis  disturbance  of  vision  may  also  occur  under  the  form  of  n  transi- 
tory blindness  without  any  retinitis  being  present.  The  patient  declares  that 
everything  suddenly  becomes  dark  before  his  eyes;  the  disturbance  of  sight  in- 
creases 80  quickly  that  the  blindness  gets  to  be  complete  within  a  few  hotirs  or 
a  day.  After  one  or  more  days  the  sight  is  gradually  restored.  Simultaneously 
willi  the  attack  of  visual  disturbance  other  nervous  symptoms  exist,  such  as 
headache,  vomiting,  dyspua>a,  loss  of  consciousness,  and  compulsions — in  short, 
the  sjinptoms  of  uneiuia.  The  blindness  is  therefore  known  as  uramir  nmaura- 
tit.  The  fact  that  the  reaction  of  the  pupil  to  light  is  in  moRt  cases  preserved 
in  spite  of  the  complete  blindness  proves  that  the  location  of  the  affection  can 
not  be  in  the  eye  or  in  the  optic  nerve,  but  liigher  up — that  is,  in  the  brain, 
which  is  poisoned  by  the  excn-tory  matters  contained  in  the  blood,  Urjrmic 
amaurosis  is  distinguished  from  the  disturbance  i>f  vision  due  to  retinitis  albu- 
minurica partly  by  the  negative  result  of  ophthalmoscopic  examination,  partly 
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by  tlie  course.  Uriumir  nniaurasis  sets  in  sutWenly  nnd  is  complete,  vrnw^n 
retinitis  albuminurica  tlie  sight  is  gradually  reduced  nud  is  selduni  anaibilatcd 
cntirt'ly.  The  blindticss,  however,  is  permanent,  while  the  blindne^«  due  to 
uraeiraia  again  gives  place  to  normal  vision,  provided  the  patient  does  not  suc- 
cumb to  the  urreraic  attack,  Of  course,  the  possibility  of  a  unrmic  amaurosis 
occurring  in  a  patient  already  suffering  from  retinitis  is  not  excluded. 

Retinitis  due  to  diuiling  is  produced  most  frequently  by  looking  at  the  «un^ 
It  is  particularly  observed  after  eclip.se8  of  the  sun  in  people  who  have  tried  to 
follow  them  witli  glasses  that  have  not  been  blackened  sufficiently  or  with  the 
naked  eye.  I  have  also  seen  it  produced  after  gazing  too  long  at  the  electric 
arc-light.  The  ophthalrao!?cripc  shows  pigment  changes  in  the  macula  lutea, 
upon  which  the  image  of  the  sun  has  been  cast.  Corresponding  to  this  sjK»t 
there  exists  a  central  scotoma,  which  for  the  most  part  remain.s  permanently. 
We  must  not  confound  with  the  retinitis  due  to  dazzling'that  variety  of  inflam- 
mation of  the  eyes  which  is  produced  by  the  action  of  snow  (.«now-blindnea«)  or 
by  the  electric  arc-light.  This,  in  addiJton  to  transitorj*  symptom»  of  cljizzling, 
consists  mainly  in  a  violent  conjunctivitis  (see  page  102). 

In  retinitis  therri  is  sometimes  a  new  formation  of  blood-vessels  which  grow 
out  from  the  retina  into  the  vitreous.  In  rare  cases  an  abundant  and  very  vas- 
cular tissue  develops  in  this  way  from  the  retina  and  projects  out  into  the  vitre- 
ous (retinitis  proli/rrons  [Manz]).  It  appears  that  the  determining  cause  for 
this  ia  sometimes  found  in  extensive  hn'morrhngcs  into  the  retina  and  vitreous. 

II.  Atroi'Iiy  op  the  Retina. 

98.  -'\trojiy  of  the  ret'ma  is  Llie  result  of  its  protracted  inflnmniution, 
or  ia  the  final  outcome  of  an  embolism  or  a  thrombosis  of  the  retinal 
vessels.  Atrophy  is  characterized  most  of  all  by  the  stenosis  of  the  reti- 
nal vei«!el3,  which  in  severe  ca.ses  may  amount  to  complete  obliteration, 
so  that  the  vessels  are  cither  transformed  into  white  strands  or  havo  be- 
come altogether  invisible.  The  retina  may  look  otherwise  unchanged 
and  transparen':,  or  it  may  bear  traces  of  the  antecedent  inflammation. 
In  every  case  thu  signs  of  a  secondary  atrophy  can  bo  made  ont  nijon 
the  i^apilla  as  well ;  its  outline  is  indistinct  and  it  is  of  a  pale,  diny-gray 
color  (retinitic  atrophy  of  tho  papilla). 

A  special  variety  of  atroi>hy  which  runs  a  very  chroi^ic  course  is  the 
pigmentary  degenenxtion  of  the  retina  (also  Jailed  retinitis  jiignieutosu). 
This  ia  marked  by  such  characteristic  subjective  symptoms  that  tlio 
diagnosis  can  almost  be  made  from  them  ulono.  The  persons  affected 
with  this  disease,  even  when  still  young,  complain  that  they  see  worse 
whenever  the  illumination  is  reduced,  and  particularly  at  night  (he- 
meralopia).  This  state  of  things  increases  with  tho  age,  so  that  finally 
tho  patients  are  no  longer  able  to  go  about  alone  at  night,  whilu  in  the 
daytime  they  still  seo  quite  well.  Tho  cause  of  this  phenomenon  is 
disclosed  by  tho  examination  of  the  field  of  vision.  In  the  beginning 
of  tho  disease  the  field  of  vision,  when  taken  under  good  illumination, 
proves  to  be  nearly  normal,  while,  when  tho  illumination  is  reduce«!,  it 
appears  very  much  contracted.     Wo  must  conclude  from  this  that  tho 
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peripheral  jvortions  of  the  retina  are  imder-sensitivo,  so  that  under  good 
illumination  they  still  perform  their  function  but  do  not  react  to  weaker 
stimuli^  such  as  feebly  illuminated  images  afford.  Later  on,  the  field 
of  vision  shows  itself  so  contracted,  even  under  full  illumination,  that 
the  capacity  of  orientation  suffers,  and  the  patient  can  scarcely  guido 
himself  alone  even  in  daytime.  At  the  same  time  dJreet  vision  may 
still  be  so  good  that  the  patient  is  able  to  do  fine  work.  Finally,  cen- 
tral vision  too  ig  lost,  so  that  complete  blindness  sufK^rvones.  This  or- 
dinarily is  not  the  case  until  late  in  the  sixth  decade  or  later. 

Ophthalmoscopic  examination  shows,  as  the  most  prominent  symp- 
tom of  the  disease,  the  presence  of  small  black  spots  in  the  retina 
('^spotted  retina").  These  are  of  branched  shape,  so  that  they  have 
boon  compared  to  bone-corpuscles  or  spiders;  they  are  connected  with 
one  another  by  their  pHx-esses,  and  occur  especially  along  the  blood- 
Tessels.  In  the  bcs^inning  of  the  disease  they  occupy  only  the  most 
anterior  portion  (periphery)  of  the  fundus;  as  time  goes  on,  new  spots 
keep  forming  farther  and  further  back,  until  at  length  they  reach  the 
macula  lutea  and  the  papilla.  In  the  same  ratio  the  signs  of  atrophy 
of  the  retina  and  the  papdla  become  steadily  more  distinct  and  more 
prominent.  Accordingly,  what  takes  place  is  a  gradual  degeneration  of 
the  retina  associated  with  a  migration  of  pigment  from  the  pigment- 
epithelium.  The  degeneration  begins  at  the  periphery  and  advances 
;  toward  the  center.  In  the  same  way,  too,  the  retina  gradually  loses  its 
function ;  the  afTected  portions  of  it  at  first  are  simjily  less  sensitivo 
tlian  before,  being  still  stimulated  to  action  by  a  pretty  strong  light; 
later  on  they  become  completely  insensitive. 

The  disease  attacks  both  eyes.  It  develops  in  childhood,  and  would 
acem  to  be  congenital  in  many  cases,  although  it  tjsually  is  not  discov- 
ered until  some  time  after  birth.  Inheritance  plays  a  great  part  in  its 
production ;  retinitis  pigmentosa  occurs  frequently  in  brothers  and  sis- 
ters, and  also  in  several  successive  generations.  The  female  memlicra 
of  the  family  are  less  frequently  affected  than  the  males.  It  is  often 
found  at  the  same  time  with  other  congenital  anomalies,  like  deafness, 
mental  weakness,  hare-lip,  or  supernumerary  fingers  or  toes,  or  with 
malformations  of  the  eye,  with  persistent  hyaloid  artery,  posterior  polar 
cataract,  etc.  After  it  has  lasted  n  pretty  long  time,  posterior  cortical 
cataract  usually  develops.  In  almost  a  third  of  the  cases  the  disease 
occurs  in  individuals  descended  from  consanguineous  parents.  Herein 
apparently  lies  the  oxiilanation  of  the  fact  that  pigmentary  degenera- 
tion of  the  retina  is  so  frequently  associated  with  other  congenital 
anomalies,  since  these  latter  also  occur  as  a  result  of  the  consanguinity 
of  the  parents. 

Treatment  is  powerless  against  pigmentary  degeneration  of  the  retina, 
and  the  prognosis,  therefore,  is  bad,  since  complete  blindness  inevitably 
Bupervenes — though  not,  to  be  sure,  until  after  the  lapse  of  many  years. 
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The  black  spots  ia  pigmentary  d^^eration  of  the  retina  are  not  al^ 
like  bone-corpuscles,  but  sometimes  are  also  rounded  or  irregular,  like  the  blMlE^ 
<(pot9  in  chorioiditis.     Their  characteristic  distinguishing  mark  lies  not  so  xnuch 
in  their  shape  &s  in  their  situation,  which  must  be  assigned  to  the  rctiua.     Thia 
is  recognized  from  the  fact  that  the  retinal  vessels,  wherever  tbej  run  by  the 
black  spots,  arc  covered  b}'  them;  hence,  the  spots  must  lie  in  front  of  the  Tea- 
sels—i  e.,  in  the  inner  hijers  of  the  retina.     (In  the  case  of  pigment-spot«  !■ 
the  chorioid  we  can  distinctly  follow  the  retinal  vessels  in  their  course  over  the 
spots.)     Spots  of  pigment  in  the  retina  are  not,  however,  limited  to  pigmentary 
degeneration  of  the  latter;  on  the  contrarj-,  the  migration  of  pigment  into  the 
retina  may  take  place  ultimately  in  every  case  of  rctino-chorioiditis.     This  is 
particularly  the  case  in  syphilitic  retino-chorioiditis,  in  which  the  pigment  la 
the  retina  can,  moreover,  a^ume  the  bone-corpuscle  shape,  so  that  a  picture 
quite  similar  to  that  of  pigmentary  degeneration  may  be  produced  (Förstern. 
In  chorioiditis,  however,  there  are  also  usually  present  atrophic  changes  (white 
spots)  in  the  chorioid,  which  are  wanting  in  retinitis  pigmentosa.     Neverthe- 
less, there  arc  cases  in  which  the  diagnosis  is  very  difficult,  and  can  only  be 
made  with  the  aid  of  the  previous  history  and  the  careful  testing  of  the  func- 
tion. 

Not  only  is  pigmentation  of  the  retina  not  confined  to  pigmcntarj'  degenera- 
tion of  this  part,  but,  on  the  other  hand,  such  degeneration  is  not  necessarily 
Associated  with  the  presence  of  pigment.  There  arc  coses  of  what  are  called 
retinitis  pigmentosa  without  pigment,  in  wltich  the  retinal  degeneration  take« 
place  in  a  manner  otherwise  typical,  but  without  the  migration  of  pigment  into 
the  retina. 

For  treatment  in  pigmentary  degeneration  of  the  retina  we  may  try  potas- 
sium iudide,  hypodermic  injections  of  strychnine,  the  constant  current,  diapho- 
resis, and  the  like.  We  do  this  more  for  the  satisfaction  of  the  jwtient  than 
anything  else,  for,  although  we  do  sometimes  obtain  an  improvement  of  the 
sight,  it  is  only  a  transient  one. 

The  anntomieal  ehanffet  found  in  inflammation  and  in  atrophy  of  the  reUna 
are  as  follows : 

In  inflammation  the  signs  of  inflammatory  a>dema  exist,  or  those  of  a  cel- 
lular infiltration  due  to  extravasuted  wljite  blood-corpuscles.  The  changes  at 
the  same  time  observed  in  the  retina  itself  are:  I.  Fatty  deg<'ncnition  both  of 
the  nervous  elements  and  of  the  supporting  tissue  of  the  retina.  2.  Thickening 
(sclerosis),  especially  in  the  ncrve-filxjrs  of  the  fiber-layer.  Both  the  changes 
mentioned  constitute  the  principal  cause  of  the  brilliant-white  spots  occurring 
in  many  cases  of  retinitis  (particularly  In  retinitis  albuminurica).  8.  Hyper- 
trophy of  the  supporting  tissue,  which  becomes  the  more  prominent  in  projwr- 
lion  as  the  inflammation  passes  over  into  atrophy.  4.  Thickening  of  the  walls 
(sclerosis)  of  the  blood-vessels,  leading  to  the  contraction  of  their  lumen  or  even 
to  their  obliteration.  5.  The  migration  of  pigment-cells  from  the  pigment-epi- 
thelium into  the  retina,  where  they  may  undergo  spontaneous  multiplication. 

When,  after  protrocted  inflammation  the  retina  ha»  become  perfectly 
atrophic,  it  cnn.<nsts  of  a  reticulum  which  is  derived  from  the  supporting  tis- 
Ruc  and  which  contains  pigment-ccll.f,  but  from  which  the  nervous  clement« 
have  disappeared  without  leaving  a  trace  of  their  presence.  The  blood-vessels 
are  in  great  part  obliterated  und  coDVcrted  into  solid  strands  of  conaeclire 
tissue. 
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III.  Detachment  of  tue  Ketixa. 

99,  Detachment  of  the  retina  {ablatio  sive  amotio  retina)  can  bo 
recognized  from  the  following  ophthalmoscopic  changes:  At  the  spot 
where  the  retina  is  detached  from  its  bed  it  has  lost  its  transparency  ; 
consequently,  we  do  not  see  in  this  situation  the  red  background  which 
corresponds  to  the  chorioid,  but  a  delicaio  gray  membrane  which  rises 
above  the  level  of  the  normal  fundus  and  projects  forward  into  the 
vitreous.  It  ia  recognized  to  be  the  retina  by  the  fact  that  the  retinal 
vessels  can  be  followed  from  the  papilla  out  into  the  membrane.  At 
spots  corresponding  to  the  folds  of  the  detached  retina  these  Tcssela 
show  sharp  bends,  and  in  some  places  are  even  entirely  concealed  from 
view.  If,  as  is  generally  the  case,  fluid  is  found  beneath  the  detached 
retina,  the  latter  funns  Jiumerous  folds,  whicli  shake  trcnndously  with 
the  movements  of  the  eye ;  i.  e.,  the  retina  undulates.  But  if  the  retina 
is  lifted  out  of  ])hico  by  a  solid  body — e.  g.,  a  neoplasm — the  folds  and 
the  trcniulousuess  are  absent;  the  detachment  forms  a  sharply  defined 
prominence,  rising  steeply  from  the  fundus. 

Externally  the  eye  looks  normal,  only  the  anterior  chamber  is  often 
strikingly  deep  and  the  tension  is  also  diminished. 

The  detacluncnt  of  the  retina  is  at  firnt  partial — i.  e.,  is  confined  to 
one  portion  of  the  retina.  It  may  develop  at  any  spot  whatever  of  the 
retina,  but  usually  (in  case  it  is  caused  by  fluid)  changes  its  place  after- 
ward, for,  as  the  sub- retinal  fluid  sinks  on  account  of  its  weight,  it 
depresses  the  detachment  gradually  to  the  lower  part  of  the  eye;  hence 
detachments  of  the  retina  arc  most  frequently  found  low  down,  al- 
though their  original  situation  may  very  often  have  bc-en  at  a  diflerent 
spot  in  the  fundus. 

Kvery  detiu-huK-nt  of  the  retina  has  a  temk-ncy  to  enlarge  and 
finally  become  total.  In  the  latter  csise  we  tind  the  retina  pushed  for- 
ward as  a  whole,  and  connected  with  its  bed  at  two  points  only — at  the 
papilla  and  at  the  ora  serrata.  Then  the  detached  retijia  forms  a 
plaited  funnel,  beginning  at  the  papilla  and  opening  out  in  front,  a 
shape  which  Arlt  has  well  compared  to  that  of  the  flower  of  a  convol- 
vulus (see  Figs.  C3  and  CO). 

The  subjective  symptoms  of  detachment  of  the  retina  consist  in  the 
disturbance  of  vision  which  it  causes.  This  is  characterized  most  of  alt  by 
a  limitation  of  the  tield  of  vision,  which  is  often  perceived  as  a  positive 
phenomenon  by  the  patient.  A  dark  cloud  lies  over  a  part  of  the  field  of 
vision,  corresponding  in  location  to  the  detached  portion  of  the  retina, 
which  has  partially  or  entirely  lost  its  sensitiveness  to  light.  If,  as  is 
80  frequently  the  case,  the  detachment  liesbulow,  the  patient  complains 
of  a  dark  curtain  which  veils  from  him  the  upper  parts  of  objects.  For 
instance,  he  docs  not  see  the  head  of  a  man  standing  in  front  of  him. 
Ucnce,  the  examination  of  the  field  of  vision  is  of  great  importance  for 
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Um  diagnosifl  of  detachment  of  the  retina.  Direct  vision  ie.  prcserred 
kmg  M  tbi*  Uelachment  has  not  yet  extended  to  the  »ito  of  the  mact 
latea.     In  total  detachment  there  is  absolute  blindness. 

BUology. — The  retina  simply  lie»  upon  the  chorioid  witiioat   hein^ 

sted  with  it  anywhere  except  at  the  papilla  and  the  on»  gerrata. 

In  the  directed  eye  it  can  be  lifted  from  its  bed  with  the  greatest  caec. 

In  UM  living  eye  the  retina  is  kept  pressed  against  the  cborioid  by  the 

Tilrooua.     A  detachment  of  the  retina,  therefore,  is  possible  only  when 

|ith(;r  th«  pre««ure  exerted  by  the  vitreous  ceases  to  act,  or  when  the 

tinA  \*  piiiihed  from  its  bed  by  a  force  greater  than  this  pressure. 

{a)  The  former  variety  of  detachment  occurs  when  through  diseate 

^/  the  vilreaiiM  the  pressure  exerted  by  it  is  dimlnislied  or  becomes  at 

ir^luLely  nejjative — i,  e.,  is  converted  into  a  traction.     This  occurs ; 

Vh«n  u  pretty  large  quantity  of  vitreous  has  escaped,  in  the  case  of  in- 

JUTU'A  or  of  operations;  2.  When  shrinking  of  the  vitreous  is  protlnoed 

on  iKx-ouut  of  tM-jmc  disease  of  it.     The  most  frequent  cases  of  this  sort 

ri'  thoue  in  which  the  formation  of  txiuhites  has  taken  place  in  the 

'filrwiu«  in  irido-cyclitis  or  irido-chorioiditis.     When  these  exudates 

b«comQ  organ i/H^d  and  shrink  they  draw  the  retina,  to  whose  surface 

|h«y  arc  otla<:hod  in  places,  away  from  the  chorioid.     This  form  of  d« 

'lacbmcnt,  it  iii  trut*,  can  not  be  seen  with  the  ophthalmoscope,  but 

Im  retwlily  diagnonticated  by  means  of  the  softening  of  the  eyeball  and 

llw  contraction  of  the  field  of  vision.    The  form  of  detachment  of  the 

ifL-tiiia  that  i*  vi«iblo  with  the  ophthalmoscope,  and  which  occurs  wilh- 

iiCrtjl  nny  uuU^udt'Ui  inflammation,  is  most  frequently  found  in  conuec- 

tMi  with  high  degrees  of  myopia.     In  this  case  it  is  a  fibrillary  degen- 

iffallon  of  tho  vitreous  which  must  bo  regarded  aa  the  cause  of  the 

äut.     A  Himilur  fibrillury  coiiditiou  of  the  vitreous,  which  is 

It  upon  Bouih«  fliatigos,  is  probably  at  the  bottom  of  that  vari- 

»ly  of  rotiiml  «lotachment  which  sometimes  occurs  in  elderly  persons 

without  any  other  cause. 

(//)  Mui.'h  lumi  frequent  arc  those  cases  in  which  the  separation  takes 
|f|«/M  III  «ujufeequence  of  an  adivo  propulsion  of  the  retina  away  from 
ii»M  olwirUiid,  The  causes  of  such  a  propulsion  are:  1,  An  acute  pro- 
ii«Ml  of  «xudalion  front  the  chorioid,  as  occurs  in  purulent  chorioiditis 
m*\  I»»  phlegmon«  in  the  orbit.  2.  Ha>morrhago  from  the  chorioidsd 
VtfMttU,  wlicther  «pontanoous  or  due  to  injury.  3.  Tumors  of  the 
«horloid  or  of  the  retina,  and  also  a  Cysticercus  developing  beneath  the 

rwUiitt. 

The  Ireutmnii  in  thoae  forms  of  detachment  which  are  caused  by 
Ml  ciudatiuii  of  fluid  beneath  the  retina  must  seek  to  secure  the  re- 
mn\ii\»n  of  Ih«  »iib-rclinal  fluid.  This  is  accomplished  by  diaphoresis 
(tor  producing  which  we  make  u.se  of  hj^todormic  injections  of  pilo- 
«Mrpirio  and  nodium  salicylate),  by  mild  purgatives,  by  preparations 
«OMlttlfilug  iodine,  and  also  by  a  iiressure-baudage  applied  with  modcr- 
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ate  firmness;  at  the  same  timo  the  patieut  should  keep  to  his  bed. 
This  treatment  must  be  ke^it  up  for  several  weeks  at  least.  When  these 
remedies  Imvo  failed  us,  or  when  from  the  start  we  are  dealing  with  a 
saccate  detachment  produced  by  the  copious  exuviation  of  fluid,  we 
may  try  to  evaeuatc  the  sub-retinal  fluid  by  puncture  of  the  sclera  (sec 
§  155).  Tlie  puncture  is  made  at  the  spot  where  the  detaclmient  is 
most  pronounced,  for  which  purpose  the  site  and  extent  of  the  detach- 
meut  must  have  been  precisely  determined  beforehand  with  the  aid  of 
the  ophthalmoscope.  Only  as  much  fluid  is  allowed  to  escape  as  will 
flow  of!  8p(>ataneously.  After  the  operation,  the  patient  should  keep 
hift  bed  for  from  one  to  several  weeks,  with  a  light  pressure-bandnge  on 
the  eye.  liy  these  methods  of  treatment  it  is  generally  possible  in  re- 
cent and  not  too  extensive  cases  of  separation  of  the  retina  to  obtain  an 
improvement  of  the  sight  by  partial  reattachment  of  the  retina,  and  in 
especially  favorable  cases  even  to  cause  the  detachment  to  disappear 
completely,  unfortunately,  it  is  only  in  the  rarest  cases  that  these  good 
results  oi'e  lasting.  As  a  rule,  after  some  time  the  separation  develops 
anew,  and  ultimately  in  spite  of  all  our  therapeutic  endeavors  becomes 
total,  so  that  the  prognosis  of  retina!  detachnjcnts  in  general  must  be 
characterized  as  very  unfavorable.  The  cause  of  the  recurrences  lies 
in  the  fact  that  no  treatment  i.'j  able  to  do  away  with  the  lesion  which 
nsually  lies  at  the  bottom  of  the  trouble — nauiely,  the  shrinking  of  the 
vitreous,  by  which  the  freshly  attached  retina  is  constantly  withdrawn 
agjiin  from  its  bed.  In  inveterato  cai<es  or  in  total  detachment  of  the 
retina,  wc  had  better  ab.*tain  from  any  form  of  treatment. 

In  total  detachment  of  the  retina,  cataract  usually  develops  later 
on,  the  eye  becomes  soft,  and  a  slight  deg^e  of  atrophy  of  the  eyeball 
supervenes.  Moreover,  a  sluggish  form  of  iritis  is  not  infrequent  in 
eyes  with  detachment  of  the  retina. 

When  the  retina  is  detached  by  means  of  a  neoplasm,  enucleation 
of  the  eye  must  be  performed.  A  Cysticercus  occurring  beneath  the 
retina,  may  be  extracted  by  an  incision  into  the  sclera,  and  the  eye  may 
thus  be  preserved  in  a  condition  serviceable  for  vision. 

One  of  the  most  importAnt  ophthalmoscopic  symptoms  of  sopnration  of  the 
retina  19  the  prominence  of  the  dct:icheil  jwrtiona  ca  comparetl  with  ttio  rfi<t  of 
tlie  fundus.  In  tlie  area  of  the  detachnK'tit,  therefore,  a  high  degree  of  bypur- 
mctropia  exists,  from  which  wc  can  calculate,  by  determining  the  refraction  with 
the  erect  imafjr,  how  far  ihe  retina  is  pushed  forward.  Not  infrequently  it  lies 
so  close  behind  the  lens  that  it  can  artualiy  be  seen  by  liilcnil  illuniinntion  when 
the  pupil  is  ililatfd ;  a  j:^y  metnbrane,  with  the  characteriiitie  retiinil  vessels, 
bcLnjt;  recognized  deep  down  in  the  eye. 

Iq  detachment  of  the  retina  from  the  chorii>id,  the  pigracat-epithelium  rc- 
nuuDS  in  it«  place  upon  the  latter.  The  rctinii,  accordingly,  has  a  light,  rather 
transparent  gray  color  and  a  dull  lust<?r;  this,  with  the  wuy  in  which  it  h  thrown 
into  folds  and  undulates,  suggests  the  comparison  to  a  gr.iy  silk  or  (latin  fabric. 
If  some  blood  is  mixed  with  the  sub-retinal  senica,  the  color  of  the  detachment 
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acquires  ft  greenish  tibge.  After  it  has  been  detached  tome  time,  the  retina' 
l)cconie3  entirely  atrophic  and  at  the  same  time  once  more  transparent.  The 
retinal  Teasels  over  the  area  of  the  detachment  are  characterized  not  oalj  by 
their  marked  tortuosity,  but  also  by  their  darker  color. 

The  recognition  of  a  detachment  is  not  infrequently  made  difficult  or  im- 
possible by  turbidity  of  the  media,  and  most  often  of  the  ritreous  or  lens.  In 
this  case  the  diagnosis  mui>t  be  based  mainly  upon  two  factors — upon  the  field 
of  vision  and  the  intra-ocular  tension.  If  the  former  is  found  to  be  coatracted, 
and  at  the  same  time  the  tension  is  reduced,  detachment  of  the  retina  is  usoalli 
present— as,  for  example,  happens  in  old  cases  of  irido-cyelitis,  irido-cborioi* 
ditis,  and  complicated  cataract.  The  two  symptoms  above  mentioned  in  tht>«e* 
cases  give  warning  thnt  complete  blindness  and  atrophy  of  the  eyeball  are  im- 
minent. The  diminished  tension  has  its  caose  in  the  diminution  of  volume  of 
the  shrinking  vitreous;  the  deepening  of  the  anterior  chamber  must  also  bo 
referred  to  the  same  cause,  the  lens  then  sinking  backward.  'These  two  symp^ 
toms,  accordingly,  are  wanting  in  those  cases  of  retinal  detachment  which  aria«! 
from  an  active  propulsion  forward  of  the  retina.  This  point  is  of  particular 
importance  in  determining  whether  a  detachment  of  the  retina  is  of  a  simple 
seroui«  nature  or  is  caused  by  a  neoplasm;  in  the  first  case,  the  tension  is  dimin- 
ished, in  the  second  it  is  elevated  (Von  Onvefc). 

The  retina,  when  but  recently  separated,  retains  for  some  time  its  eensjtiTiv 
ncss  to  light,  and,  if  it  soon  becomes  reattached,  may  resume  its  function  per- 
fectly. Tlius  there  is  a  possibility  afforded  of  a  cure  of  the  detachment  in 
respect  to  function  as  well  as  in  other  regards.  Not  infrequently  an  apparent 
cure  oecurs  in  the  course  of  a  retinal  detaolimcnt,  owing  to  the  fact  that  the 
detachment  which  has  occupied  the  region  of  the  macula  lutea  descends  beneath 
it.  As  the  macula  now  regains  its  function,  the  Mgl»t  increases  considerably, 
while  the  detachment  still  continues,  although  in  another  place. 

In  the  beginning  of  tt  detachment  of  the  retina,  objects  frequently  appear 
crooked  (metamorphopsia),  in  consequence  of  the  oblique  position  of  the  per- 
cipient retinal  elements.  Photopsia,  too,  is  often  caused  by  the  traction  upoo 
t!ie  retina,  nnd  often  gives  the  first  warning  of  the  advent  of  the  detachment. 

Not  infrequently  n  rent  is  found  in  the  separated  retina  {niptura  retina). 
People  were  formerly  diüposod  to  look  upon  thw  as  tlie  result  of  the  detach- 
ment, it  being  supposed  that  the  delicate  retina,  being  deprived  of  all  sujiport, 
wa.s  lacenited  in  the  movements  of  the  eye  through  agitation  of  the  sub- 
retinal  fluid.  But,  according  to  the  investigations  of  Leber  and  Nordenaon,  it 
seems  as  though,  on  the  contrary,  the  laceration  of  the  retina  preceded  it«  sepa- 
ration. It  results  from  the  fiir-fc  that  the  vitreous,  as  it  shrinks,  by  pulling  apon 
the  retina,  tears  it ;  then  fluid  from  the  vitreous  may  pjiss  through  the  rent, 
get  beneath  the  retina,  nnd  at  oticc  detach  it  over  quite  a  large  area.  In  this 
way,  moreover,  the  sudden  development  of  most  detachments  would  be  nc- 
counted  for. 

IV.  Gliom.v  of  TUR  Retixa. 

100.  Glioma  is  tlie  only  neoplasm  which  occurs  in  tho  retina.  It  is 
found  ouly  in  chihiren.  In  a  case  of  it  the  patienta  notico  that  a 
bright,  whitish,  or  goldcn-yoUow  reflex  emanates  from  tho  jnipil»  which 
sometimes  even  is  noticeable  at  a  distance.  For  this  reason  tho  diseaso 
traa  called  by  licer  amaurotic  caCs-eye ;  amaurotic,  because  the  eye  is 
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blind ;  and  cat's-eyc,  berAiise  it  shinee  like  cats'  eyes  in  the  dark.  If  such 
au  eye  is  examined  by  fcH:aJ  illumiiiatiün,  we  recognize  as  the  cause  of 
the  reflex  a  lijiht-colorcd  noduhir  mass  (the  degenerated  retina)  situ* 
ated  behind  the  lens  and  covered  over  with  minute  vessels.  ' 

The  subsequent  vourae  of  the  glioma  sliowa  the  same  stages  that  we 
have  learned  to  recognize  in  the  case  of  chorioidal  tumors  (.see  page  Z'ii). 
In  iho  first  stage,  iiilhunmatory  symiJlom.s  are  absent;  the  disease  mani- 
festo itself  oidy  in  the  bright-colored  reflex  and  the  blinding  of  the  eye. 
The  second  stage  is  characterized  by  the  supervention  of  increase  of 
tension.  The  eye  becomes  irritated  and  painful,  ami  the  child  begins 
to  sufTer.  Afterward,  in  tlie  third  stage,  the  tumor  grows  out  from  the 
eye,  first  of  all  along  the  optic  nervo,  then  in  other  places  as  well,  par- 
ticularly through  the  eonioa  or  in  its  vicinity.  Tlie  eye  at  length  is 
transformed  into  a  large,  ulcerated,  painful,  aiul  readily  bleeding  mass, 
whieh  tills  the  whole  orbit  and  projects  aut  between  tlie  lids.  In  the 
fourth  stage  the  tumor  spreads  to  remote  organs.  Through  transfer  by 
continuity  it  passes  along  the  optic  nerve  to  the  brain  ;  and  by  way  of 
metastjisis  it  spreads  to  the  neighboring  lynipliatic  ghuuls  and  alyo  to 
the  most  various  internal  organs  (most  fretjuently  to  the  liver).  The 
children  finally  die  either  from  exhaustion  or  from  the  spread  of  the 
neoplasm  to  vital  organs,  especially  the  brain.  The  course  of  the  dis- 
wise  from  its  very  outset  to  its  fatal  terrnituitioii  usually  exteiuls  over 
several  years. 

Glioma,  as  a  rule,  attacks  only  one  eye,  although  numerous  bilateral 
cases  have  also  been  seen.  It  is  found  in  children  only,  and  mostly 
before  the  fifth  year  of  life.  Often  it  is  observed  at  such  an  early 
age  that  its  begiuning  nuist  be  regarded  as  taking  place  in  fuutal  life. 
This,  as  well  as  the  fact  that  several  children  iu  tlie  game  family  are 
one  after  another  afFeeted  with  glioma,  would  argue  tluit  the  cause  of 
it  in  many  casi-s  is  to  l*e  hmkod  fi»r  in  a  congenital  failure  of  develoji- 
ment. 

Treafmruf  consists  in  the  promptest  ])os.«sible  removal  of  the  neo- 
plasm. So  long  as  the  growth  is  ptill  confineil  to  the  eyeball,  it  ia  suf- 
ficient to  enncleate  the  hitter,  in  doing  whieh  we  take  the  precaution 
to  divido  the  optic  nerve  as  far  back  as  ]io8sible.  In  such  ca.*es  we  may 
hope  for  a  permanent  cure.  "When  the  turaor  has  perforated  the  eye- 
ball and  is  growing  outride  of  it  but  is  still  conlhied  to  the  orbit,  com- 
plete removal  of  the  neoplasm  can  still  be  attained  through  exenteration 
of  the  orbit  (see  g  IGT).  But  in  this  case  rapid  recurrences  both  in 
loco  and  in  the  neighboring  lymphatic  glands  seldom  fail  to  occur. 
Nevertheles.s,  even  iu  such  cases  the  operation  is  indicated,  because  by 
the  removal  of  the  local  fucua  of  disease  the  child  is  spared  much  suf- 
fering. 

From  what  has  been  said,  the  profftios is  is  faTorable  only  when  tlie 
operation  is  perfornied  very  early. 
27 
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Glioma  rctinie  (Virchow)  ia  composed  of  small  cells  and  a  soft 
mcnt  «ubstance.  The  cells  consist  of  a  large  wucleus  Burroundcd  by  a  very 
scanty  ninnniit  of  protopliu^ni  which  in  many  spot»  possesses  minute  processes. 
•  The  iiiftTstitial  subslauce  in  which  tho  ct'JIs  (iro  imbedded  is  half  fluid,  so  that 
the  whole  lumur  is  ai  a  very  soft  consistence.  Glioma,  in  contradistinction  to 
iutra-<jcular  sarcomuta,  is  never  pij^niented.  It  develops  from  the  two  pronule- 
layors  of  the  retina  and  mainly  from  the  inner  granule-layer.  The  overgrowth 
of  the  retina  lea«l»  to  its  irretrular  thickening,  and  conseijuently  to  folding  aDd 
detadimeut  of  it;  but  in  many  cases,  as  tiie  annexed  illustration  (Fig.  83)  shows, 

the  detachment  may  for  a  long  time 
rcmnin  confined  to  a  small  circum- 
scribed spot.  Neoplasm-germs  pass« 
from  the  degenerated  retina  both  into 
the  choitnid  und  into  the  vitreous, 
where  they  subsequently  develop 
into  small  independent  nodules  {Jr, 
Fig.  83». 

That  a  congenital  morbid  dU- 
position  vor)'  often  lies  at  the  bottom 
of  glioma  is  sliown  by  the  following 
interesting  observation  which  I  oni-e 
niüde:  .\  mother  brougljl  her  four- 
year-old  son  into  the  clinic  with  n 
glioma  of  the  right  eye.  According 
to  her  htatemeat,  this  had  only  ex- 
isted for  a  year,  but  it  was  already 
far  advanced ;  the  eyeball,  as  a  whole. 
wn-H  very  much  enlarged,  and  the 
pseudu-grtiwth  was  growing  out  from 
it  into  the  orbit.  The  entire  orbital 
contents  were  removed,  but  never- 
theless the  child  died  half  a  year 
aft-erward  with  brain  symptoms,  while 
at  the  same  titne  a  new  lumor  could 
be  felt  in  the  orbit.  Some  months 
aflerwiwd  the  mother  brought  the 
next  child,  a  two-year-old  hoy,  with 
the  statement  that  he  had  been  blind  in  the  right  eye  since  birth,  although  it 
was  only  recently  that  .she  had  noticed  an  enlargement  of  the  eye.  This  child 
likewise  had  a  glioma  of  the  right  eye,  and  also  died  of  a  recurrence  alMiut  a 
year  after  the  ti[ier!ition  had  been  performed.  Suim  aftcrwaid  the  woman 
brought  me  her  last  child,  then  only  a  few  months  old,  full  of  fear  lest  this 
one.  too,  might  Iw  the  victim  of  the  same  frightful  diseuHe,  Ineause  she  had 
noticed  in  its  left  eye  an  ajijMarance  varying  fnmi  the  usual.  This  chilil.  how- 
ever, did  not  have  a  glioma,  but  a  typical,  congenital  colobomo  of  the  iris 
downward  a»  well  as  n  coloboma  of  the  chorioid. 

The  features  of  amaurotic  cat's-eye  may  bo  prmluecd  not  only  by  glioma, 
but  also  by  exudates  into  the  cavity  of  the  vitreous.  Such  cases  are  often  hard 
to  distinguish  from  gliuiui,  and  are  hence  designated  by  tlie  name  of  pseudo- 
gHoma  (see  page  322). 


fte.  88.— OuoMA  or  rnc  RjrrntA.    MAommD 

tttm  KtioniB  has  Hpr»-a>l  <»v«-r  the  entire  extent  of 
(he  n»tina.  The  latlir  on  it.s  nasal  side,  n. 
h«.H  Iw-en  «."«inilileCly  <'<mKitine«l  in  Ihe  forn)»- 
tion  iif  the  new  gn)Wth.  while  on  thi«  ten»- 
p<iral:  side,  /,  the  external  ivtiiial  layer«  ftr>' 
sUli  ill  iilttce«  preserved  inl  «».  Th'*  j»«r'nil'>- 
fommdon  ftL<Mi  eovers  the  optic  impilla,  .V, 
lnti>  tilt?  excnvntion  of  «hii-h  it  iM-neirnt«««. 
Ill  the  anterior  seKraerit  nf  th»  evel>nll  lie 
Isoljiteil  noi lull's,  the  Iotk'"*'  "f  wliieh,  t.  In 
eiinnefled  with  tlK"  orii  «errntB.  The  nntf- 
ri'»rs«"(riin'iit  'if  tlie*<yel>iill  shows  the  effects 
<jf  till- ltn?r»'n»<'  of  t<»n*rion  :  that  is.  »how«  on 
Ihe  nn.snl  »iili'  llie  aiiplleatloti  of  the  ro«-'!  of 
•  he  Irin  lo  the  wlern  corneal  jiiuelinn.  while 
at  tlie  (>iint  i-iten-KiJondinif  «"  'his  on  Itie 
tenipornl  »iile  the  precursor  of  i«  .xtaphylorna 
Jnter<-«lare  i-an  be  porceiveil  unJer  the  form 
of  on  exeavatioa.  b. 
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iKJimiKS  OF  THE  "RETTSA.-^Iiupturei  of  the  retina  occur  in  consequence  of 
contusions  of  the  eyeball,  even  without  perforation  of  the  remaining  tunics  of 
the  eyeball;  but  these  cases  of  isolated  laceration  of  the  retina  are  extremely 
rare.  The  retina  is  much  harder  to  tear  than  the  chorioid,  since  in  ruptures  of 
the  latter  the  retina  is  generally  found  to  be  nninjured.  Less  infrequent  are  the 
spontaneous  ruptures  of  the  retina  in  detachment  of  the  latter. 

A  transient  alteration  of  the  retina  after  contusion  of  the  eyeball  is  the 
commotio  retina,  described  by  Berlin.  This  is  characterized  by  a  milk-white 
cloudiness  of  the  retina,  which  occupies  either  the  vicinity  of  the  papilla  or  that 
part  of  the  retina  which  corresponds  to  the  point  at  which  the  effect  of  the 
blow  was  felt.  In  many  cases  also  the  spot  diametrically  opposite  is  found  to 
be  clouded.  The  clouding  of  the  retina  disappears  after  some  days,  and  with 
it  also  disappears  the  disturbance  of  vision  which  it  produced.  Probably  the 
condition  in  question  is  one  of  oedema  of  the  retina. 


CHAPTER  XL 
DISEAÜh'S  OF  TBE  OPTIC  SERVE. 

Anatomy. 

101.  The  optic  nerve  (norvus  opticus)  collects  its  fibers  from  the 
retina,  and  passes  from  the  eye  through  the  orbit  and  through  the  optic 
foramen  into  the  cavity  of  the  skulL  Hence,  three  divisions  are  dis- 
tinguished in  the  optic  nerve :  {ti)  The  intra-ocular  termination,  which 
is  found  within  the  sclera,  {b)  the  orbital  portion  from  the  eyeball  to 
the  optic  foramen,  and  (r)  the  iutra-cranial  portion  from  the  optic  fora- 
men to  the  chiasm. 

(n)  Intra-ocular  Divt^imi  uf  the  Optic  Xerve. — To  get  to  the  retina 
from  outside,  the  optic  nervo  must  pierce  the  cborioid  and  sclera.  The 
spot  where  this  takes  place  lies  a  little  to  the  inner  side  of  the  posterior 
jKjle  of  the  eye  (Fig.  48).  The  oi>euing  in  the  sclera  through  which 
the  optic  nerve  leaves  the  eye  is  called  the  foramen  sclera?,  and  properly 
presents  itself  nnder  the  form  of  a  short  canal ;  tlie  segment  of  the 
optic  nerve  lodged  in  this  is  its  intni-scleral  portion.  Considered  more 
precisely,  a  coiripltte  ajierturo  for  the  optic  nerve  exists  neither  in  the 
sclera  nor  in  the  rhorioid,  but  the  two  membranes  conduct  themselves 
a«  follows:  The  external  lamellae  of  the  sclera,  which  occupy  about  two 
thirds  of  its  thickness  (Fig.  84,  .vo),  are  not  perforated  by  the  optic 
nerve  at  all,  but  are  reflected  backward  upon  it  to  form  its  slieaths. 
The  innermost  lamellaj  (*!,  Fig.  84)  of  the  sclera,  on  the  contrary, 
stretch  over  the  foramen  sclera»,  and  are  perforated  by  numerous  open- 
ings designed  for  the  passage  of  the  separate  bundles  of  optic-nerve 
fibers,  ('onsequently,  the  optic  nerve  in  this  spot  is  traversed  by 
numerous  sept«  of  tough  connective  tissue.  The  cborioid,  too  (rA, 
Fig.  84),  stretches  in  a  modified  form  transversely  through  the  optic 
nerve.  Together  with  the  inner  layers  of  th©  sclera  it  forms  the  lamina 
cribrosa,  which  bridges  over  the  foramen  sclerie,  and  is  so  called  be- 
cause it  is  everywhere  perforate<l  by  the  bundles  of  fibers  of  t!ii>  optic 
nerve. 

If  we  look  at  the  optic-nerve  entrance  in  longitudinal  section,  we 
se«  that  at  its  jwint  of  entrance  into  the  sclera  it  is  narrowed  down  in 
a  conical  shape  (Fig.  84),  so  that  the  spot  corresponding  to  the  lamina 
cribrosa  is  the  slenderest  portion  of  the  optic  nerve.    This  narrowing 
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of  the  optic  nervo  appears  still  more  marked  when  we  consider  that  at 
tlie  site  of  the  lanrinii  t.-ribrosa  the  connective-tissue  septa  are  particu- 
larly numerous  auil  nf  large  size.     The  space  left  for  the  nervous  cnn- 
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Fio.  R4.— Head  of  the  Optic  Nbkyc. 

A^  OPBTRAUfaacono  VtKW— SniTi«-what  to  llif  Inner  lUde  of  the  cenbrrof  the  papillA  the  cen- 
tral artf-ry  rises  from  below,  and  tn  the  (einiHiml  Kide  of  It  rises  the  ceiilnal  vein.  At  Ihe 
teiiiiKJrarslile  of  (lie  lair«-r  \\v«  the  tininll  pliy^dnlutcical  exravoticm  with  the  fx&y  Mil|tphii|;  of 
the  latnina  (Tlhroxa.  The  («apilla  im  e[iuir«:le<l  hy  tlie  liifht  M-leral  riug  (lietwee ii  c  and  ft),  aud 
the  dark  chorioidal  rini;  at  d. 

B,  L(i.NoiTrt)iNAL  Sec-tion  tiikoi-or  the  Head  of  rnE  Optic  Nkbvk,  Ma|niU1«(f  H  "  1-— The 
trunk  of  the  nerve  up  to  the  laiulua  crlhrraM  has  a  dark  color  Itecause  it  coDoitit«  of  niedul- 
lat^M  nerreflljers.  ri,  wfiich  have  »Mn-n  tsfHine.!  black  by  Wfljrert'8  nielhod.  The  clear  inter- 
»pfloe*.  «',  sepnrarintr  Ihetii  eurre«ix>nd  t»  the  Wi-pta  coiiiihts«'«!  of  cnnntH-tive  tu>aiit>.  The 
nerve-lriink  is  envt'lo|»'d  tiy  the  Hni-itth  nf  pla  mater,  p,  the  amchniiid  sheath,  rir,  and  the 
sheath  of  dura  mater,  r/ii.  There  ts  a  f ret'  hiterHpaee  retimiuinK  iietween  the  Mheatim,  con- 
aiatinK  of  the  fttilxluntl  ,s|>«ce,  ,w/.  ami  the  HuhamrhlKild  »pace.  iM.  Both  «iWi.-e«  have  a  blind 
endlnft  In  the  seien»  at  •■.  The  sheath  «f  dura  niater  iKU«**  into  the  external  layiTS.  wi.  of 
the  wiera,  theüheath  of  i>la  niater  into  the  internal  layers,  »i.  whirh  Inlter  extend  a»  th»' 
lamina  cribrosa  traiisverm'ly  atTowi  the  tsiurse  of  the  optie  nerve.  The  uer^-e  is  represente«! 
in  front  of  Die  Irtniliuk  as  <if  lijtlit  ciilnr.  Ix-oaii**-  heiv  it  oHiKiKt«  «if  noti  iiiedultnted  and 
b«ncv  trnnxparent  nerre-flljern.  The  i>iillc  nerve  spreads  out  iijxiu  the  retina,  r.  in  snrh  a 
way  thai  ill  ilK  center  Itiere  i.>t  iiriwIiK-exi  ii  funnel  shap«-«!  ilepression.  the  vnwiilar  funnel,  b, 
on  whose  inner  «rII  the  central  artery,  i,  and  the  central  vein,  i\  a^t-end.  Thechorioid.  ch, 
«howg  A  traiLsverw  section  of  its  nnineroim  blixulvejisels,  and  toward  the  reiitia  a  dark  line, 
the  plpnient  eplthelliini :  next  the  nwirKin  of  the  fi>rntfien  for  the  optic  nerve  und  C'irr«K|>oiMl- 
ln>:  to  the  sititallon  of  the  chorioidal  riiiK,  Uie  clmdoid  is  tin>re  darkly  iiiKineiited.  ci  l»  a 
posterior  Abort  cilinry  nrterj- which  rencheh  the  chorii>id  fhroutrh  the  sclera.  lJetw«»entho 
e<l)c»<  of  the  chori<iul.  rf.  and  the  niartrin  of  the  head  of  the  nptio  nerve,  r,  there  Ih  n  narrow 
Intersnace  in  which  the  sclera  lies  ex|His«'d,  and  which  c«jrrvsi)Oüda  to  the  scleral  ring  vteihie 
with  the  oplitlialtnotKMipe. 

etituents  of  the  optic  nerve  is  hence  very  considerably  reduced  at  this  spot. 
How,  then,  is  it  possible  that  the  bumlle  of  nerve-liberg  can  go  through 
this  narrow  passage?     A  glance  at  the  longitudinal  section  of  a  fresh 
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optic  nerve  gives  the  explanation  of  this.  Such  a  section  shows  the" 
nerve  to  be  white  as  fur  »w  t)jo  lamina  cribroea,  while  in  front  of  it  it  is 
of  a  translucent  gray.  The  white  hue  of  the  optic  nerve  in  its  extra- 
«jcular  portion  dt'])f.'uds  ui.K}n  the  fact  that  the  optic-nerve  fibers  here  are 
meilullated,  and  tlierefore  opaque  (in  Fig.  84  they  appear  .black,  incon- 
sequence of  being  stained  with  hematoxylin,  after  Weigert  s  method). 
In  their  passage  through  the  lamina  eribrosa  the  nerve-fibers  lose  their 
myelin,  and  consequently  become  transparent;  hence,  the  translucent, 
gray  appearance  of  the  heatl  of  the  optic  nerve.  With  the  loss  of  the 
myelin  the  diameter  of  each  individual  nerve-fiber  diminishes  very 
considerably,  so  that  their  aggregate  amount  finds  room  in  the  nar- 
row foramina  of  the  lamina  eribrosa. 

The  lamina  crif/rosti  plays  an  important  part  in  pathological  pro- 
cesses. In  the  first  place,  it  is  the  weakest  spot  of  all  the  tunics  of  the 
eye,  bein^  here  constituted  only  by  the  innermost  layers  of  the  sclera 
(togftluT  with  a  few  lamcUie  of  the  cliorioid),  which,  moreover,  are  per- 
foraletl  by  the  foramina  for  the  bundles  of  fibers  of  the  optic  nerve. 
Honeu,  in  case  of  increase  of  tension,  this  spot  is  the  first  to  give  way. 
In  the  normal  eye  the  lamina  eribrosa  runs  straight,  or  with  bnt  a 
slight  backward  curvature,  across  through  the  optic  nerve.  With  in- 
crease of  tension,  it  recedes  more  and  more,  and  thus  forms  the  glau- 
comatous excavation.  A  second  reason  for  the  production  of  patho- 
logical changes  lies  in  the  fact  that  within  the  foramen  sclerse  and 
jiarhruhdrly  witliin  the  limits  of  the  lamina  eribrosa,  tlie  optic  nerve  is 
tightly  inclosed  between  firm,  fibrous  walls,  a  thing  that  occurs  at  no 
other  spot  in  its  course.  Here,  therefore,  when  swelling  of  the  optic 
nerve  Uiki's  place,  constriction  and  strangulation  of  it  may  readily 
occur.  Tlu^  fnrumen  sclera»,  accordingly^  in  this  ctise  piny  a  part  like 
that  which  the  fibrous  ring  of  tho  hernial  orifice  does  for  the  viscera 
lying  in  front  of  it. 

That  p«)rtiiin  of  the  optic  nerve  situated  in  front  of  the  lamina  cri- 
bronu  in  the  iiilorior  of  the  eye  itself  is  the  head  of /he  optic  nerve  (papilla 
n««rvl  optici).  It  is  the  part  of  the  optic  nerve  which  even  during  life 
ran  he  M'.i'.n  by  mean»  of  the  ophthalmoscope.  The  name  pajulla  was 
ihiieivled  by  the  older  authors  under  the  erroneous  impression  that  the 
liend  of  the  optic  nerve  represented  a  projection  into  the  interior  of  the 
oytt.  Till«,  however,  is  only  the  ca.se  in  pathological  conditions — e.  g., 
In  lidlurninatory  swelling  of  the  papilla.  In  the  normal  state,  the  latter 
U  jutrfiu'Hy  flat,  ho  as  to  lie  in  the  same  [dune  as  the  retina,  or  it  actu- 
Nlly  hau  a  central  <le(>rcssioii  (//,  F^ig.  H4).  This  latter  arises  from  tho 
ftt<it  that  I  ho  lllmr»  of  the  optic  nerve  begin  to  separate  from  each  other, 
IKit  at  Ih't  Ii'VhI  of  the  ri'lina  bnt  below  it,  bo  that  a  funnel-shaped 
di'proMlon  in  produc*cil  from  winch  emerge  the  central  ve.ssels  of  the 
irptiri  ntirv««  Thi«  it  tho  normal  vascular  funnel,  which  quite  often  ex- 
|Miri(U  Into  K  pretty  oxtvusivo  depression,  the  physiological  excavation. 
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{Ö)  Orbital  Division  of  the  Optic  Xerve. 

The  optic  nerve  on  its  way  from  tlie  eye  to  the  foramen  optieum 
nviikes  an  8-ähaped  bend  ((^  Fig.  48).  Owing  to  tliis,  tliG  eyebtill  can 
move  freely  within  wide  liniiK  The  movements  of  the  eye  take  phtee 
about  a  center  of  rotation  which  lies  nearly  in  the  tenter  of  the  eyeball, 
lience,  when  the  cornea  is  turned  toward  one  side,  the  jtostcrior  pole 
of  the  eye  goes  about  as  far  to  the  opposite  side.  For  all  excursions  of 
the  cornea  there  are  corresponding  ones,  as  large  in  extent  but  in  the 
opposite  direction,  of  the  posterior  pole,  for  which  reapon  the  latter 
must  be  freely  movable.  If  now  the  optic  nerve  were  stretched  in  u 
straight  line  between  the  eyeball  and  the  optic  foramen,  it  would  keep 
the  ])osterior  segment  of  the  eyeball  fast  in  its  place,  und  hinder  the 
niovenienl8  of  the  whole  eye.  We  see  a  confirmation  of  this  in  those 
cases  in  which  the  optic  nerve  is  pnt  on  the  stretch  by  protrusion  of 
the  eyeball  from  the  orbit.  The  more  pronounced  the  cxophthalmus, 
the  greater  is  the  restriction  of  the  motility  of  the  eyeball.  In  the 
norniid  state,  the  optic  nerve,  on  account  of  ita  S-shaped  curvature,  is 
longer  than  the  distance  between  the  eye  and  the  optic  foramen,  so 
that  it  can  undergo  extension  and  thus  follow  the  changes  of  place  of 
the  posterior  pole  of  the  eye. 

The  orbit;d  portion  of  the  optic  nerve  consists  of  the  trunk  of  the 
nerve  and  the  sheath.s  envclopiug  it. 

(ff)  The  trunk  of  the  optic  nerve  is  composed  of  nerve-fibers  and 
connective  tissue.  The  nerve- fibers  vary  greatly  in  caliber  and  are 
extremely  numerous,  their  amount  being  estimated  at  about  half  a 
mtUifm.  Lying  between  the  fibers  as  a  supporting  substance  is  the 
neuroglia  tissue.  The  nerve-fibers  are  combined  into  bundles  (A,  Fig. 
85)  wliiuli  run  parallel  to  one  another,  and  anastomose  together  by  a 
mutual  interchange  of  fibers.  lietween  the  bundles  lies  the  connective 
tissue  which  furnishes  the  supporting  framework  for  the  entire  optic 
nerve.  It  forms  thick  or  thin  septa  which  are  everywhere  connected 
and  traverse  the  entire  optic«  nerve  (s.  Fig.  85).  Between  the  outer 
surface  of  a  nervc-bundle  and  the  inner  surface  of  the  septa  is  found 
a  space  which  acts  as  a  lymph-cavity. 

{b)  The  shenth»  of  the  optic  nerve  are  three — an  internal,  a  middle, 
and  an  external  one.  A«  tlirse  originato  from  the  three  enveloping 
membranes  of  the  brain,  they  are  designated  by  the  names  of  the  pial, 
arachnoid,  and  dural  sheaths  (Axel  Key  and  Ketzius).  The  inner  or 
pial  .sheath  (;j,  Figs.  R4  and  8.'))  closely  ombracL-s  the  trunk  ut  the  optic 
nerve.  From  it  the  bands  of  connective  tissue,  whiuh  form  the  septa, 
pass  into  the  interior  of  the  nerve;  and  with  them  pa^s  the  blood-ves- 
sels. The  external  or  dural  sheath  {dn^  Figs.  84-  and  85)  is  much 
thicker  than  the  internal  sheatli,  and  surrounds  the  nerve  loosely.  By 
reason  of  this,  a  pretty  broad  space — the  intervaginal  space — is   left 
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between  it  und  the  internal  elieath.  Tlio  nii<Jill(?  or  arachnoid  sheat 
(«r)  was  not  discovered  until  reeeiitly.  It  iiud  C8L"ui)ed  observation  be^ 
fore,  because  it  is  a  very  delicate  pellicle  which  for  the  most  part  ia 
intimately  attached  to  tlie  dund  sheath.  The  middle  sheath  is  united 
by  ntanifold  trabeculiE  of  coriueetive  tissue  to  the  external  and  internal 
Bheaths.  It  divides  the  interraginal  space  into  two  portions,  the  sub- 
dural (.W)  and  sub-arachnoid  (aa)  fipace,  which  communicate  with  the 
cerebral  spaces  of  the  same  names.  These  appear  |nirtieuhir]y  promi- 
nent in  Fig.  tiO,  where  they  are  pathologie.il ly  dilated  by  an  accu- 
niulatiou  of  Ibiid.     Tlie  surfaces  of  the  sheaths,  turned  toward  these 
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Fio.  85.— Caoss-Sccnoy  or  thm  Optic  Nkrve.  with  Amopinr  ow  the  PAPiLU>-iiuci't.Ui 

BVWDLI  (MAOK  4  Vlf.    BCaiHD  TUB   EVBaAtXI.      MAKMFtKD    IS  x   1. 

Th«  optic  nenr«  in  enveloped  In  the  dural  «hrath.  du.  the  araobnoid  Hhoath,  ar,  and  tlie  pial 
iitii^ath,  p.     Bf(wi*rD  the  flrat  and  wvMiDd  Is  fnuiut  tlie  HulMliirnl  8pac<',  wl ;  between  liip  ai>c- 
ood  and  third,  the  arachnoid  »[lace,  «ci.     On  the  otilt-r  and  u[>|K-r  side  of  the  center  of  tli^l 
»ectluii  \n  seen  the  i-entrnl  nr'ery.  >•«  :  and  mure  i-entrally  is  «»en  ihe  centra!  vein     Th^ss' 
are  ««rn>uiided  Ijy  the  iTi  ■-  f  the  nerve-liuTidle». />.  which  ;•  •      "'     i  i  •■ueh 

ijllier  liT  the  wpl'a,  i,  of  <  -^iie.      At  the  teni[>oral  side,  ii  un-iil. 

f>i/i,  Ik  liiatltiKijlHhed  from  i  lie  cnixS'HiM-r.ion  of  the  nerve   <,  Tlits 

corrveixindii  l^i  the  itlmjiiiir     |>m|miii.  macidor  hunille.     Within  the  r. mriiK-. 'ii   \\  iiieenx»- 
■ecUooa  of  the  DervehuinllcN  are  imiTower  and  ttie  >ie[itA  uf  citiineoUve  tinniie  are  lirmuler. 

spaces,  are  provided  with  a  coating  of  cndotheljum.  ro  that  these  spaces 
are  lined  completely  with  eii<lüthelium,atni  must  be  regarded  as  lymph- 
spaces  (Schwalbe). 

Tpon  the  eyeball  the  three  sheaths  hecnnie  united  to  the  sclera. 
The  external  and  middle  sheaths  pa.sg  into  the  outer  two  thirds  of  the 
sclera  (Fig.  84,  »n\  \  the  inner  sheath  goes  to  the  innermost  lamella?  of 
the  sclera  (Fig.  84,  «/'),  which  form  the  lamina  cribrosa,  and  it  is  also 
connected  with  the  clioriuid.  The  iiitervaginal  9|)ace  has  a  blind  end- 
ing situated  within  the  sclera  (Fig.  84,  c).  Posteriorly  the  three  sheaths 
are  continnoud  with  tlie  corresponding  membranes  of  the  bruin. 
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The  blood-vessch  pass  from  the  pial  sheath  into  the  optic  nerve.  In 
adilition,  in  the  anterior  portion  of  the  orbital  division  there  are  found 
the  reutral  vessels  of  tlie  optic  nerve.  The  central  artery  is  a  branch  of 
the  ophthalmic  artery;  the  central  vein  empties  into  the  superior  oph- 
tlialniic  vein  or  directly  into  the  cavernous  eiiiiis.  Both  vessels  enter 
the  optic  nerve  at  u  distance  of  ten  to  twenty  millimetres  behind  the 
eyebiill  (Fig.  84,  e)  and  run  in  the  axis  of  the  nerve  as  far  as  the  pa- 
liillu,  where  they  divide  into  the  retinal  vessels. 

(/'•)  Infrurrauial  Section  of  the  Optic  Xerve. 

The  optic  nerve  leaves  the  orbit  through  the  optic  foramen.  The 
latter  really  forms  a  short  bony  canal  (cnualis-opticus),  which  contÄins 
besides  the  optic  nerve  only  the  ojdithalmic  artery  (lying  on  the  inner 
side  of  the  optic  nerve).  Owing  to  the  fact  that  the  optic  nerve  within 
the  canalis  opticus  is  tightly  inclosed  by  the  bony  walls  of  the  latter,  this 
section^  just  like  the  intra-scleral  portttm  of  the  optic  nerve,  possesses  a 
particuhu*  predisposition  for  morbid  affections.  8iich  affections  con- 
sist in  iiifianimation,  in  comprcssiotj  of  the  nerve  throiig^h  thickening 
of  the  houc,  and  in  its  contusion  and  laceration  in  case  of  fracture  of 
the  bony  wall  uf  the  canal. 

'J'lie  intrarninial  {uirtion  of  the  optic  nerve  extends  from  the  optic 
ftiramen  to  the  chiasm;  is  therefore  short  (><careely  one  centimetre). 
It  is  flattened  and  is  enveloped  only  by  the  pial  sheath,  since  the  other 
two  sheatlis  after  passing  through  the  optic  foramen  become  united 
with  the  two  outer  membranes  of  the  brain. 

C'onlinnation  of  the  Fibers  of  the  Optic  Kerve  to  the  Cerebral  Cortex. 

The  two  optic  nerves  join  together  in  the  chiasm,  where  they  form 
an  intimate  anastomosis,  and  then  on  the  posterior  side  of  the  chiasm 
make  their  appearance  agaiti  as  the  optic  tracts.  The  chiasm  lies  in 
the  optic  groove  of  the  body  of  the  sphenoid  bone,  directly  in  front  of 
the  infundibuhtin.  Starling  from  the  chifvsm  the  optic  tracts  pass 
backward,  diverging  as  they  go,  and,  wiudiug  about  the  cms  cerebri, 
arrive  on  either  side  at  the  external  and  intenial  geniculate  bodies 
(into  which  last,  however,  they  do  not  penetrate).  From  this  point 
the  optic  flbers  pa.ss  to  the  most  various  parts  of  the  brain.  Two  bun- 
dles of  fibers  are  of  particular  importance — the  tibera  (Fig.  8ü,  nt) 
which  go  to  the  nuclei  of  the  oculomotorius,  A\  and  the  fibers,  .S', 
which  jiass  to  the  cerebral  cortex,  B.  The  former  regulate  the  move- 
ments of  the  ocular  muscles  and  the  reflex  action  of  the  pupils ;  the 
latter  render  possible  the  perception  of  the  object  seen.  The  fibers  of 
the  optic  tract  which  are  destined  for  the  cerebral  cortex  pjws  through 
the  optic  thalamus  and  through  the  posterior  portion  of  the  internal 
capsule  (üratiolet's  opti«;  radiation)  to  the  cortex  of  the  occipital 
lobe,  and  mainly  to  that  division  of  it  wliicli  is  known  as  the  cuneus. 
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Th*T  here  terminate  in  the  ganglion-cells  of  the  cortex,  within  a  dis- 
trict which  iü  known  as  the  optical  area  of  the  cortex,  or  the  visual  ephcrre 
(If  ank).  Within  the  ganglion-cells  the  excitatioD  set  up  in  the  optic- 
Berw  fibers  is  transformed  into  sensation  (sensory  perception),  so  thai 
it  i»  here  that  the  object  seen  comes  within  the  domain  of  conscious- 
BCML  In  the  ganglion-cells  which  hare  once  been  subjected  to  excita- 
tion permanent  changes  remain  (memories),  which  b^ome  so  intense, 
partictilarly  upon  a  pretty  frequent  repetition  of  the  same  excitation, 
that  by  means  of  them  we  are  able  to  reproduce  in  our  consciousness 
an  object  formerly  seen  (optical  memory-pictures).  Upon  destruction 
of  the  cerebral  cortex,  excitations  of  the  optic-nerre  fibers  cither  fail 
altogether  to  become  objects  of  consciousness  or  on  account  of  demoli- 
tion of  the  optic  memory-pictures  they  no  longer  evoke  the  recollection 
of  anything  alrearly  known.  Objects  arc  seen,  to  be  sore,  but  are  not 
recognized.  These  cases  are  known  as  cortical  or  psychical  blindness. 
We  have  still  to  study  more  exactly  the  course  of  the  fibers  of  the 
optic  nerve  in  the  chiamn  itself.  It  is  not  a  complete  bat  only  a  partial 
docossation  (»emi-decunsaliun)  of  the  fibers  that  takes  plac%  hero.  In 
order  to  understand  the  arrangement  of  the  fibers  it  is  best  to  start  from 
the  eyeball  in  making  our  examination.  Let  us  suppose  a  sagittal  plane 
(  r,  Fig.  8Ö),  passing  through  the  fovea  centralis  (/),  tu  be  drawn 
through  the  retiua  {Ji)  of  the  right  eye.  The  fovea  divides  tlie  retina 
into  two  halves,  a  right  or  temporal  half  (r)  and  a  left  or  nasal  half  (0- 
The  fibers  (indicated  by  dotted  lines  in  the  figure)  which  spring  from 
the  right  half  pass  backward  irjto  the  optic  nerve  (0),  and  go,  keeping 
all  the  while  upon  the  right  side,  to  the  right  optic  tract  {T).  The  sum 
of  these  fibers  is  hence  known  as  the  non-decussating  bundle.  But  the 
fibers  whirh  i)roceed  from  the  It-ft  half  (/)  of  the  retina  of  the  right 
eye  i)jui8  over  to  the  left  side  in  the  chiasm,  so  as  to  be  found  in  the  left 
optic  tract  (T^).  They  form  the  decussating  bundle.  The  like  is  true 
of  the  fil>ers  belonging  to  the  left  eye.  They  all  lie  together  in  the  left 
optic  nerve  ( O,),  and  Ijccomo  separated  in  the  chiasm  ;  the  fibers  coming 
from  the  left  half  of  the  retina  pass  into  the  left  optic  tract,  those  from 
the  right  half  of  the  retina  into  the  right  optic  tract.  Each  optic  tract 
therefore  contains  fibers  from  both  eyes.  The  right  optic  tract  consists 
of  the  non-decussating  fibers  from  the  right  half  of  the  retina  of  the 
right  eye  and  the  decussating  fibers  from  the  right  half  of  the  retina  of 
the  left  eye.  Accordingly,  the  right  hulvüs  of  both  retin»  (r  and  r,), 
Rn<l  no  the  loft  halves  of  both  visual  fields  { ^r'j),  belong  to  the  right 
tract.  Ik-nce,  the  perception  of  all  objects  situated  to  the  left  of  the 
median  line  is  conveyed  along  the  right  optic  tract  to  the  cortex  of  the 
right  homisphcre;  the  latter  is  thus  designed  for  the  apprehension  of 
the  left  half  of  tlie  external  world.  The  converse  is  true  of  the  left 
homi8|ilu're.  Thus  the  nerve  subserving  the  sense  of  sight  is  in  har- 
mony with  other  nerves,  all  of  which  terminate  in  the  hemisphere  of 
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the  opposite  side.     This  ig  the  case  both  with  centrifwtal  and  centrifu- 
gal nerves.     What  we  touch  with  our  left  liund  becomes  an  object  of 
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Fio.  86.  — 80HKMATIC  Rkprcskktatioh  or  thb  Ophc  Tract«. 
The  field  of  riston  common  to  the  two  fyca  is  coinpoet*«!  of  n  riKht  half,  (I.  and  a  l*ft  half,  CT,. 
Thi'  foniit?r  corivgponilH  to  the  left  lialf,  /  und  /..  of  the  two  retina',  the  latter  t«»  the  ri^ht 
hall,  r  and  r..  The  boumlur)-  tH-t»e«*n  the  two  fuilves  nf  the  reliiia  Us  formed  by  the  vertieo! 
iiieriiliaii.  Thiit  pamefi  LhmuKh  the  f«irea  i-eiitralm. /.  in  whtoh  the  viiMial  lineH  drawn  rniiri 
the  lixe<l  fxiint,  F.  Iinpiogv  ujxxi  the  retina.  The  nplie  nerve-fltier«  arisintr  from  the  ri>;ht 
lialf,  rami  r,.  of  tbe  two  rvtjnw  (iudiouletl  hy  Üie  doltml  linei  all  |>ass  into  the  ri^ht  optic 
Irorl,  7',  while  tlio  fltxT»  N-loiiffinff  to  the  lefllmlf,  I  and  /,,  of  tlje  two  retiuju  jwis«  iolo  the 
left  optli.^  traot,  T",  The  tlbt-rsof  eaeh  optii:  tract  for  llie  Mi.*it  [jart  ytOM  to  thi>  oi>rtex  Of 
the  01-ripital  lolie,  li,  romiinK  firatioletH  optii'  radinlion,  .V  ;  the  stnmller  p<ir1ion  of  Ihein,  m. 
fiof^  to  the  ot'iilo-niotor  iMirleiiJi.  A'.  This  eoiiKlsts  of  a  series  of  {lartiul  nticlel.  the  most  an- 
terior of  whioh  Kemi«  HIrTs,  /",  to  the  i>iii;il  iKjphlnoter  iridisi ;  the  next  one  wnds  fibers.  A, 
Uy  the  niu«cle  nf  ncoummmlatlon  ;  an<l  the  third  sends  flt)ors,  C.  to  the  converRinif  museie 
(Internal  rectus,  i».  All  thrtH-  buiidleN  of  fltn-rs  nin  t<)  the  eye  in  the  inink  of  itie  oculo- 
motor nerve,  <jr.  Tiivi»ion  of  tbi?  optic  Iraet  lit  7  «  or  iit  r  f  prrntuce«  right  hetniopin  :  and 
In  the  fijrnier  ease  there  wonid  h<<  no  reaction  to  lli;hf  on  ilhiniinatluK  the  left  half  of  either 
retina.  IMvi.sion  of  the  ehioHm  at  i«  «  pro«luc«i  ternimnil  lieniiopla.  Division  of  the  fll>ern. 
»11,  iilnilixhes  the  n>ftellon  of  the  pupil  to  lijtht.  hut  lenveti  the  filttht  and  ateo  the  oawciated 
coiitractii>a  uf  (he  pupil  111  accommodation  and  ot>nvergence  unafTected. 
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consciousness  through  excitation  of  the  cortex  of  the  right  side  of  the 
cerebrum,  and  destruction  of  a  certain  j)ortion  of  the  latter  entails  • 
loss  of  the  voluntary  movements  of  the  left  arm.  The  sense  of  sight 
appears  to  form  an  exception  to  this  rule,  since  each  eve  is  connected 
with  both  hemispheres.  This  exception  ceases  to  exist  if  we  dis^tribute 
the  visual  sensations  in  accordance  with  the  halves  of  the  field  of  vision 
to  which  they  correspond.  Ererylhiny  which  the  observer  nees  on  the 
left  Ktde  of  him  become»  an  object  of  consciouftte»»  through  exritation  of 
the  cortex  of  the  riyht  occipital  region^  and  vice  versa. 

The  fact  of  serai-decussation  affords  the  explanation  of  an  important 
▼ariety  of  visual  disturbance,  hemiopin,*  Let  us  suppose  that  the  con- 
tinuity of  the  left  optic  tract  (Fig.  86,  7*,)  is  interrupted  at  any  spot — 
e.  g.,  at  g,g.  In  this  case  the  left  halves  of  both  retinae  (/  and  /,)  would 
be  cat  off  from  their  connection  with  the  cortex  of  the  left  hemisphere. 
The  right  half,  6',  of  the  fields  of  vision  of  the  two  eyes  would  be  want- 
ing, BO  that  only  the  left  halves  of  all  fixed  objects  would  be  seen.  In 
like  manner,  the  left  halves  of  both  visual  fields  would  be  lost  npon 
destmction  of  the  right  optic  tract,  Ilemianopia  thus  originating  is 
oalled  homonymous  or  lateral  (Fig.  8T).  The  same  thing,  of  course, 
would  also  happen  if  the  destruction  did  not  affect  the  optic  tract  itself, 
bat  a  spot  placed  higher  up  (e.  g.,  <<,  <>)— iu  fact,  even  the  cerebral  cortex 
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Fm.  I?  —  Hqwovtmocs  HunoRA.    fAimt  ScvmoenL) 

The  UMa  «Ucta  lia*«  be«*  Mt  wUi»  covrnqiaail  to  Ute  bA  halTcs  of  the  riaoa]  flrtd«.  ff  aad  ET 

o(  the  ri«hl  «od  Mt  «yc  wtaleb  art  atlll  iuuet :  t,  irmporal ;  m,  nacal  aj«}«. 


itselL  Homonymons  hemiopia,  therefore,  is  always  indicative  of  a 
tenon  which  lies  to  the  central  side  of  the  chiasm  and  upon  the  same 
side  as  the  blind  half  of  the  retinie. 

If  the  chiasm  is  di\'ided  by  a  sagittal  section  (*,»,  Fig.  86)  into  a 
right  and  left  half,  all  the  decussating  fibers  are  severed,  while  tlie 
Don-decassating  bundles  remain  intact.  Since  the  decussating  bundles 
supply  the  inner  halves  /  and  r^)  of  the  two  retin»,  theae  portions  of 


•Prom  ^ßtrvu  halt  *r>d  *f.  vision.    B»  innnr  niithors  tin?  t«nn!t  hemiannpi«  or 
hwaJMOTprfM,  formed  bjr  the  interposition  of  m:  k  primtivr.  «iv  emplojred. 


DISEASES  OP  TUE  OPTIC  NERVE. 


420 


the  retina  would  be  throwii  out  of  use,  and  thus  the  outer  (temporal) 
half  of  the  two  visual  fields  would  he  snjipresst'd.  This  form  of  visiml 
disturhaiiee  is  thoreforo  called  icmponil  ht-mioina  (Fig.  88).    The  sume 
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FlO.   fif.— TKKPORaI.  nOlt«)Mj».      IAPTRR  ScHWErOOER) 

Thcsretia  left  whiU-  iv>nvrt|xincl  t»  th»-  imsal  hnlnwor  Ihc  viHiial  Dfldx,  RanAl^ot  the  right 
and  iL'ft  i-yt-,  uiiieh  are  slitl  iiitacl  :    (,  U-m|>oral  ;  h,  iuuuU  Kid«. 

thing  might  also  be  caused  by  a  lesion  (e,  g.,  a  tumor)  existing  in  the 
unterinr  or  posterior  angle  of  the  chiasm,  where  decussatiug  fibers  alone 
lire  <>ituated. 

The  hypothesis  of  a  »efni-ilfrumition  of  the  optic  nerves  was  tnudc  by  (w 
rcmotf  an  observer  aa  Newton,  wlio  wa.^  led  to  it  by  tin-  ohwrvjitidn  <if  certiiin 
oases  of  bemiopia.  In  fact,  lieruiopiii  cuii  not  ho  adetpiately  e.\])lnined  in  imy 
other  way  than  U|K>n  the  assumption  of  u  ^iemi-deeu!«^ati(l^.  This  ussumption, 
tlierefore,  pas^sed  for  u  well-established  fact  uutil  it  wsia  attacked  upon  the  basis 
of  anatomical  inve^itigations  (by  Biesiadecki,  Mandelstamm,  and  above  all  by 
Michel).  In  man  the  fibers  of  the  optic  nerve,  which  in  some  parts  are  very 
minute,  are  so  intimately  intcrlaoed  that  it  is  not  jKiKsible  to  folhiw  them  with 
certainty  on  their  way  tlirnugh  the  chiasm.  Accordiiijrly,  oh.<ervers  tnmed  fur 
iufurrnalion  to  cuinp.ihitive  anatomy,  which  presi'uts  ii»  in  animal»  with  much 
»{«npU-r  ei»nditi<uis.  The  s)m]>le«t  caw  «xrurH  in  fishes,  in  which  the  two  optic 
nerves  eitlu-r  merely  cros.s  over  each  other  (in  the  bnny  fisiicsj  or  in  which  one 
optic  nerve  passes  through  a  slit  in  the  other  {in  the  herring).  In  the  ami)hilna 
and  binls  Ihe  conditttms  are  more  complicated,  but  are  s-till  always  easy  to  make 
out.  In  them  each  optic  nerve  divirk-s  into  a  mimbi  r  of  flat  bundles,  which  all 
pass  over  to  the  other  wide,  ink'rlaciiif;  with  the  bundles  of  the  op|)osite  side  wn 
they  cross,  in  the  sjmie  fashion  as  the  intertwined  finjr« th  of  two  hand«  when 
clasped  tofjethi-r.  There  is  no  douitt,  therefore,  that  in  the  lower  vertebrates  a 
complete  decussation  of  the  optic  nerves  exists;  the  only  mistake  that  has  been 
made  Is  in  concluding  from  this  fact  that  we  «re  justified  in  assuming  the  same 
condition  to  hold  pood  for  the  higher  vertebrates  also. 

Gudden  ha>i  the  credit  of  having  detinitely  demonstrated  by  his  experiments 
the  true  state  of  the  case  in  the  higher  vertebnites.  He  employed  for  this  jmr- 
jK>se  tlie  method  of  an  artiticially  induced  atropliy.  When  a  portion  of  the 
body  is  removed,  the  nerve-flbers  wlijdi  niii  to  it  become  atrö]>hied  (ascending 
Mtruphy).  Tills  atrophy  rise»  liigher  and  higher  toward  the  brain,  the  younger 
the  i>cr«on  is  and  the  longer  the  time  that  hu«  eiupsed  »iuce  the  removal  of  the 
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portion  of  the  Wxly  io  ijueÄtion.  80  also  atropliy  of  the  trunk  of  a  nerve  do^ 
lo  ltd  termination  !H!ts  in  when  tlie  nerve  is  cut  off  from  its  connection  with  it 
central  or^n  by  tlie  division  of  itj»  root  (descending  atroj)hy).  Methods  bus 
upon  both  of  these  principles  were  applied  by  Gudden  to  the  organ  of  vi&ioi 
inasmuch  as  he  performed  either  enucleution  of  one  eye  or  divi«ion  of  one  optic 
tract,  and  etudied  the  cours«  of  the  conseipient  atrophy.  If  the  riglit  eye  b 
enucleated  in  a  new-bom  puppy,  and  some  time  afterward  the  animal  is  killed 
and  examine<i,  the  right  optic  nerve  is  found  to  be  completely  atrophied;  it 
consist»  <»f  a  thin  strand  of  connective  tissue  without  a  trace  of  ncrvc-fihrrn.  If 
complete  decussation  of  the  oj)tic  nerves  took  place  in  the  chiasm,  this  c«im- 
plete  atrophy  would  necessarily  l>e  continued  into  tlie  optic  tract  lying  on  the 
opposite  or  left  side,  while  the  optic  tract  of  the  right  side  would  be  perfectly 
intact.  This,  however,  is  not  the  case;  in  the  left  optic  tract  there  ia  still  a 
slender  bundle  of  nerve-fibers  which  has  escaped  atrophy.  This  can  only  origi- 
nate from  the  left  optic  nerve,  and  must,  accordingly,  be  a  non-decussating 
bundle.  So  aLso  in  the  apparently  normal  right  o)>tic  tract  there  is  found  11 
thin  bundle  of  atrophic  filers  which  must  spring  from  the  right  optic  ner\'e, 
and  which  corresponds  to  the  non-decussating  bundle  of  the  right  side.  Hence, 
in  the  doga  »emi-decuHsalion  ihx's  exist,  although  the  decussating  i.s  much  more 
pronounced  than  the  non  dccu.ssating  bundle.  In  rabbits  this  disproportion  is 
still  more  marked.  In  them  the  non-decussating  bundle  is  so  attenuated  that 
at  first  it  esca]>ed  Gudden's  notice  altogether.  On  the  other  hand,  in  man  the 
non-decussating  bundle  approximates  the  decussating  one  in  size,  the  former 
containing  about  two  fifths,  the  latter  three  fifties  of  all  the  optic-nenre  fibers. 
Id  default  of  experiments,  accident  rendered  the  determination  of  this  reUtioa 
possible  in  man.  Op|K)rtunities  were  hud  of  holding  autopsies  on  men  of  ad- 
vanced age  who  haii  lost  one  eye  in  chiIdhcK>d.  In  such  subj'*cts  it  was  found 
that  the  complete  atrophy  of  the  single  optic  nerve  was  distributed  between  the 
two  optic  tracts  in  such  a  way  that  the  tract  of  the  opiwsite  side  was  always 
somewhat  more  atrophied  than  that  of  the  same  side.  Hence  the  following 
statement  may  be  made  of  the  facts  of  the  case :  In  Ihr  hneer  rerteftratf»  mm- 
pUU  tUr-ujuvition  of  the  optte  nrrtai  Uikfa  pUice  ;  in  muny  of  the  hi'jher  ttrtebrate»  a 
ptirtiat.  fiMUMnilion  t^iat«,  thf  partial  charaetrr  of  tehieJi  ia  the  mote  yronouiwed  the 
ni'itrrr  nkin  the  iinhiml  in  to  tunn. 

We  com]irehen«l  the  n-oson  of  the  foregoing  fuct  if  we  start  from  the  law 
that  the  optical  perception  of  all  objects  whieli  are  situated  on  the  right  side  of 
the  body  is  effected  by  means  of  the  left  cerebral  hemisphere,  and  vice  versa.  In 
tlie  lower  vertebrates,  and  in  fact  even  in  most  birds  and  mnmiualia.  the  eyes  arc 
placed  so  much  on  one  siiK>  of  the  head  that  the  animal  is  iimible  to  see  any 
point  whatever  with  both  eyes  at  once.  The  fields  of  vision  of  the  two  eye»  air 
|icrfectly  distinct.  The  right  eye  sees  nothing  but  tSitise  object.s  which  are  situ- 
ated on  the  aniraiil's  right  side;  accordingly,  the  fibers  of  the  optic  nerve  origi- 
nating from  this  eye  must  all  jiass  to  the  left  hemisphere,  for  which  reason 
complete  decus-sutiou  of  the  optic  nerves  takes  place.  In  the  higher  vortebmt«-^ 
— 0.  g..  m  the  <log — we  begin  to  find  the  eyes  placed  farther  forward.  Ohjpct-i 
straight  in  front  of  them  situated  in  and  clo.se  to  the  median  line  can  therefore 
be  seen  by  both  eyes  at  once,  so  that  in  this  locality  the  fields  of  vision  of  iht- 
two  eyes  |)artially  ovtrlap,  and  there  exists  a  small  common  (binocular)  field  i>f 
vision.  The  right  eye.  to  l»e  sure,  is  mainly  designed  for  the  vision  of  object» 
situated  on  the  right  side  of  the  body,  but  it  also,  by  means  of  the  extreme 
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tpmponil  portina  of  äta  retina,  presides  over  a  small  are;»  to  the  left  of  the  median 
line.  The  optic-nerve  filwrs  springing  ffom  this  pirtiun  of  the  retina  must  go 
to  the  cortex  of  the  rij;ht  cerebral  hemittphere,  because  they  trauc^imit  the  iinjires- 
siona  of  objects  lyinj;  i^mjii  the  left  side  of  the  body.  These  üben»  ennstilutc 
the  non-decu»»iting  bundle;  anil  this  latter  i»  .smitll,  beciiusc  the  urea  of  retina 
corres]>onding  to  it  is  of  but  jäli^bt  t-xteut. 

Lastly,  in  man  tjotli  eyes  lie  in  the  frontal  jilune,  so  that  almost  all  objects  aro 
seen  with  both  ut  the  same  time.  Aceordiiigly,  the  visual  fields  of  the  two 
eyes  arc  to  a  largo  extent  coincident,  so  that  there  is  formed  ii  large  binorulur 
field  of  vision  (the  area  left  white  in  Fig^.  8Ö).  Each  eye  sees  objects  Iwtli 
upon  the  right  and  upon  the  left  side  of  the  body,  for  which  reason  one  part  of 
tlie  tibers  nf  the  optic"  nerve  Ixdonging  to  it  go  to  the  right,  anotlier  part  to  tlie 
left  heinis])here.  To  be  surf,  the  visual  tield  of  each  eye  extends  farther  to  I  he 
temporal  than  to  the  nasal  side  («i-e  page  23  and  Fig.  14).  Ibiice,  it  follows 
that  the  nasid  hulf  «if  tln!  retina  is  larijer  than  the  tennponil,  and  as  the  iibers 
whieh  spring  from  the  former  puss  over  in  the  chiasm  to  the  opposite  side,  the 
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1*10.  99.— BiJtocrtjiii  FtiLn  or  Vibio».  f.^rrtR  Mrtstii  ) 
Tbe  Unflottiwl  Hoe,  l„  bouD<lK  the  vHunl  flcUl  fif  the  left  pye.  th<»  ilori.-i(  line,  ff,  the  rtoujil  ««^Id 
of  thi?  rifslil.  Tl««'  nifMlitij  ixirtiini  of  the  Iwif  visuiil  n»*lilM  invrltip  r<>  a»  «istftit  »liovrii  hjr 
the  iflirfno»  l«»rt  white.  Thl«  in,  ai!c»rdli>Kly.  ilu-  liiiUM-ulur  iWIil  of  vision,  all  'ihirt-is  in  whioli 
erw  s«Ti  by  lw>th  pv«'s  «t  Ihf  Hnan;  time.  In  Its  ccriler  lips  the  jxiint  nf  UxHtion,  f.  ami  at 
I'llluT  »irte  of  til.«  lätttfr  the  blind  spots,  r  atui  f.  of  Ww  rljclit  aaü  frft  eve.  .\iljoiniiiK  fiOifr 
siile  of  the  biiuxiiliir  flelil  of  visi.m  are  th»*  teiiiptrral  diviKl.-m«  of  the  l^rovisimi  fields  ttii« 
•ImdcwJ  areji»  lu  tlie  ligurvi,  objecth  In  »hioh  are  stn:n  with  oue  eye  iilotiH. 

number  of  derussating  fibers  in  the  optic  nerve  is  necessarily  8i>mewhat  larger 
even  in  man  than  tbe  nmnbtT  i>f  tlinse  which  do  not  derus.sBte.  The  wbv  ifi 
which  Jhe  oiitic  nerves  decussate,  therefore,  depends  upon  Ihr  rehition  of  the 
ficld.s  of  vision  of  the  two  eyes.  If  the  two  ticld.s  are  comjiletely  sejiarated, 
total  decussation  exists.  If  there  is  a  hjnociilar  fieUl  of  vision,  semidecussation 
t.ikesi  place,  and  this  is  the  morti  pronounced  the  larger  the  binocular  field  of 
vision. 

Hmtiopia  in  the  more  extended  sen,*«  of  the  term  exists  not  only  when  nn 
entire  half  of  each  visual  fiehl  is  wanting,  but  also  when  there  is  a  deficiency 
wSiich,  though  smaller,  occupies  a  »symmetrical  position  in  the  visual  fields  of 
the  two  eyes  (incomplete  hemiopia,  Wilbrand).  In  (iiis  c«.se,  too.  there  is  a 
lesion  of  the  fibers  of  the  optic  nerve  above  the  chiasm,  only  now  simply  a  por- 
tion instead  of  all  the  fil)ers  of  one  tract  (or  of  its  continuation  to  the  cortex)  ia 
destroyed.  It  very  often  happens  in  typical  hemiopi?i  thai  the  field  of  vision  i."» 
not  divided  exactly  in  half,  the  vertiail  liorderof  the  ftehl  bending  out  a  little 
at  the  site  of  the  point  of  fixation  (Fig.  87),  so  that  the  portion  of  tire  iield  «if 
vi.Hion  corresfionding  to  the  macula  lutea  is  prcserve<I  intact.  We  must  con- 
clude from  this  that  the  macula  lutea — m  contnidistiactloa  to  the  rest  of  the 
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ri'litia— ifl  Biippliod  throujjfhout  its  whole  cirtent  by  fibpre  arising  from  both 
licrnJBphi'refi.  Tin;  favomble  eharacter  of  this  arrangement  is  in  accordance 
with  the  functional  importance  of  this  reg^ioa  of  the  retina.  We  fihall  see  later 
on  that  the  nuniljcr  of  libers  which  ar«  destined  for  the  macula  lutea  is  also  ex- 
tremely large. 

How  lire  the  nerve-fibers  coming  from  the  difTerent  f>art8  of  the  retina  situ- 
■t<Kl  within  the  trunk  of  the  optic  nerve  from  the  eye  to  the  chiiisiu?  Our 
knowledge  in  regard  to  this  pmbleni  dutes  frrnn  very  recent  times,  and  has  been 
worked  out  from  the  exaiiiiuuti<m  of  patlioliijrical  cases — e.  g.,  in  a  casw  of 
optic-nerve  diwase  a  deliiieucy  in  the  vLsujil  litld  1-*  nii»(le  out  during  life;  upon 
antopny  a  lesion  is  found  in  a  certain  portion  of  tlic  trunk  '>f  the  nerve.  We  are 
then  ju.Htiflcd  in  asHuming  that  the  bundle  of  ner\-e-tHH'rs  which  give  evidenti» 
of  lesion  ajipertain  to  that  region  of  the  retina  which  eorresj^xjiids  to  the  defect 
in  the  (ii'lJ  of  virion. 

The  Jiliera  of  tht  ojtik  verm  upon  cnfiTJiig  the  interior  of  th<'  eye  spread  out 
tik<-  »  hhi-af  to  form  the  most  internal  (nio.-<t  unterior)  layer  of  the  retina.  The 
fibers  which  are  situated  along  the  uKirgiti  of  the  papilla  terminate  in  the 
vicinity  of  the  latter.  The  nearer  the  tiders  lie  to  the  axi«  of  the  optic  nerve 
the  greater  ia  the  dJHtance  that  they  have  to  tniver^e  in  the  retina  in  order  to 
reach  the  level  of  the  next  layer  of  the  retina— the  ganglion-cell  layer — with 
which  they  are  continuous.  Acconlingly,  the  following  may  be  enunciated  as 
reprt'McntJng  the  state  of  the  case:  Those  filHTs  which  come  from  the  |»crijihcnil 
|Kirti<>nH  of  the  retina  lie  in  the  center  of  the  optic  ner\'e,  while  those  which  t\-^' 
fnwi  the  ci'utnil  regions  of  the  retina  lit-  along  the  murgin  of  the  nerve.  It  is 
di-serving  of  mention  that  the  bundlcÄ  of  nerve-fibers  üiituatcd  nearest  the  margin 
of  the  nerve — i.  e.,  directly  lieiicath  the  |)ial  sheath — regularly  undergo atrrijdiy 
in  »dvnnced  life.  The  «ame  is  true  of  the  bnndtes  of  nervc-tibcr»  adj«)ining  the 
central  vesKeln.  Thom-  fibers  which  rttipjdy  the  retina  from  the  macula  lutiii  to 
the  [lapilla  <tlio  so-calkMl  ptpilhi-untcuhir  rfnum)  take  on  a  .s|K>ciaI  form  of  ar- 
rangement. Ill  that  tlivisiiiti  of  the  opiic  iutvc  which  adjoins  the  eyeUdl, 
they  are  aggiegated  in  the  form  of  a  sector  whose  a|K'X  is  directeil  toward 
the  Center  of  (lui  nerve,  while  its  base  currc^poials  to  the  outer  murgin  of 
the  Ittter  (the  pulerlooking  bundle,  pm,  in  Fig.  H.")).  Farther  back  the  ar- 
nuigi'ment  changes,  so  that  these  fibers  get  to  lie  in  the  axis  of  the  nerve  (Srim- 
claohn,  who.sc  statements  were  subsequently  confirmed  by  others,  such  as  Nft- 
tlei«hi]),  VoAsitw,  Bunge,  and  UtholT).  The  sector  occupied  by  the  ]>npillQ- 
macular  bundle  nuiouuts  to  about  one  third  of  the  entire  crot»»-«ection  of  the 
optic  uervc.  Tht.s  is  very  large,  when  we  consider  that  t he  corrcpjKtnding  region 
of  the  rvtinn  cnnstitiites  but  a  small  fraction  of  the  entire  retinal  surface.  This 
r<>lation,  in  fact,  is  in  harmony  with  the  predominant  importance  of  this  n-gion 
of  the  retina.  It  gives  sup|K>rt  to  the  a^umption  that  each  one  of  the  temtinni 
clcment.M  in  the  macula  hitea  is  connected  with  the  brain  by  a  nerve-til)er  of  its 
own,  so  that  exrit^itions  of  this  dement  are  conveyed  to  the  brain,  isolatcfl  fn)m 
other«,  white  in  the  ]M^npheral  fairtions  of  the  rvtina  probably  n  number  of 
terminal  elements  are  continuous  with  one  common  fiber. 

(.>ur  kn<iwle<lge  in  regard  to  the  course  of  the  optic  fibers  can  l>e  applic«! 
practically,  inasmuch  »is  it  enables  u»  to  determine  precisely  the  witwitivn  of  n 
U-*ion  in  the  optic  tract.  In  this  instance  wc  arc  dealing  with  c^ses  in  which  a 
defect  exist«  in  the  visual  field  without  the  ophthalmoscope  showing  nay  diseaM 
of  the  drip  tunics  of  the  eye,  so  that  the  defect  muist  be  referred  to  some 
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in  the  conduction.  In  all  cases  in  uhicli  the  defect  in  the  %'isual  field  is  con- 
tainted  in  one  eye  only  or  in  which,  while  there  are  defects  in  t>oth  eyes,  they  ore 
not  symmetrically  situated,  the  lesion  must  be  üented  in  the  optic  nerve  itself — 
that  is,  in  front  of  the  chittsm— since  all  interruptions  on  the  further  side  of  the 
chiasm  result  in  the  production  of  symmetrical  defects  in  the  visual  fields.  For 
the  same  reason  complete  blindness  of  one  eye,  the  other  one  Ix'ing  intact,  must 
be  referred  to  an  affection  in  front  of  the  chiasm.  Central  scotomatu  correspond 
to  an  affi-ction  of  the  papillo-macular  bundle.  In  temporal  hemiopia  the  lesion 
IB  eeateil  in  the  chia.sui  itself.  Ilomonynioua  hemiopia,  or  less  extensive  but 
still  Bymmetrical  defects  in  the  field  of  viKion,  depend  ujxjn  a  disturbance  above 
the  chiasm.  If,  in  addition,  tliere  is  loss  of  the  reflex  movement  of  the  pupil 
when  light  is  thrown  upon  the  blhided  portion  of  the  retina  (Wernicke's  lienii- 
opic  pupillary  reaction),  tiie  break  in  the  conduction  mu.^t  lie  below  the  R|H>t 
at  which  the  fibers  to  tlie  oculo-motor  nucleus  are  given  off — i.  e.,  they  mast 
lie  in  the  uptic  tract  ititelf ;  but,  if  the  pujullary  light-reflex  is  intart.  the  lesion 
is  to  be  located  higher  up— e.  g.,  in  the  optic  thalamus,  in  the  internal  capsule, 
or  even  in  the  cortex  of  the  brain  itself.  Finally,  a  cortical  lesion  must  be 
assumed  to  exist  for  those  rare  cases  in  which  there  is  hemiopia  only  for  the 
color-scnüe  or  for  the  light-sense,  while  the  field  of  vision  for  the  M[)ace-sens« 
(that  is,  of  the  visual  field  taken  by  the  ordintiry  method  of  examination)  ia 
normal;  for  the  channels  of  the.*e  tliree  varieties  of  perception  have  in  all  re- 
B{iect.s  H  common  course,  and  only  id  the  cortex  of  the  brain  become  separate,  ao 
AS  to  terminate  in  distinct  centers. 


1.    IXFL.XMMATIOX    OF   THE    OlTK^   NeUVE. 

102.  Inlliimmation  of  the  optic  nerve  (neuritis  optica)  may  make  its 
appearance  at  any  spot  whatever  of  the  nerve.  Of  course,  it  is  directly 
visible  in  the  living  eye  only  when  the  oplio  ptipillu,  which  is  accessible 
to  ophtlialrtiüscopic  examinalion,  is  involved.  8uoh  ca.ses  we  designate 
HS  neuritis  intra-ocnlaria  or,  on  account  of  the  changes  in  the  papilla, 
as  pa[Mlliti3  (Leber).  From  thoni  are  to  be  distinguished  those  cases  in 
which  the  infiamination  is  located  in  a  portion  of  the  optic  nerve  which 
is  situated  farther  buck  (netiritis  retrobulbaris).  Since  in  this  case  the 
focus  of  inflammation  can  not  be  seen,  its  existence  must  be  inferred 
from  the  other  symptoms. 

(ff)  Neuritis  Intrn-ocvlnris. 

SjTQptoms  and  Course. — Neuritis  of  the  jtapilla  of  iho  optic  nerre 
manifests  itself  externally  by  no  signs  except  that  the  pupils  are  dilated, 
to  correspond  with  the  diniiuution  or  absolute  abrogution  of  the  sight. 
Ophthalmic  examination  shows  in  the  ]ia|iiUa  the  following  evidences 
of  inflammation  (Fig.  OO,  A ).  The  color  of  the  papilla  i.s  altered,  being 
eitlier  white,  gray,  or  reddish,  and  it  is  often  mottled  with  white  spots 
or  with  extra vaiiatinns  of  blood  [h).  The  boimdary-lines  of  llie  papilla 
become  indistinguishable,  the  exudation  extending  beyond  them  into 
the  adjoining  retina;  hence,  too,  the  papilla  appears  of  greater  diame- 
ter than  normal.     The  blood-vessels  of  the  retina  are  altered,  the  arter- 
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Bpot  where  they  pass  dowii  upon  the  retina  over  the  edge  of  the  swollen 
papilla;  and  wherever  their  coils  dij)  ]>retty  deeply  into  the  eloudcd 
tissues  they  look  hazy,  or  seem  to  suffer  an  actual  interruptiou  in  their 
course.  The  most  important  symptom  is  the  swelling  of  the  papilla, 
manifested  by  its  prominence  above  the  surrounding  retina. 

The  subjective  Bvmptoms  consist  in  a  «lisjturbance  of  vision.  This 
in  most  cases  is  very  considerable  ;  when  the  neuritis  is  severe,  complete 
blindnesd  is  usually  present.  Nevertheless,  cases  of  marked  swelling 
associated  with  normal  sight  do  also  occur  (in  cluiked  disk).  Con- 
traction of  the  field  of  vision  is  frequently  found,  sometimes  under 
the  form  of  hemiopia. 

Neuritis  runs  a  chronic  course.  It  takes  months  for  the  inflamma- 
tory phenomena  to  disappear,  and  then  they  are  replaced  by  the  symp- 
toms of  atrophy.  The  papilla  grows  paler,  its  outlines  become  once 
more  clearly  visible,  and  the  vessels  upon  the  papilla  and  in  the  retina 
are  narrowed.  This  so-called  neurilic  atrophy  is  the  more  pronounced 
in  proportion  as  the  preceding  neuritis  was  the  more  intense.  Whether 
the  vision  grows  better  again  after  the  inHammatiou  has  rnn  its  course, 
or  remains  permanently  enfeebled,  or  is  annihilated,  depends  upon  the 
degree  of  the  atrophy.     In  any  case,  the  prognosis  of  neuritis  is  serious. 

Etiology. —  Like  the  rest  of  the  inlra-ocular  affections,  neuritis  is 
but  rarely  a  local  lesion  ;  on  the  contrary,  it  usually  originates  in  some 
deep-seated  affection,  and  for  this  reason  is  almost  always  bilateral  in 
its  development  The  diagnosis  of  neuritis  is  therefore  of  importance, 
not  only  fur  the  ocuti--<l,  but  also  for  every  physician  engaged  in  the 
treatment  of  internal  di.sorders,  as  it  affords  him  aid  that  is  indispensa- 
ble for  the  diagnosis  of  many  diseases. 

The  e^iuses  of  neuritis  are : 

1.  lirnin  Diseases. — These  are  by  far  the  most  frequent  cause  of 
optic  neuritis.  The  brain  lesion  leads  to  disease  of  the  optic  nerve, 
either  through  producing  engorgement  or  through  transfer  of  the  in- 
flammation, (ff)  Engorgement  is  chiefly  of  moment  in  those  diseases  of 
the  brain  which  lead  to  an  elevation  of  the  pressure  within  the  cranial 
cavity — i.  e.,  most  frequently  in  tumors  of  the  brain  and  in  hydro- 
cephalns.  A  brain  tumor,  as  a  result  of  its  growth,  arrogates  constantly 
more  and  more  space  to  itself  within  the  cranial  cavity.  Hence,  as  the 
skull  is  unyielding,  an  increase  in  the  intra-cranial  pressure  arises,  by 
virtue  of  wliieh  a  portion  of  the  cerebro-spinal  fluid  is  squeezed  out  of 
the  cranial  cavity.  This  fluid  finds  an  egress  partly  in  the  direction  of 
the  spinal  cord,  partly  in  that  of  the  optic  nerve.  The  spaces  between 
the  sheaths  of  the  o]itic  nerve  which  communicate  with  the  lymph- 
Bimces  between  the  membranes  of  the  brain  are  dilated  by  an  accumu- 
lation of  fluid  (hydrops  vaginae  nervi  optici,  Fig.  90,  i;  Stellwag). 
Upon  this  fact  is  based  the  following  theory  of  Schmidt  and  Manz  in 
regard  to  the  origin  of  neuritis.     In  consequence  of  accumulation  of 
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fluid  in  the  intervaginni  space,  a  stasis  of  lynipb  occars  in  the  trank  of 
the  optic  nerve  itself,  partieulurl y  in  the  region  of  the  lamina  cribrosa, 
the  lymph-spaces  of  which  ccmimunioate  with  the  intervagiiiul  space. 
The  oedema  of  the  Inmina  cril)ro8a  causes  a  compression  of  the  central 
vessels — a  compression  wliich  makes  its  influence  felt  sooner  and  to  a 
higher  degree  in  the  central  vein  of  the  optic  nerve  than  in  the  central 
artery.  As  there  is  constantly  pouring  into  the  papilla  through  the 
artery  a  quantity  of  blood  which  can  not  be  completely  carried  away 
again  by  the  contracted  central  vein,  venous  engorgement  of  the  optic 
nerve  and  consequently  swelling  of  the  latter  are  developed.  This 
swelling  of  the  nerve  leads  to  its  incarceration  at  the  spot  where  it  fita 
80  tightly  in  the  foramen  sclene,  and  cotise<iuently  extreme  oedema 
develops  in  the  strangulated  papilla.  Neuritis  having  this  origin  is 
hence  not  to  be  regarded  so  much  in  the  light  or  an  inflammation 
proper  as  of  an  inflammatory  oedema,  and  is  accordingly  designated  by 
the  name  of  engorgement  neuritis,  or  choked  iltsl'.  It  accordingly  con- 
stitutes a  very  important  symptom  of  increase  of  the  cerebral  pressure. 
(Ä)  Direct  frarisniission  of  inflammation  from  the  brain  to  the  optic 
nerve  must  be  assumed  to  exist  chiefiy  iu  those  cjjses  in  which  an  inflam- 
mation exists  in  the  bniin  itself,  and  particularly  at  its  base,  as  is,  for 
example,  generally  the  case  in  tuberculous  meningitis.  ITere  the  inflam- 
mation is  transmitted  along  the  optic  nerve  and  its  sheaths  to  the  pa- 
pilla {neuriiis  dexcendenn), 

2.  <yy/?Aj7i5  is  a  frequent  cause  of  neuritis.  The  optic  nerve  may 
be  attacked  by  the  syphilitic  affection  directly.  In  other  cases  it 
becomes  affected  indirectly,  owing  to  the  development  in  the  cranial 
cavity  or  in  the  orbit  uf  inflammations  or  of  tumors  resulting  from 
syphilis,  which  compress  the  optic  nerve  or  in  some  other  way  cause  it« 
implication. 

3.  Acute  infectious  febrile  diseases,  such  as  typhus  fever,  measles, 
scarlet  fever,  small-pox,  diphtheria,  pneumonia,  and  intermittent  fever. 

4>  Disturbances  of  nutrition  of  various  kinds — for  instance,  those 
resulting  from  albuminuria,  diabetes,  scrofula,  disorders  of  menstrua- 
tion, pregnancy,  and  the  puerperal  state. 

5.  Acute  ansemia  after  great  loss  of  blood,  the  most  frequent  variety 
being  that  due  to  hfemorrhago  from  the  stomach  and  to  metrorrliagia. 
In  these  cases  blindness  usually  does  not  set  in  until  some  days  after 
the  haemorrhage,  and  is  generally  incurable. 

(J.  Lead- poisoning. 

7.  Heredity,  There  are  families  the  membera  of  which  are  attacked 
by  neuritis  without  there  being  any  special  cause  for  it  Snch  a  neuri- 
tis usually  affects  only  the  mule  members  of  the  family,  and  these  are 
generally  attacked  by  it  at  the  same  age  (as  a  rule  at  about  the  twenti- 
eth year). 

8.  Marked  chilling  of  the  body. 
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9.  AfTections  of  the  orbit  snch  as  inflammations  or  new  growths  in 
the  orbit  or  tumors  dcvelopinj.'  iipnn  tho  optic  ncrtc  itself.  Thci>e  aro 
the  only  cases  in  which  ueurilis  cun  with  certainty  be  rcgiinlcd  as  a 
purely  lucal  disease. 

The  trealmenl  of  neuritis  must  be  directed  first  of  all  ag-ainst  tho 
lesion  which  forms  tho  basis  of  it.  Local  trwitment,  in  addition  to  a 
suitable  regimen  of  the  eyes,  consists  in  the  abstraction  of  blood  at  the 
mastoid  process,  in  diaj)horetic  measures,  and  in  the  administration  of 
absorbent  remedies,  such  as  iodide  of  potassium,  mercury,  etc. 

Simple  hi/i>rr<rm!a  of  the  optic  nerve  is  a  frequent  occurrence.  It  is  not  only 
a  coQStiiDt  accumpnniinent  of  all  iufliimmiitions  of  ibe  retina  and  chorioid,  but 
Is  found  in  connection  with  vidlent  intiuutiiiatious  in  the  unterior  divittinn  of  the 
eye — e.  g.,  in  irido-cjclitis.  If  an  inflammation  of  the  retina  is  associated  with 
prftty  marked  in%'olvenient  of  the  optic  nerve,  or  if,  on  the  other  hand,  an 
inflamtnution  of  the  optic  pnpiila  has  extended  mt  us  to  occupy  cpdtc  a  lurjurc  area 
of  the  retina,  the  picture  uf  Heuru.retimt U  Ls  produced.  Almost  all  forms  of 
retinitis  as  well  as  of  neuritis  which  have  been  de8cril>ed  in  the  foregoing  pagea 
may  appear  under  the  form  of  neuro-retinitia.  In  eoiuu-etion  with  tumors  of 
the  brain,  a  special  form  of  neuro-retiiiitj»  occurs,  the  ]>eculiurity  of  which  con- 
sists in  the  fact  that  Uigether  with  the  ]>lR'Düraenii  in  tlie  optic  pajiillu  minute 
splntihes  of  »ilvcry  luster  are  visible  in  the  region  of  the  macula  lutea,  so  that  a 
picture  resemhling  that  of  retinitis  albimunurica  is  produced. 

Von  Graefe  was  the  first  to  distinguish  the  inflammations  of  the  optic  nerve 
nfc(injpnn_viny<liseases  of  l\w  brani  iiiJo  the  nc-uritis  of  engorgi'ment  and  descend- 
ing neuritis.  The  mark.s  distinguishing  the  two  m  the  ophthalmuseopic  picture 
arc  as  follows:  In  the  tlioked  di.sk  of  engorgement  neuritis  the  «welling  i.s  very 
coiisitlenihle,  but  suddenly  ceases  at  the  edge  of  the  disk,  since  the  changes  are 
contliied  to  the  latter.  The  engorgement  furthermore  manifetits  it-nelf  in  the 
freiiuently  enormous  distention  of  the  retinal  veins.  In  neuritis  descender!» 
the  »welling  is  slight  and  .so  ia  the  distention  of  the  veins,  and  the  exudation, 
made  patent  by  the  cloudiness  and  discoloration  of  the  disk,  comes  more  into 
prominence.  The  exudation,  moreover,  extend«  beyond  the  edge  of  the  disk 
into  the  adjacent  ret  ina,  bo  that  the  disk  appears  enlarged ;  frequently  the  picture 
of  neuro-retinitis  is  produced.  Nevertheless,  the  two  forms  of  neuritis  are  not 
so  widely  §e(mn)ted  as  the  theory  deman<ls.  since  numerous  transiition  forms 
occur  between  choked  disk  and  descending  neuritis.  For  this  reason,  and  also 
on  the  ba«i«  of  anatomical  investigations,  the  purely  mechanical  exjilanation  of 
choked  disk,  such  us  the  tlieory  of  Schmidt-3Ianz  affords,  has  been  repeatedly 
qtU'stioncd,  and  other  hypotheses  have  been  proj)ouuded  to  account  for  its 
development.  In  reality,  tho  fact  appears  to  be  that  a  prf)ces8  of  engorgement 
does  actually  play  an  imjwrtant  jiart  in  the  production  of  congestive  neuritis, 
but  tliat  infiammatory  proces.ses  in  the  trunk  and  in  tlic  sheaths  of  the  optic 
nerve  likewise  participate  in  its  production. 

The  diseases  of  the  brain  which  are  complicated  with  optic  neuritis  are 
partly  focal,  partly  diffuse  affections.  Among  the  former,  it  is  mainly  the 
tumor»  of  the  hrniu  which  result  in  neuritis,  usually  under  the  form  of  choked 
didk,  Neuriti.s  in  this  eise  is  so  frequent — it  is  saki  to  he  wanting  in  only  10 
per  cent,  according  to  others  in  20  to  30  per  cent  fif  cerebral  tumors— that  it 
forma  one  of   their  most   important  symptoms.     Thi.'i   symptom  is   the   more 
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It  may  aimplj  cause  beadadw,  or  em  tins  nrnj  be  «aati^^  Aemnßmffy,  im 
«Mry  mte  in  lekidk  titr*  it  a  m^rim  ^  Ike  tntUMtm  ^  «  amir«/  ^^mstim,  tht 
/kttdnu  tf  At  tf*  ikmid  ht  ammimtd  triik  tke  ylfiafiaawfie.  Tbis  b  tlw  OM»« 
neoomiy,  sinee  cbokcd  diik  aoaMtiBiea  fnb  to  naoifert  itwlf  by  any  dktarb- 
anoe  of  the  vinon.  Tkb  is  explained  by  awmning  that  in  choked  disk 
— in  the  beginning  at  least — ^thefe  isaiinply  a  ttate  of  ocdeBSL  The  disturbance 
of  vkioa  is  acfordlDglj  produced  by  ccunprrarioo  of  the  DerveAoB  due  to  the 
cBdematoos  rvelling.  Tbe  degiceof  this  oompraaBion,  howerer,  can  not  by  «ay 
means  be  detennined  from  the  ophthalmoacopic  appeanocc,  so  tfantnonnal  sight 
may  be  present  along  with  i  neuntts  which  with  the  (^JtthalaDoacope  appesn, 
very  prunounced.  In  many  of  these  cases  the  blindnen  doea  not  «onae  on  till 
later,  mmetimes  not  tiU  the  advent  of  neoritic  atrophy. 

Neither  the  size  nor  the  sttoation  of  the  new  growth  is  of  importance  ia 
determining  the  derelopment  of  a  choked  disk.  Choked  diak  haa  been  aeen 
witlt  tumors  which  scarcely  reached  the  size  of  a  wslnut ;  at  other  times  uemltia 
is  absent,  althüugh  the  tumors  are  Tcry  large.  Similarly,  neuritis  is  found  both 
with  tumors  which  lie  in  the  neighborhood  of  the  o^ttic  tracts  snd  with  tboiw 
which  are  fur  removed  from  them— e.  g.,  in  the  cerebellum.  Moreover,  with 
tumors  of  the  brain  there  may  occur  not  only  engorgement  neuritis,  bat  also 
descending  neuritis  and  primary  atrophy  of  tbe  optic  oenre.  Descending  neu- 
ritis tflkes  place  when  the  timior  excites,  in  its  immediate  neigfaborhocid,  an 
inflammatioa  which  is  transmitted  to  the  optic  nerve.  Primary  atrophy  may  be 
produc«d  by  the  fact  that  the  tumor  exert«  a  direct  pressure  upon  the  chiasm  or 
the  optic  tract.s  and  thus  causes  their  efEacement;  or  an  accumulation  of  fluid 
may  tnkft  place  in  the  third  veutricle  in  coQse<quenoe  of  the  tumor,  so  thnt  the 
greiitly  distende«!  anterior  inferior  extremity  of  the  ventricle  presses  upon  the 
cliittam.  \a  this  way  amaurosis  dcvelo]«  with  cerebral  tumors,  either  without 
any  ophthalmo.scopic  evidence  nt  all  or  under  the  guise  of  a  primary  atrophy. 

Among  the  focal  affections  of  the  brain  which  may,  although  but  nirvlv, 
cauitv  neuritis  must  be  enumerated  foci  of  softening,  abscessc«,  thrombosis  of 
the  siitUM*s,  anetuisms.  apoplexies,  and  cysts  (among  these  Cysticercus  and  ecfai- 
nor«>ofnis  cysts).  Among  the  diffuse  affections,  diw«minated  sclerosis,  acut«  and 
chronic  mcuingitis,  and  hyditH'cphalus  give  rise  tti  neuritis.  The  two  affections 
luMl  nanifMl,  together  with  tubercles  of  the  brain,  are  the  most  frequent  cause  of 
nruritia  in  children.  Frequently  such  children  are  not  brought  to  the  oculist 
until  later  In  life,  wht<n  he  finds  a  ncuritic  atrophy  as  the  cause  of  the  blindness, 
»nd  can  dctorminr  from  the  historj-  of  the  case  that  a  severe  cerebral  affection 
ha«  preceded  it.  This  form  of  blindness  is  incurable.  Not  to  lie  confounded 
with  it  ntv  tluise  nin»  rase,s  In  which  children  become  blind  without  known 
ruiiHo  und  without  iiiiy  ophthalmoscopic  change  in  the  fundus.  This  variety  of 
bllnilni'MN,  the  cau-c  of  which  is  at  present  unknown,  sometimes  gets  well 
(Nettlcniiip).  t4i>nu>  case«  of  neuritis  due  to  hydrocephiilus  are  known  in  which 
a  I'oiitinuiil  iln>|»ph>g  of  fluid  ^w"^'l'ro-spinal  fluid)  takes  place  from  the  nose. 
Nr<itrlllii  iiUo  iKTur«  sometimes  in  malformations  of  the  skull  (jMirtictilttrly  tlie 
kind  known  as  [K'uked  skull— "ThurnischÄdel")  and  injuries  of  the  skull  (ea- 
|io«)|iilly  fnietun'n  of  the  Iw^e,  with  consequent  meningitis). 

NeviriliN  luiK  also  l«ern  observed  as  a  rare  complication  in  spinal  diseases,  par- 
tlniiliirly  In  avulo  uiyulills. 
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(Ä)  Retro-bidbar  Neuritis. 

103.  Retro-bulbar  iietiriiis  ie  locuted  in  the  orbital  division  of  the 
optic  nerve.  Hence,  upon  ophthalmoscopic  examiimtiou,  we  find  in 
the  papilla  either  no  changes  at  all  or  changes  that  are  insignificant 
and  not  chanvctcristif,  but  later,  after  the  disease  has  subsided,  the 
signs  of  atrojihy  frequently  make  their  appearance  in  this  spot.  This 
is  the  case  when  destruction  of  the  fibers  of  the  optic  nerve  has  taken 
place  within  the  reginu  occupied  by  the  focus  of  inflammation.  The 
peripheral  portions  of  the  divided  fibers  then  undergo  an  atrojdiy,  which 
is  slowly  transmitted  to  the  papilla,  where  it  becomes  visible  with  the 
ophthalmoscope  (descending  atrophy).  Owing  to  the  absence  of  dis- 
tinct ophthalmoscopic  changes  in  the  recent  eases,  retro-bulbar  neuritis 
must  be  diagnosticated  from  llie  other  symj)toms,  and  mainly,  in  fact, 
from  the  way  in  which  the  vision  is  affected.  In  a  few  cases  the  dis- 
turbance of  vision  may  increase  to  the  point  of  complete  blindness,  but 
in  moat  cases  is  confined  to  the  central  portions  of  the  visual  field 
which  are  supplied  by  the  papillo-macuhir  bundle.  There  is,  therefore, 
a  central  scotoma  in  the  field  of  vision. 

Retro-bulbar  neuritis  is  either  acute  or  chronic  in  its  deTelopment 
The  chronic  ca-ses  usually  depend  upon  chronic  poisoning,  particularly 
that  produced  by  tobacco  (tobacco  auiblyopia).  In  general,  retro- 
bulbar neuritis  affords  a  good  prognosis,  since  in  cases  wliich  are  not 
too  far  advanced  the  sight  can  be  brought  bock  again  to  the  normal. 

Tlie  amtf  form  of  rctro-buibar  neuritis  is  charncterizüd  by  the  sudflenne«a 
with  which  the  disturbiince  of  visiou  di'vclnjw.  This  failure  of  si^'lit  in  the 
iM'vere  canes  may  attaiu  .such  a  degree  within  ii.  ft-w  duvst  tlmt  nil  ]ierc('[itioQ  »f 
light  ia  abolihlied.  Exti-mally,  the  diseased  eye  looks  Doruial;  ut  most  the 
|>u|iil  \n  flilated.  The  opiithrtlmuscopc,  too,  shows  scarcely  anything  besides 
(»ome  distenticm  of  the  retinal  vessels,*  The.se  symptoni»  are  often  Hccomjxuiied 
by  violent  hejuJinhf  or  by  dull  pain  in  the  orbit,  the  latter  bein^  n^'gruvated  if 
the  patient  moves  hi»  eye  or  if  the  attempt  is  made  to  push  it  back  iu  the  orbit. 
Somclimes  both  eyes  are  attacked  by  this  disease  at  the  wime  time. 

The  disea.'sc  usually  goes  on  to  a  complete  or  partial  rure,  In  (he  first  case 
the  siglit  becomes  nonntd  uguin,  in  the  second  ca.'^e  a  central  scotoma  ^tnerally 
rcmainu.  A  pretty  long  time  (one  or  more  inotilbs)  is  reimired  fur  the  jiroces« 
of  healing.  In  a  few  cases,  however,  the  totid  blindnesr«  rtnmins  iicriniinent,  so 
that  it  i«  imposäible  to  elate  the  prognosis  witb  certainty  ut  the  biyinjiinit,'  of 
the  disease. 

The  known  causes  of  acute  retro-bulbar  neuritis  are  prcat  chilling  of  the 
body,  excessive  exertion,  acute  infrrtious  diseases,  such  a«  measles,  influenza, 
angina  (fVon  Unu'fe),  suppression  of  the  menses,  lead-poisoiiitig.  I  have  Home- 
timcs  seen  the  disease  develop  in  ^-ntlemen  who  had  become  very  much  heated 
in  hunting  and  then  were  driven  in  open  carriages  in  the  cold.     I  once  saw  it 

*  Sometimes,  on  the  contrary,  i9cha>mia  of  the  retina  ia  present  when  (be  cen- 
tral vessels  have  nndergone  compression  at  the  inflamed  spot  in  the  optic  nerr& 
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n'Bult  from  excessive  exertion  in  a  young  man  who,  under  the  «timulus  of  a  bet, 
had  rorcrt'd  a  very  jjreat  distance  ujwn  n  velocipede  in  one  day ;  on  the  next 
day  he  hud  u  bilateral  retro-bulhar  nc'uritis.  The  hereditary  form  of  neuritis 
may  also  appear  under  the  guise  of  »cute  rctro-bulbar  neuritis.  The  treatment 
of  the  difiea-H«  is  that  of  neuritis  in  gcnerul.  In  the  acute  stage  energetic  dia- 
phoreds  proves  particularly  efiicient. 

Chronic  retro-bulbur  neuritis  has  as  it«  typical  representative  tobacco  am- 
blyopia (amblyopia  uiootinict).  which  originates  in  chronic  poisoning  by  nico- 
tine. It  waa  firBt  de.scribe<l  by  Arlt  a»  retinitis  nyctalopico,  because  the  symp- 
tom of  nyctalopia  was  the  one  tlcit  struck  his  attention  most  forcibly.  jVrlt's 
Btateuicnt«  in  regard  to  the  bymptoms,  course,  and  treatment  of  the  di^ieaae  are 
Btill  correct  to-day;  but  Arlt  wii.s  ignonint  of  the  cause  of  the  diseaae,  which  he 
referred  to  the  effect  of  dazzling  by  a  bright  light. 

Tobacco  ambU'opia  makes  itself  evident  only  by  the  disturbance  of  vision, 
and  this  sets  in  so  gradually  that  the  patients  are  for  the  most  port  unable  to 
tell  exuctly  when  it  begins.  At  first  medium-hizcd  print  cam  still  be  read,  after- 
ward the  reading  of  ordinary  print  becomes  imirassible.  The  reduction  in  the 
visual  acuity  is  almost  always  the  same  in  both  eyes — a  fact  which  distinguishes 
this  from  other  intraocular  affections,  such  as  catamct,  chorioiditis,  atrophy  of 
the  optic  nerve,  etc.,  in  which  the  two  eyes  are  usually  affected  to  a  different 
degree.  The  symptom  of  nyctalopia  is  particularly  characteristic.  The  patient 
declares  that  he  sees  much  better  in  the  evening  than  in  the  daytime;  indeed, 
in  recent  case.s  he  often  imagines  that  in  the  evening  he  still  sees  as  well  as  he 
he  used  to  do,  and  that  it  is  only  in  the  daytime  that  he  has  a  troublesome 
cloud  which  dazzles  his  sight.  Objective  examination  shows  that  really  in 
roost  case*  no  obwrvuble  improvement  takes  place  wlu-n  (lie  ilhiminution  is  re- 
duced; b\it  the  annoying  sense  of  dazzling  is  done  away  with,  so  that  the 
patient  believes  that  he  sees  better.  In  some  case»,  however,  I  have  been  able 
to  make  out  a  real  ini|trovcment  in  the  sight  upon  diminishing  the  illumination. 
One  of  these  jiatientw  read  liner  print  and  read  it  better  when  he  put  on  dark- 
gniy  goggles  than  hi'  i-nuM  ilo  with  the  naked  eye.  Another  patient,  a  coach- 
man, euuld  «rill  a'cognizc  in  the  evening  the  numbers  of  the  houses  to  which 
he  had  to  go,  while  in  the  daytime  he  no  longer  was  able  to  do  it.  Mf.ny 
patients  also  deelnri'  tli:it  they  can  not  recognize  r«'d  colors,  partiodarly  of 
«mall  objects,  as  well  as  they  used  to  do.  Their  acquaintances,  they  find,  look 
ill  because  their  cheeks  apjwar  to  them  to  be  of  a  wnxen  yellow. 

Objective  examination  shows  but  slight  O|)hthalmo8copic  change».  In  re- 
cent case«  the  iia])illa  is  usually  soniewhiit  hypera-mic;  in  the  older  case»,  on 
the  contrary,  it  has  grown  jiuler  in  its  temponil  h.tlf.  But  these  changes  are  M) 
little  ])roni)umM"d  tliat  one  may  say  that  the  result  of  examination  is  negative. 
Examination  of  the  vision  s<lio\vs  a  moderate  diminution  of  the  visual  acuity, 
which  has  its  cauw  in  u  central  scotoma.  This  scotoma  form«  a  horizontal  oval, 
extending  from  the  macula  lutea  to  the  b]ind-sj>ot,  and  corresponding,  therefore, 
to  the  mactdo-pifiillarj'  region  of  the  retina.  At  first  there  is  simply  a  color- 
Hcotoma,  No  ifiip  is  found  in  the  field  of  vision  if  it  is  tested  by  means  of  a 
white  iihject ;  but  a  red  or  gn-cn  mark  undergoes  a  change  of  color  in  the  region 
of  the  scotoma.  It  a|)pi_'ars  less  highly  colored  than  in  the  other  {wrtiooa  of 
the  field  of  vision,  and  later  on  apj>ears  ]ierfectly  colorless.  Later  still,  the  red 
mark  is  not  seen  at  all  within  the  area  of  the  scotoma,  and  finally  the  white 
mark,  too,  disappears  in  this  portion  of  the  visual  field;  the  scotoma  has  now 
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become  absolnte  (see  )>Rges  26  and  27),  and  the  vision  hna  become  reduced  to 
the  lowH-Ht  |M>iiit  Hiat  it  can  reach  in  this  rliwtvjc.  The  outer  limits  of  tlie  visual 
field  always  remain  normal,  and  complete  blindues*  is  therefore  not  tu  be  appre- 
hended, but  direct  vision  is  destroyed,  and  with  it  the  ability  to  carry  on  any 
fine  work.  Owing  to  the  clironic  course  of  the  disease,  it  takes  a  series  of 
months  for  the  sight  to  Ijo  reduced  as  low  oa  this;  and,  moreover,  this  extreme 
reduelion  dues  not  occur  iu  every  case. 

The  cause  of  tobacco  amblyopia  is  the  excessive  use  of  tobacco,  whtthor  by 
smoking  or  chewing.  The  disea-'e  is  hence  found  almost  exchisively  in  the 
male  sex,  and  in  them  not  rrencrally  until  middle  life.  It  wouhl  thus  appear  a« 
if  the  resistance  to  nicotine  diminishes  with  age.  The  quantity  of  tobacco 
which  is  s>ifficient  to  hrinj.'  on  a  tobacco  amblyopia  varii-s  aceording  (o  the  sus- 
ccptibilitv  of  the  individual,  in  many  ca^^es  comparatively  small  amounts  of 
tobaecti  having  suttirt-d  for  this  purpose.  The  cheap  varieties,  which  are  usually 
richer  in  nicotine,  and  also  moist  tobacco,  are  more  dangerous  than  the  better, 
dry  qualities.  The  abuse  of  spirituous  beverages,  which,  to  be  sure,  is  very 
usual  with  great  smokers,  favor»  the  development  of  tobacco  nmblyojna;  but  it 
also  occurs  in  smokers  who  abstain  altngr-thcr  from  alcoholic  drinks. 

Treatment  consists,  first  of  all,  in  abstinence  from  tol>ac<'o,  and  it  is  prob- 
able thrit  in  light  cases  this  alone  is  sufficient  to  effect  a  cure.  To  accelerate 
the  cure  we  employ  iodide  of  potassium  internally  or  hypodermic  injections  of 
strychnine  or  pilocarpine.  In  addition,  we  prescribe  a  suitable  regimen  for  the 
eyes.  Recent  cases  in  which  middle-sized  print  can  still  be  read,  and  in  which 
the  scotoma  ha»  not  yet  become  ab^'olute,  afford  a  good  pnjgnosis,  since  a  ]ier- 
fect  cure  is  usually  obt-ained.  »Ulioui;h  one  to  two  months  are  reriuircd  for  it. 
In  older  cases,  in  which  even  quite  large  print  can  no  hmgcr  be  read  and  the 
Bcotoma  ia  absolute,  a  complete  cure  is  for  the  must  part  impossible. 

Other  toxic  agents  may  like  nicotine  lead  to  retro-lnilbHr  neuritis  through  a 
proceea  of  chronic  poisoning,  and  that,  too,  with  symptoms  which  are  the  same 
as  those  of  tobacco  amblyopia  or  which  are  very  similar.  The  most  prominent 
agent  in  this  category  is  alcohol.  Besides,  I  once  treated  a  patient  who  from 
his  youth  up  had  smoked  stramonium-leaves  in  great  quantities  on  account  of 
asthnuitie  attacks,  and  who  from  this  cause  had  arquixrd  an  amblyopia  with  a 
central  colnr-scotom«  (tlii-  man  was  nfitluT  a  smoker  of  tcbiicco  nor  a  drinker). 
Lastly,  in  this  connection  must  üho  be  mentioned  ciiscs  of  chronic  poisoninj»  by 
lead,  by  dinulphide  of  carbon  (in  caoutchouc-factories),  by  chloral  and  other 
poiflons,  and  alno  by  diabetes. 

We  lire  indebted  for  tlic  first  anatomical  discoveries  in  regard  to  chronic 
retro-bulbar  neuritis  to  Samelsohn,  who  found  an  interstitial  neuritis  in  that 
I>ortion  of  the  tnmk  of  the  ojitic  nerve  which  lies  within  the  optic  canal.  The 
inflammation  was  liniit<'d  to  the  tib^rs  of  the  |Mipillo-macular  bundle,  whose 
situation  ami  course  within  the  optic  nerve  it  was  thus  possible  to  detemiinc. 

Stkychmne. — This  was  first  recommended  by  Naiircl  for  the  treatm<'nt  (»f 
lesions  of  the  optic  nerve.  It  exerts  an  excitant  action  iij»on  the  optic  nerve,  so 
that  even  in  iiormrtl  eyes  it  pro<hices  a  slight,  although  not  permanent,  in<'reiise 
in  the  visual  acuity  and  enlargement  of  the  field  of  vision  (Hipiicl).  For  ihera- 
p<<utic  purposes,  a  one-hnlf-per-cent  solution,  of  which  a  quantity  equal  to  one 
half  n.r  the  whole  of  the  contents  of  a  Pravax  syringe — i.  e.,  as  much  as  5  mgr. 
[=  ,',  grain  1  of  strychnine  per  dose — is  injected  once  a  day  beneath  the  skin  of 
til«  temple.     It  acta  best  in  disturbances  of  vision  unattended  by  change»  visi- 
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ble  with  the  ophthalmoscope,  cspeciallj  in  hysterical  and  neurasthenic  fc 
which,  however,  generully  afford  a  good  prognosi«  anyway.     In  serious  le^ioi 
of  the  optic  nerve,  as  in  progressive  atrophy,  we  often  obtain  with  it  an  iin- 
provement  in  the  sight  »ud  especially  an  enlargement  of  the  field  of  vision  ;  but 
these  changes  are  commonly  not  permanent. 


II.  Atrophy  of  tue  Optic  Nerve. 

104-  Atrophy  of  the  optic  nerve  develops  either  as  a  primary  affec- 
tion or  as  secondary  to  an  antecedent  inflamnrntion.  We  accordingly 
distinguish  between  simple  and  inilaiiimatory  atrophy. 

{a)  Simple  (primary  or  genuine  or  non-inflammatory)  atrophy  is 
distinguished  by  tht'  papilla  becoming  paler,  and  at  length  perfectly 
white  or  bluish-white,  und  also  becoming  sharply  deiined  and  slightly 
excavated  (atrophic  excavation;  see  page  335);  the  gray  dots  of  the 
lamina  cribroaa  are  visible  more  distinctly,  and  over  a  larger  area ;  the 
more  niinute  blood-vessels  of  the  papilla  itself  have  disappeared,  while 
the  retinal  vessels  are  not  nntrkedly  altered  (in  contradistinction  to  in- 
flammatory atro])hy,  in  wliich  the  latter  are  narrowed,  too).  As  the 
atrophy  increases,  the  sight  is  reduced  until  there  is  complete  blindness. 
The  causes  of  simple  atrophy  of  tlie  optie  nerve  are:  1,  Spinal  afYec- 
tions,  particulaiiy  talxis  dorsalis,  which  is  by  far  the  most  frequent 
cause  of  the  simple  form  of  optic-nerve  atrophy.  This  atrophy  asually 
develops  in  the  initial  .stage  of  tabes  at  a  time  when  the  ataxic  symptoms 
are  slight  or  absent,  and  the  diagnosis  of  tabes  is  not  yet  readily  made. 
It  is  therefore  a  fact  of  great  value  to  us  that  we  know  two  other 
symptoms,  which,  moreover,  usually  muke  their  appearance  very  early. 
One  of  these  symptoms  regards  the  pupil,  which  no  longer  reacts  to  light 
( Argyll- Itoberlson  phenomenon  ;  jinge  ^fil),  and  is  genemlly  also  greatly 
contracteil  (spinal  miosis ;  paguSUb).  The  other  symptom,  discovei"ed  by 
Westphal,  is  the  absence  of  the  patellar  reflex.  Spinal  atrophy  of  the 
optic  nerve  always  affects  both  eyes,  aUhough  not  nei^essarily  both  at 
the  same  lime.  It  advances  slowly  but  surely  until  there  is  complft« 
blindness,  and  hence  has  rightly  earned  the  name  of  progressive 
atrophy.  2.  Among  affections  of  the  brain,  disseminated  sclerosis  and 
progressive  paralysis  of  the  insane  are  complicuted  with  atrophy.  More- 
over, tumors  or  other  focud  affeclious  may  inducn  sim})1e  atro{)hy  of  the 
optic  nerve  by  compressing  the  nerve  itself  or  its  continuation  within 
the  skull.  In  this  case  the  atrophy  is  propagated  gradually  from  the 
site  of  the  break  in  the  line  of  uonduiiinn  down  to  the  intrn-ocular  ex- 
tremity (descending  atrophy).  3.  The  break  in  the  line  of  conduction 
may  also  evidently  be  located  nearer  the  periphery — i.  e.,  in  the  orbit 
where  the  optic  nerve  may  be  thrown  into  a  state  of  atrophy  tlirough  in- 
flammation or  injury  or  as  a  result  of  compression  by  tumors.  4.  In 
many  cases  of  simple  atrophy  of  the  optic  nerve  the  cause  remains 
obscure. 


DISEASES  OF  THE  OPTIC  NERVE. 


443 


(b)  Inflnminatory  atrophy  of  the  nerve  is  the  form  which  occurs  as 
the  final  result  of  a  neuritis  or  ji  retinitis  (neuritic  or  retinitic  atrophy), 
luflammutory  atrophy  is  distiuct  from  the  simple  variety  in  its  ophtlial- 
moscopic  features  as  well  as  'M&  origin,  because  in  it  the  papilla  is  trav- 
ersed by  connective  tissue  formed  by  an  organization  of  the  exudate. 
In  neuritic  atrophy  the  jmpilla  is  at  first  of  grayish-white  color,  and  its 
margins  are  slightly  hazy ;  the  veins  are  very  distended  and  tortuous. 
Afterward  the  papilla  becomes  of  a  pure  white  or  bluish-while,  but  wo 
do  not  see  the  lamina  cribrosa  exposed  to  view,  as  in  simple  atrophy. 
The  papilla  is  now  sharply  defined,  but  is  often  smaller  than  normal, 
and  irregular,  as  though  it  had  been  «hrunken ;  both  arteries  and  veins 
are  contracted,  and  are  frequently  inclosed  within  white  streaks.  In 
retinitic  atrophy  the  papilla  looks  clouded  and  of  a  dirty  grayish  red- 
Its  outlines  are  faint,  and  the  vessels  are  greatly  thinned,  and  often 
have  entirely  disappeart'd. 

Tiie  prognosis  of  atrophy  of  the  optic  nerve  is  in  general  unfavora- 
ble. Cases  of  simple  atrophy  for  the  most  part  lead  to  complete  blind- 
ness. Inflammatory  atrophy  affords  a  somewhat  better  prognosis,  since 
the  amount  of  sight  which  the  neuritis  or  retinitis  has  left  is  usually 
l^ermanently  preserved.  Treatment  consists  primarily  in  the  manage- 
ment of  the  causal  disease.  For  the  lesion  of  the  optic  nerve  itself 
potassium  iodide,  mercurials,  injections  of  strychnine,  and  the  constant 
current  applied  to  thceye  itself,  are  employed  ;  unfortunately,  however, 
with  but  slight  success. 

The  disturbance  of  siplvt  in  atrophy  always  affects  not  only  direct  vision, 
but  also  titc  Hsurtl  fit-Id,  wliich  is  fornid  to  Iw  diminirshcd.  Sector-shaped 
defects  or  concputric  contraction  of  the  visual  tield  are  the  mu«t  frequent  forniH 
under  which  this  occurs.  Color-blindness  also  sets  in  early:  first  for  red  and 
preen,  and  last  of  all  for  blue,  which  color,  therefore,  is  recognized  the  lon/jest. 
By  this  circumstance  atro[»hy  is  di.'itin<,aiished  from  glaucoma  Biin])le.\,  which 
•sometimes  shows  much  rcHiDililancc  to  it,  but  which  is  not  ordinarily  »«sociated 
with  color-hlindncAS  until  lati'  in  its  course. 

Sinijilc  atrophy  is  found  most  freijucntly  in  middle  life.  In  eliildren  it 
almust  never  occurs;  the  utntphy  of  childhood  is,  as  a  nilc,  neuritic.  Men  are 
more  frequently  attacked  by  simple  atrophy  than  women,  a  fact  which  is  de- 
]H>ndpnt  upon  the  preater  predisposition  of  the  male  8c.x  to  spinal  affections. 

Inmiuies  ok  tue  OrTK  Nkrve. — The  optic  nerve  may  be  injured  within 
the  orbit  by  mcrtn»  of  peiictrnting  foreign  bodies,  stab-wound«,  xhot-wonnds 
(partituhirly  thu«e  prodiu-ed  by  fine  «hot),  etc.  As  a  result  of  this  brink  in 
the  lino  of  the  conduction,  blindness — partial  or  complete  according  to  the 
severity  of  the  \vs'wn — is  ]>re8ent  immediately  after  the  injury.  With  tliis  there 
are  at  first  no  ophthalmoscopic  changes  that  can  be  demonstrated  in  the  o|ific 
papilla.  It  is  not  until  later,  after  week»  have  elapsed,  when  the  de.H-eiuling 
atrophy  has  traveled  down  from  the  site  of  injury  to  the  optic  papilla,  that  the 
latter  becomes  paler  and  presents  the  picture  of  simple  atrnjthy.  It  is  only 
when  the  optic  nerve  ha-s  been  injured  so  far  forward  that  the  central  ve8.selPBre 
at  the  same  time  divided  that  characteristic  ophthalmoscopic  symptoms  can  be 
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made  out  at  once.  In  siich  cases  there  develops  immediately  after  the  in  jury  • 
picture  anulojurous  to  that  of  embolifou  of  the  central  artery.  The  arteries  of  the 
|uipillit  and  retina  are  bloodless,  and  the  retina  soon  becomes  clouded — a  sign  of 
itä  death. 

Indirect  injuries  of  the  optic  nerve  occur  not  infrequently  in  consequence  of 
injurie»  of  tlie  skull  by  the  impact  of  a  blunt  object  (a  blow  or  fall  u[K)n  the 
head,  etc.).  In  such  ca-ses  there  is  partini  or  complete  biindnciU  associat^'d 
with  the  symptoms  of  a  severe  injury  of  the  ukull  (the  signs  of  concussion  of 
the  brain  or  of  fracture  of  the  base  of  the  skull).  Such  blindne.»»  may  be  uni- 
lateral or  hilatfral.  It  has  been  demonstrated  by  the  investigation«  of  iloldrr 
ancl  Ucrlin  that  in  these  cases  we  an?  dealing  with  indirect  fractures  of  the 
walls,  particularly  of  the  upper  wall,  of  the  orbit,  which  fracture»  are  continued 
into  the  optic  canal,  so  that  the  optic  nerve  in  the  latter  is  crushed  orlacer»tcd. 
S<.'veral  week."»  or  months  afterward  there  is  developed  in  the  papilla  the  picture 
of  simple  atrophy.     These  cases  of  blintlucss  are  incurable. 

TuMOKS  OF  THE  OPTic  Nehve. — The  ojttic  nerve  nmy  l>e  affected  with 
tumor- format  ion,  either  primarily  or  secondarily.  The  hitter  most  frequently 
happens  throufrh  the  growth  of  intra-ocular  tumors,  such  as  sarcoma  of  the 
clutrioid  and  glioma  of  the  retina,  backward  along  the  optic  nerve.  Primary 
tumors  of  the  optic  nerve  are  rare.  They  comprise  fibromata  and  s&rcumata 
with  varieties  (myxosarcoma,  p-sammosarcoma,  gliosarcoma,  etc..»  of  the  latter, 
8j)ringing  from  the  interstitial  supporting  tissue  or  the  sheaths  of  the  optic 
nerve.  Pure  neuromata,  originating  from  the  nervc-fil>ers,  have  \ip  to  the 
present  time  not  been  observed  with  certainty  in  the  optic  nerve,  but  there  ha\e 
been  seen  some  cases  of  tulierculous  granulation-tumor.  Primary  tumors  of  the 
optic  nerve  begin  generally  in  youth,  and  grow  very  slowly.  They  cause  a  form 
of  e.xophthidmus,  which  h  dihtinguishcd  from  that  occurring  with  other  orbital 
tumors  by  the  fa<-t  that  the  lateral  displacement  is  either  entirely  absent  or  is  at 
all  events  insignificant.  The  mobility  of  the  eye  remains  good  for  a  compani- 
tively  long  time;  on  the  other  hand — and  this  is  a  charncteristic  sign — blindneM 
sets  in  very  early.  With  the  nplithahnoscope  we  And  at  fir.>'t  neuritis  with  the 
venous  engorgement  [mrtieularly  marked;  afterward  atrophy.  Treatment  con- 
sists in  extirpation  of  the  tumor;  in  doing  wliich  we  may,  under  certain  circum- 
Btances,  leave  the  eye  in  its  place. 

Ajvatomt  of  Akpk<tionb  ok  the  Optic  'NRViv^.—/nfinmmatwn  of  the 
optic  nerve  starts  from  its  connective-tissue  portions — that  is  from  the  sheaths 
and  the  connective-tissue  septa.  In  the  sheaths  there  is  found,  l>esides  the  drojv 
öical  condition  already  mentioned,  actual  inflammation  with  a  formation  of  • 
cellular  exudate  (jMrineuritis-,  Stellwng,  II.  Pagenstecher).  Within  the  trunk  of 
the  r)pfie  nerve  the  inflammation  attacks  the  septa,  which  show  thickening  with 
nitilf  iplieation  of  their  nuclei  (interstitial  neuritis}.  Owing  to  this,  the  bun- 
dles of  nerve-fil>er8,  which  »re  inclosed  by  them,  are  compressed  and  under- 
going atrophy,  are  destroyed.  Accordingly,  in  neuritis  the  nerve-fibers  act 
mainly  a  passive  part. 

In  mrionjrmrnt  urHfifhthc  infliimmntory  .sjnnptoms  are  limited  to  thcpapilla, 
while  the  trunk  of  the  optic  nervi-  Inirk  of  the  lamina  cribrosa  suffers  little  or  no 
change.  In  the  first  plnrc.  the  jwipillii  is  found  to  be  greatly  swollen  by  an  ac- 
cumiilation  of  ofdemiitoiis  Jiquid,  so  that  it  projects  like  a  mushroom  into  the 
interior  of  the  eye,  and  is  thickened  at  its  )>»»(.•  so  as  to  fomi  an  actual  tume- 
faction (ncuritic  swelling,  Fig,  00,  n).     The  retina  is  pushed  to  one  side  and 
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thrown  into  fnlds  by  the  enlnrjijcfl  optic  nerve.  Besides  the  oedema  there  are 
also  found  extriivatiiitions  of  blood,  swelÜDf,'  of  the  nerve-filx^re,  and  the  evi- 
dences of  a  Bcantj  celluhir  iiifiltratiun.  purticuhirly  along  the  blood-vct<8eli>  (Fig. 
90,  e).  Later  on  the  cellular  exudation  Incomes  more  luid  more  prominent,  and 
in  the  subsequent  course  of  the  disease  lends  to  a  new  formation  of  connective 
tissue  within  the  papilhi,  due  to  orgJinizatJon  of  the  exudate.  By  the  sub- 
nequent  shrinking  of  the  connective  tissue  the  fibers  of  the  optic  nerve  are 
reuderi'd  iitrojihic,  und  the  picture  of  neuriiic  atrophy  of  the  optic  nerve  ia 
produced.  We  then  iind  in  plucc  of  the  papilla  n  network  of  connective- tissue 
strands,  and  amrng  thera  blood-vessels  whose  walls  are  thickened. 

Simple  atrtipky  of  the  uptic  nette  oirurring  in  spinal  lesions  first  makes  its  ap- 
pearance in  insular  spots;  isolated  foci  of  disease,  which  appear  grwy  upon  cross- 
section,  showing  themselves  in  the  trunk  of  the  optic  nene.  In  this  case  we  are 
dealing  with  the  same  gray  degeneration  which  eKi»*ts  in  the  posterior  column» 
of  the  spinal  cord  in  tabes.  The  nerve-fibers  lose  their  white  medullary  sub- 
stance, and  are  transformed  into  extremely  minute  fibrilltc,  and  it  is  due  to  this 
fact  that  the  entire  tissue  acquires  its  gray  and  translucent  appearance.  Betweeu 
the  remains  of  the  nerve-fita-rs  arc  found  colls  filled  with  granules  of  fat;  symp- 
toms of  iuJiammatioD  prajxT,  however,  are  wanting. 

The  anatomical  condition  found  in  defending  or  ascending  atrophy  is 
similar  to  that  occurring  in  gray  degeneration  of  the  optic  nerve.  The  atropliy 
reaches  its  highest  degree  in  those  cases  in  which  the  eyeball  has  been  com- 
pletely destroyed,  the  optic  nene  in  tliis  instance  shrinking  in  the  course  of 
time  to  &  thin  strand  consisting  simply  of  connective  tissue. 

Disturbances  of  Vision  withoit  Apparent  Lesion. 

105.  The  expi^ssiona  amblyopia*  (weak  siglit)  and  amaurosis  f 
(absolute  blindwess)  are  in  use  as  terms  to  designate  (listurbant'es  of 
vision.  The  former  designation  is  now  applied  only  to  those  cases  in 
wbioh  tlie  weakness  of  eight  can  not  be  relieved  by  suitable  glasses. 
For  instance,  a  myope  who  sees  badly  with  the  nuked  eye,  but  possesses 
the  full  amount  of  visual  acuity  wiili  the  cnrrticting  concave  glass,  is 
not  amblyopic  but  simply  myopic.  Under  the  name  of  amaurosis  were 
formerly  known  those  cases  of  blindness  in  which  the  eye  liad  externally 
a  normal  appearance,  so  that  this  designation  was  ccpiivalent  to  tlie 
expression  "black  cataract"  ("schwarzer  Staar  ").  The  ophlhulmoscopo 
has  thrown  light  upon  these  cases,  which  are  for  the  most  part  referable 
to  affections  of  the  ehorioid,  the  retina,  and  the  optic  nerve.  At  the 
present  day  the  e.xjiressions  cerebral  amaurosis  and  spinal  amaurosis  are 
used  in  the  old  sense;  those  cases  being  designated  by  these  names  in 
which  blindness  has  set  in  as  a  result  of  diseases  of  the  brain  and  spinal 
cord,  while  the  oxtt^rnal  appearance  of  the  eye  is  normal.  But  the 
word  amaurosis  i.s  also  employed  at  present  in  a  wi<lor  seii.ie  «is  equiva- 
lent to  total  blindness,  even  when  the  eye  shovre  ext^-rnal  changes.  Thus 
we  say  of  an  eye  blinded  by  irido-cyclitis  that  it  is  amaurotic. 

*  Properly  hlnTit-sigbtedncss,  (rum  ö^tiSAdt,  blunt,  and  fii|i,  äghL 
f  ofiaxßpSt,  (lurk. 
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Thanks  to  the  refined  methoiis  of  esumination  with 
most  of  all  thanks  to  tlje  ophtlmlmoscoj>e,  it  in  at  present  possible  itt 
moat  cases  to  discover  the  cause  of  weak  sight  or  of  blindness.  Xover- 
theless,  there  does  remain  a  small  number  of  eases  in  which  we  are  on- 
able  even  now  to  demonstrate  siuy  changes  in  the  eye  as  a  cause  for  the 
disturbance  of  vision.  In  some  of  these  cases  of  disturbance  of  vision 
without  apparent  lesion,  the  changes  are  so  minute  or  have  such  u  situa» 
tion  that  they  are  not  discoverable  by  our  present  methods  of  examina- 
tion. In  other  cases  there  are  no  anatomical  lesions  whatever,  and  what 
we  have  before  us  is  simply  the  so-called  functional  affections — i.  e., 
altered  conditions  of  circulation  aud  nutrition  resulting  in  disturbance 
of  function. 

The  most  frequent  varieties  of  disturbance  of  vision  without  appar- 
ent lesimi  are : 

1.  Congenital  Amblyopia- — We  assume  this  to  exist  in  those  cases  in 
iwhich,  according^  to  the  account  given  by  the  patient,  the  weakness  of 
sight  has  existed  for  a  long  time,  and  in  which  all  other  causes  for  it 
can  be  excluded.  We  are  justified  in  making  this  assumption  wlicn- 
ever  other  congenital  anomalies  are  also  present  in  the  amblyopic  eye^ 
such  as  an  extreme  degree  of  hypermetropia  or  astigmatism,  coloboraa  of 
the  iris  or  the  deeper  membranes,  microphthalmus,  etc.  For  ex{)eri- 
ence  shows  that  such  eyes  almost  always  display  a  reduction  of  the 
visual  power,  which  can  not  be  brought  to  the  point  of  normal  vision 
even  by  the  correction  of  the  error  of  refraction  that  is  present 

Congenital  amblyopia  is  usually  unilateral ;  the  affected  eye  is  then 
very  prone  to  fall  into  a  state  of  squint.  If  the  amblyopia  affects  both 
ejest  nystagmus  develops  (see  §  129). 

2.  Amblyopia  ex  Anopsia.* — Amblyopia  from  non-use  occurs  when 
there  has  bwu  present  since  earliest  youth  an  obstacle  to  vision  in  the 
eye,  which  makes  the  formation  of  «harp  images  upon  the  retina  im- 
possible. In  this  category  belong  cases  of  opacities  either  of  congenita! 
origin  or  acquired  early  in  life,  situated  in  the  cornea,  lens,  or  in  the 
region  of  the  pupil  (pupillary  membrane).  Amblyopia  also  develops 
in  an  eye  which  has  squinteil  since  childhood,  because  in  this  case  the 
perception  of  the  retinal  images  in  this  eye  is  suppressed,  and  the  eye 
is  thus  purposely  excluded  from  participation  in  the  act  of  vision.  In 
all  these  cases,  tho  retina,  owing  to  lack  of  exercise,  fails  to  attain  to 
that  delicacy  of  function  which  belongs  to  normal  eyes,  or  the  func- 
tional capa<"ity  which  has  been  already  acquired  is  lost;  but  absolute 
blindness  never  occurs.  The  function  of  the  retina  never  again  be- 
comes perfectly  normal,  even  if  the  cause  of  the  visual  disturbance  is 
done  away  with  either  through  removal  of  the  optical  obstacle  to  sight 
or  through  correction  of  the  squint  by  an  operation. 


*From  A,  priv.,  and  £4,  sight. 
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"When — as  in  an  adult  man — tlie  development  of  the  retina  has  onco 
been  compk-tod,  an  übstaclo  to  vision  may  last  for  many  years  without 
the  retina  snfTfriiig  any  harm.  Thus  cataracts  which  have  formed  in 
adults  have  been  ojierated  upon  with  perfect  success  twenty  years  or 
more  afterward. 

Treatment  consists  in  the  etirliest  possible  removal  of  obstacle  to 
vision.  This  rule  holds  good  particularly  for  the  cataracts  of  child- 
hood, the  jH?rfor»iaiici)  of  an  operation  upon  which  wua  fornu-rly  as  a 
matter  of  ciioice  put  off  till  the  age  of  puberty,  aUlinugh  M'e  may  oper- 
ate upon  cataract  (by  discission)  in  children  even  at  the  age  of  a  few 
uionths  witli  the  best  results.  Exercising  of  the  ambl3'opic  eye  is  of 
service  in  bringing  up  the  functional  power  of  the  retina.  This  is  par- 
ticularly emi>loye(l  iu  cases  of  strabismus,  where  by  bandaging  the  sound 
eye  we  force  the  eye  which  squint'?  to  see  (see  §  128). 

3.  Hemeralopia*  (Niglit-Bliadoess). — iiy  this  term  wlien  used  in  its 
widest  sen.se  we  undert^ttind  that  condition  in  which  one  sees  well  by 
day,  but  at  night  or  under  feeble  illumination  from  any  cause  sees  poor- 
ly or  not  at  alL  This  condition  is  not  iu  itself  a  disease,  but  simply  a 
symptom  which  may  belong  to  various  diseases.  These  latter  are  divided 
into  two  group.s — opacities  in  the  media  and  diseases  of  the  light- 
perceiving  apparatus.  The  former  may  excite  the  symptom  of  heme- 
ralopia when  they  occupy  the  periphery  and  leave  the  center  free,  as  in 
the  cEise  of  peripheral  opacities  of  the  cornea  »nd  lens.  Under  brilliant 
illumination,  when  the  pupil  is  contracted,  these  no  longer  fall  within 
the  area  of  the  latter,  while,  when  the  illumination  is  diminished  and 
the  pupil  is  dilated,  they  project  into  the  pupil  and  interfere  with 
sight.  Again  when  there  are  slight  diffuse  opacities  distributed  uni- 
formly over  the  entire  cornea,  the  eight  is  often  better  when  the  pupil 
is  contracted,  because  the  dazzling  due  to  diffused  light  is  then  loss. 
The  diseases  of  the  light-perceiving  apparatus  which  are  associated  with 
hemeralopia  are  those  in  which  the  peripheral  portions  of  the  retina 
are  under-sensitive.  In  such  cases  we  find  the  field  of  vision  normal  in 
bright  daylight  but  contracted  when  the  illumination  is  diminished, 
and  hence  find  that  orientjition  and  therefore  the  power  of  going  alfout 
are  rendered  diflicult  at  night.  This  symjitom  appertains  most  espe- 
cially to  retinitis  pigmentosa,  bnt  is  also  sometimes  observed  In  other 
forma  ol  inflammation  of  the  retina  and  the  chorioid.  Idiopatliic 
hemeralopia,  which  will  be  discussed  more  at  length  further  on,  also 
depends  upon  a  lesion  of  the  light-perceiving  apparatus,  although  it  is 
impossible  to  demonstrate  any  material  changes  in  the  latter. 

The  symptotii  opposed  to  hemeralopia  is  jitfcluhpia  f — i.  e.,  that 
condition  in  which  the  sight  is  better  at  night  or  in  diminished  illu- 


*  Frora  iiftdpa,  day,  and  fitf,  sieht 
t  From  rii,  night,  and  fi^,  sight. 
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ition  than  in  bright  daylight.     Th 


symptom,  too,  belongs 
groups  of  diseiisos  M'hieh  have  their  eoat  eitlier  in  the  media  or  in  the 
light-porceiving  apparatus — only,  in  this  case  the  site  of  the  changes  is 
juet  the  reverse  of  that  found  in  hemeralo]»ia.  The  opacities  of  the 
media  causing  nyctalopia  are  centrally  situated  (in  the  cornea,  pupil, 
or  lens),  so  that  when  the  pupil  is  contracted  they  occupy  its  entire 
area,  but,  when  upon  diminution  of  the  illuminatiun  the  pupil  dilates, 
the  peripheral  portions  which  are  still  transparent  can  be  used  for 
seeing.  The  affections  of  the  light-perceiving  apparatus  are  those  in 
which  the  outlying  portions  of  the  field  of  visum  are  normal,  while 
in  the  center  there  is  a  scotoma.  In  these  cases,  to  be  sure,  the  visual 
acuity  is  ordinarily  no  better  with  diminished  illumination  than  it  ia 
in  full  daylight,  but  the  feeling  that  central  vision  is  blunted  is  less 
unpleasant,  so  that  the  patient  imagines  that  ho  sees  better  in  the 
evening.  This  symptom  is  most  pronounced  in  tol>acco-aniblyopia 
(see  page  440). 

Besides  the  above-mentioned  cases  in  which  hemeralopia  exist«  as  a 
symptom  of  other  changes,  there  are  some  in  which  apparently  hetnero' 
lopia  occurs  idiopat/nrally,  i.  e.,  without  perceptible  changes  iu  the  eye. 
These  are  denoted  by  the  name  of  hemeralopia  or  night-blindnesa,  in 
the  narrower  sense  of  the  word.  If  tests  of  the  vision  are  made  in 
such  a  case,  it  is  found  that,  according  to  the  statements  of  the  patient, 
the  visual  acuity  is  normal  when  the  illumination  is  good,  but  sinks 
with  unusual  rapidity  when  the  ilhunination  is  diminished.  If  the 
room  is  darkened,  hy  letting  down  the  window-curtains  to  such  an 
extent  that  the  examining  physician  can  still  read  medium-sized  print, 
the  patient  will  perhaps  no  longer  recognize  the  large  letters,  or  he  trill 
even  in  walking  through  the  room  stumble  over  the  chairs  which  st4ind 
in  his  way,  A  more  accurate  examination  can  be  made  by  means  of 
Förster's  photometer  (see  page  28),  which  in  these  cases  shows  a  consid- 
erable reduction  of  the  light-sense.  If  the  retina  is  set  in  action  by 
Buftk'ieutly  strong  stimuli — i.  e.,  by  brilliant  images — it  performs  its 
functions  normally;  but  as  soon  as  the  stimuli  sink  below  a  certain 
limit  it  no  longer  reacts  toward  them.  This  condition  is  called  torpor 
retinae.  In  it  examination  with  the  o])htlialniosco|>e  shows  no  changes 
whatever  in  the  interior  of  the  eye.  But  in  most  cases  a  xerosis  of  the 
bulbar  conjunctiva  exists  (see  page  112);  i.  e.,  we  find  in  the  latter 
upon  the  outer  and  inner  side  of  the  cornea  a  small  rounded  or  trian- 
gular spot,  over  which  the  surface  of  the  conjunctiva  looks  dry  and 
seems  as  if  covered  with  a  fine,  whitish  foam.  Xerosis  of  the  con- 
junctiva has  no  other  oonnectjon  with  torpor  retina^  than  that  both  are 
symptoms  of  a  reduce*!  state  of  nutrition  of  the  eyeball. 

llemevalopia  originates  in  a  disturbance  of  nutrition  of  the  retina, 
the  real  nature  of  which  has  not  yet  been  discovered.  Two  chief 
exciting  causes  for  this  diuturbance  of  nutrition  are  known,  and  heme- 
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ralopia  is  usually  produced  by  their  combined  action.  Dazzling  by  a 
bright  light  is  the  first  of  these.  Hence,  the  disease  is  chiefly  observed 
ill  tlie  spring  when  the  sun  begins  to  sliine  with  greater  intensity.  Sail- 
ors, when  they  come  under  the  dazzling  sun  of  the  tropics,  are  frequently 
attacked  by  the  disease.  The  second,  and  without  doubt  more  impor- 
tant, cause  is  a  reduction  of  the  general  nutrition.  The  disease 
accordingly  is  found  in  pcoide  who  In  general  are  insufficiently  nour- 
ished, as  the  inmates  of  workhouses,  penal  establishments,  and  orphan 
asylums,  and  soldiers  and  sailors  (in  the  latter  occnrring  simultaneously 
with  scurvy).  In  Russia,  tho  di-sease  is  found  especially  during  and 
after  the  long  fast  at  Easter,  during  which  time  the  people  eat  no  meat ; 
at  this  time  the  disease  not  infrequently  nppoars  as  an  epidemic. 
Furthermore,  hemeralopia  is  sometimes  observed  in  jaundice,  in  inter- 
mittent fever,  in  chronic  alcoholism,  and  also  in  pregnant  women, 

The  proffnusis  of  hemeralopia  is  favondjle,  us  tho  disease  usually 
gets  well  of  itself  after  some  weeks  or  mouths.  It,  however,  leaves 
behind  it  a  tendency  to  recurrence«  which  usually  make  their  appear- 
ance in  tho  spring  or  summer  of  tho  years  next  succeeding. 

The  treatment  consists  in  elevating  the  nutrition  by  strengthening 
diet  and  by  corroborative  remedies  and  in  protecting  the  eyes  from  light. 
In  the  lighter  cases,  we  make  tho  patient  wear  dark  glasses,  in  the 
severer  cases  we  keep  him  for  several  days  in  a  dark  room.  By  this 
treatment  an  abbreviation  of  the  disease  is  secured. 

Hemeralopia  in  conjunction  with  xerosis  of  tlie  conjunctiva  is  also 
found  as  a  precursor  of  keratomalacia,  which  likewise  must  be  regarded 
as  the  consequence  of  a  disturbance  of  the  general  nutrition  (see  §40). 

4.  Amblyopia  and  Amaurosis  of  Central  Origin.— Disturbance  of 
vision  may  bo  set  up  h\  disraso  of  the  brain  without  there  being  any 
ophthalmoscopically  i)erceptible  changes  in  the  eye,  such  as  neuritis  or 
atrophy  of  the  optic  nerve.  Disturbances  of  vision  of  this  tort  may 
be  transient  only,  even  when  they  amount  to  absolute  blindness.  Urfemic 
amaurosis  (see  page  409),  which  is  produced  by  retention  of  the  urinary 
constituents,  affords  a  good  example  of  this.  But  in  those  cases  in 
which  gross  lesions  of  the  brain,  such  as  inflammatory  processes  or  new 
growths,  give  rise  to  the  disturbance  of  vision,  the  latter  is  permanent^ 
and  o])hthalmoBcopic  changes,  usually  under  the  form  of  a  descending 
atrophy  of  the  optic  nerve,  are  often  associated  with  it  later.  Disturb- 
ance of  vision  de])endent  upon  a  central  cause  makes  its  a]i[)earance  not 
infrequently  under  the  guise  of  hemiopia  (homonymous  or  temporal). 

5.  \  jK'culiar  form  of  tcmponiry  blindnc»«  of  central  ori«riii  is  the  SCiDtillftt- 
isg  BCOtoma  (scotoma  i^ointtUaiia,  Amaurotiiiä  jiartiali»  fuj^^ax,  or  teiclKipsiH  *  ). 
The  patient  who  suffers  from  it  notices  thai  a  scintination  attended  witli  feei- 


•  Prom  T««x«t,  wall,  and  C\^tt,  vision,  on  nrrnnnt  of  the  zi^rzag  line«,  rfseml)ling 
fortification-walls,  often  »cen  on  tho  edge  of  llie  .scintillating  spots, 
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in;;H  of  vertigo  p.ppcars  before  his  eyes,  and  that  this  rapidly  increases  until 
titmlly  he  eun  scarcely  see  at  all.  Persona  who  arc  more  nccarate  obaef^w«  «f 
their  scDBationg  uminlly  aver  that  the  sciutill&tioD  takes  it8  origin  from  a  small 
H|K>t  situated  not  far  from  the  point  of  fixation,  and  then  gradually  spread«  over 
n  pretty  large  portion  of  the  field  of  Tision  which  becomes  more  and  more  con- 
tracted as  the  scintillation  extends.  The  outlines  of  the  scintillating  area  are 
often  formed  by  a  line  which  mas  in  and  out  in  a  T^igzag  fashion.  After  a 
quarter  or  a  half  of  tin  hour,  the  attack  abates,  the  visual  field  beginning  (o 
clear  up  at  the  jioint  first  affected.  Scintillating  scotoma  is  usually  accompaniod 
by  headaclie  and  sometimes  also  by  nausea,  and  frequently  a  regular  attack  of 
migraine  is  )oineii  with  it. 

The  roittrnt  origin  of  scintillating  scotoma  is  apparent  not  only  from  the 
RCOompanying  and  following  headache,  but  also  from  the  fact  that  it  always 
alT4ictN  b<»lh  i-yvM  in  the  same  way,  and  fictjuently  occurs  under  the  form  of 
liemiopia— i.  c,  it  occupies  but  one  huif  (and  that,  too,  the  humonymouä  half)  of 
thp  fl*!ld  of  vision  iu  euch  eye.  The  symptoms,  on  account  of  their  short  dura- 
tion, ciiii  Hi-nrcrly  be  rcfcrrrd  to  anything  but  circulatory  disturbances,  the  site 
of  whJi'h  is  proliiibly  tlie  optiod  areas  of  the  cortex  in  tiie  occipital  IoIr-s.  The 
rir(;ulutory  disturbance  sets  up  an  irritation  of  the  ü]>tical  elements — an  irrilation 
which  «ccoiding  to  tin*  laws  of  projection  is  referred  to  the  external  world,  and 
appear"!  unHiT  tilt*  form  of  a  colored  scintillation,  while  at  the  same  time  the 
IMTceptiini  <if  periphenil  irapressions  is  abrogated.  At  the  beginning  of  a  faint- 
ing attjick,  U)u,  which  in  fact  is  likewise  due  to  circulatory  disturbances  in  the 
bmiri,  syniiitoms  make  their  appearance  which  are  perhap«  identical  with  scln- 
tillaling  wotmua  ;  people  averring  that  everything  looks  green  and  blue,  or 
•clntillntcH,  nr  grows  dark  before  thoir  eyes. 

Hcinttlhiting  scotoma  is  an  uncommonly  wide-spread  afTection.  If  it  occurs 
but  riiPfily  III  iatervaU  of  several  years — no  significance  is  attached  to  it  by  the 
palieni,  as  it  disiipjwar«  again  rapidly,  and  without  leaving  any  bad  results.  It 
ia  cmly  wlien  the  symptom  is  repeated  frequently — and  it  may  even  recur  eeveral 
tUnea  a  tlay  -lliat  iIidso  who  are  troubled  with  it  come  to  the  physician.  Such 
fwtlentr»  alleg«  iw  the  cau.Mie  of  their  scintillating  scotoma  excessive  physical  or 
mental  exertion,  Mt ruining  of  the  eyes,  dazzling  light.,  or  a  greet  sense  of  hanger; 
often,  hiiwever,  no  dethiite  cause  can  be  made  out.  The  treatment  must  be 
ronltned  to  o|)posing  the  cause  of  the  scotoma.  Such  treatment  consists  in 
incn^aMJitg  the  general  Btrt<ngth,  excessive  exertion  being  at  the  same  time 
avoided.  A  glasn  of  «Ino  drank  quickly  at  the  beginning  of  an  attack  auffict« 
in>l  liifrecinently  to  rut  it  short  On  those  cases  in  which  it  is  caascd  by  annemia 
of  the  brain}.  Ordiniu'y  cases  of  scintillating  scotoma  are  associated  with  no 
evil  iH>n«>qiii'nci'M,  It  is  otherwiae  with  those  in  which  other  symptoms  of  cen- 
tnd  diMturbanee,  such  as  weakneoa  or  paralysis  of  an  extremity,  aphasia,  etc., 
make  their  iipfH-arance  at  the  same  time  with  the  scotoma;  here  the  latter  is  not 
Infreipiently  the  precursor  of  a  serious  affection  of  the  brain. 

<V  The  hyitäliOftl  diftnrbances  of  vilion  (disturbances  occurring  in  the 
same  way  in  nfurtut^fniti  ul.so)  arc  likewise  of  central  origin.  There  are  hys- 
terical amblyopia  and  liystrrirol  asthenopia. 

lfy«f*riciit  umNjfOffiii  consists  in  a  diminution  of  the  acuity  of  viaion  and  a 
concentrio  ci^ntraction  of  the  field  of  vision;  not  infre<)uently  too  there  is  an 
accom]vanying  coU)r  blindness.  The  peculiar  rapidity  with  which  the  nervous 
«ystcm   iK-come«  exhaust^ti   in   i^uch   |iatienti>   uuoifcsts  itself  often   in  their 
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becoming  tired  quickl;  during  the  act  of  testing  the  vision  and  particularly 
during  tlie  proct-sa  of  tjiking  the  visual  field.  The  louger  we  examini-  the  visual 
field,  the  more  restricted  du  we  find  its  limits  (Förster).  Sometimes  the  disturb- 
ance of  vision  amountn  to  comjilete  biindneHs.  Hysterical  amhlyojiia  geDeraliy 
exitits  in  both  eye«,  although  for  tlic  moat  part  in  n  different  degree. 

The  iHagiioti»  of  hyatericul  aiublyopia  is  principulty  based  upon  two  points. 
The  first  of  these  is  the  abaence  of  any  demoufetruble  changes  in  the  eye  which 
might  explain  the  enfecblcment  of  £<ight.  The  second  i»  the  lack  of  that 
•greement  between  the  iudividtial  «ymptoms  constituting  the  disturbance  uf 
TiaiOD»  which  under  other  circumstances  they  would  exhibit.  Thus,  the  acuity 
of  vision  and  the  extent  of  llie  visual  field  change  frequently;  the  relation  of 
the  color-limits  within  the  visual  field  are  not  in  accordance  with  the  rule  (see 
page  27);  persona  whose  viisual  field  is  unusually  contracted  rflll  move  with  per- 
fect security  and  without  «tumbling  in  a  space  which  is  not  well  known  to  them ; 
in  fact,  even  in  those  who  are  absolutely  blind  we  sometimes  find  the  same  thing 
occur,  if  they  think  that  they  are  not  ol>served.  It  can  be  seen  from  these 
statements  that  it  is  often  difficult  to  draw  the  line  between  simulation  and  a 
hysterical  btindnesa — i.  c.,  one  having  an  actual  existence  in  the  imagination. 
In  the  latter  case  there  may  be  other  evidences  of  hysteria  or  neura«tbeni»  asso- 
ciated with  the  symptoms  of  the  hysterical  amblyopia,  which  will  render  the 
diagnosis  more  certain. 

Hysterical  amblyopia  chiefly  attacks  young  people,  particularly  of  the  female 
Bex.  It  affords  a  good  prognosis  as  ordinarily  a  complete  cure  takes  place.  The 
diaeaae,  however,  usually  last«  for  a  long  time,  often  for  years.  Treatment  con- 
eist-s  in  the  management  of  the  causal  lesion,  re-en fnrccd  locally  by  hypodermic 
injections  of  strychnine  and  the  application  of  the  constant  current.  The 
brilliant  results  sometime«  obtained  by  the  two  last-named  remedies  is,  however, 
mainly  ascribable  to  their  psychic  influence  upon  the  patir>nt  when  the  latter  ha» 
confidence  in  the  treatment  and  anticipates  a  cure  from  it. 

Jlysterieal  or  nervous  asthenopia*  consists  in  nn  incapacity  i>f  the  eye  for  any 
continuous  exertion,  in  spite  of  there  being  good  visual  power.  Some  complain 
that  after  reading  or  working  for  even  a  short  time  everything  becomes  covered 
with  a  cloud,  «o  that  the  work  has  to  be  Inid  aside.  Others,  again,  allege  that 
after  pursuing  their  occujiation  for  a  little  while,  indeed  even  after  reading  a 
few  lincH,  they  have  violent  pains  in  the  lid.H,  eyeball,  or  head,  which  render  llie 
continuance  of  the  work  imp<is«!ble  (copiopia  t  hysterica,  Förster).  When  no 
strain  is  put  upon  the  eyes,  there  is  no  trouble;  in  other  ea.ses,  however,  the  pains 
never  entirely  disappear,  or  a  great  sensitiveness  to  light  is  constantly  present. 

In  making  the  diagnosis,  proof  must  first  of  all  be  forthcoming  that  there  is 
no  error  of  the  refraction  or  of  the  musciilar  ei)UTlibrium  to  cause  the  trouble. 
Nervous  asthenopia,  like  hysterical  amblyopia,  with  which  it  frpi]uently  is  asso- 
ciated, is  often  extremi'ly  obstinate,  and  sometimes  for  years  prevents  the  patient 
affected  by  it  from  engaging  in  any  serious  occupation.  In  it,  too,  the  psychical 
factor  plays  a  great  part  in  the  treatment.  I  have  found  electricity  (gnlvanizjition 
of  the  sympathetic)  the  most  efficient  means.  Very  recently  cases  have  Iwen 
described  under  the  namoof  dytUstia  (Berlin)  which  might  easily  be  confounded 
with  asthenopia.     lu  these  cases  reading  often  becomes  imjwssible  even  after  a 


*  From  offfln^t,  weak,  and  &^,  sight 
f  From  «emr^o,  exhaustion,  and  fif,  sight. 
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fpw  words  have  Iwen  read,  without  thore  being  any  blurrinir  of  the  print  or  «nr 
jmin.  In  several  of  these  case«  auto|viy  has  dt  monslratt-d  the  prvBenu«  of 
dinoase  in  the  loft  cerebral  hemisphere,  more  particularly  in  the  neighborhood  of 
the  third  frontal  convolution. 

7.  Color-blindness.— Color-blindne$a  occurs  both  as  a  congenital  and  an 
acquired  affection.  The  former  is  not  a  dLsease  but  an  imperfection  of  vision 
dependent  m>uti  unknown  causec;  the  latter  accompanies  many  diseaaea  of  the 
retina  and  optic  ner\e. 

Congniital  cohr-Nindnem  u  known  as  daltonism,  after  the  English  physicist 
Dnlton,  who  was  himself  color-blind,  and  wa»  the  firet  to  describe  this  defect 
accurately.  It  may  be  toUil,  so  that  no  color  is  recognized,  and  the  ext^Tiu»! 
world  looks  gmy  all  over  like  an  engraving;  or  it  may  be  partial,  only  a  corlain 
group  of  colors  being  deficient.  The  former  variety  is  extremely  rar«« :  the  latter, 
on  the  other  hand,  is  pretty  frequent.  Very  often  it  i»  not  complete  hlindne«« 
for  any  .special  color  that  exists,  but  only  a  rather  less  marked  nbiiity  to  di>itin- 
giiii^h  one  from  the  other,  so  that  color»  are  not  recognized  with  tlie  same  cer- 
tainty and  at  the  game  di^itunee  as  Ls  the  cose  in  the  normal  eye  {wtatnem  «f  tht 
eolor-tftite).  There  are  thus  all  sorts  of  transition- forms  between  normal  coior- 
seoflc  and  total  color-blindness. 

The  di.vtribution  of  the  ca-se*  of  partial  color-blindness  into  different  cate] 
ries  i»  made  in  accordance  with  the  theory  of  color-perception  which  isconsJd 
ercd  to  lie  at  their  Iwwe.  In  the  following  considerations  we  shall  first  »tart 
wiLh  tlic  Young-IIelmholtz  theory.  This  assumes  the  existence  of  three  funda- 
mental senwitions,  corresponding  to  the  fundamental  colors  red,  grwcn,  and 
violet;  and  sup|X)»cs  the  other  color-sensations  to  originate  through  a  varying 
mixture  of  the  fundamental  sensations.  Partial  color-blindness  would  then 
consist  in  the  deficiency  of  the  sensation  for  one  of  the  primary  colors,  so  that 
the  color-sensations  of  the  affected  individual  would  be  compounded  oulv  of 
the  other  two  fundamental  colors.  According  to  the  fundamental  color  tliat  is 
deficient  we  make  the  distinction  between  red -blind  nes««,  green-blind  ne»*,  and 
violet -blindness. 

Now,  in  what  way  does  a  color-blind  person — for  instance,  one  affected  with 
red-blindness — coniiM>rt  himself?  We  are  not  to  sup|iose  that  such  a  one  does  not 
perceive  red  objects  at  all,  or  that,  if  ho  sees  them,  they  appear  |>erfectly  color- 
iesfl.  The  fact  is  simply  that  the  sen.Mwtion  which  ho  has  in  looking  at  n-d  ob- 
jects is  the  same  as  that  which  green  objects  excite  in  him,  so  that  he  confound« 
red  and  green  with  each  other.  To  understand  this,  we  must  for  the  presit-nl 
adhere  to  the  Young-Helmholtz  theory-  According  to  this,  there  are  in  the 
retina  three  species  of  fibers  correspijuding  to  the  three  primary  colors.  Each  one 
of  these  species  of  fiber»  ia  set  into  action  by  all  kinds  of  colored  light,  but  to  a 
different  degree  of  intensity.  Some  fibers  are  set  into  action  most  strongly  bv 
rod  my«,  less  »o  by  yellow,  still  le.ss  by  green,  and  least  of  all  by  violet.  ThcT 
are  hence  designated  simply  as  the  fibers  for  the  |K*rceptlon  of  red.  The  ciure 
represented  in  Fig.  91,  A^  illustrates  the  way  in  which  these  fibers  act.  Tlie 
different  colors  of  the  sjK'ctrum  are  laid  oil  upon  the  abscissa,  while  the  onll- 
nate  shows  tlie  intensity  of  the  excitation  pnxluced  by  each  individual  color.  In 
analogous  fashion  the  second  set  of  fibers  is  set  into  action  most  strongly  by  the 
green  rays  (Fig.  91,  H),  the  third  group  of  fibers  most  sirougly  by  the  violet  my» 
(Fig.  91,' f). 

Every  kind  of  light  aflccta  all  three  groups  of  fibers  at  the  same  time,  nod 
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sets  them  all  into  action,  but  with  dilferinff  intensity,  a»  is  shomi  by  Fig.  91,  J), 
in  which  th«  curves  «>f  the  three  group«  of  fibers  are  erected  ufion  the  same  al)- 
Bciasa.  The  red  ray,  r*,  excites  moat  strongly  the  fibers  for  the  perccjjtion  of 
red,  more  feebly  those  for  the  f>erception  of  green,  and  least  of  all  those  for  the 
perception  of  violet.  Under  these  circumstances  we  get  a  öensation  of  red,  be- 
caxwe  the  degree  of  excita- 
tion of  the  fiber»  for  the  jkt- 
ceptioa  of  red  exceeds  that 
of  the  other  fillers.  In  like 
fa«hion,  a  green  r«y,  f/r*, 
stimulates  the  fibers  for  the 
jxTception  of  green  nvnre 
stningly  tliiui  it  does  the 
other  two  kttidB,  and  excites 
the  seiuation  of  green.  Aa 
analogous  statement  holds 
good  for  the  aeasation  of  vio- 
let (f,). 

Now,  a  man  aflBieted  with 
red-blindness  [»resenta  a  con- 
dition differing  from  thi«  nor- 
mal one,  in  that  the  ülwr»  fur 
the  perception  of  red  are  ab- 
sent (Fig.  111.  E).  If  he  looks 
at  the  !<)HTtriim  it  apjH'iir»  to 
him  shortened  at  its  red  end, 
since  Ivc  scch  only  lilackness 
at  spots  where  otliers  still 
perceive  red.  A  red  ray,  r", 
which  fiklts  upon  this  inan'H 
retina  set.«»  into  action  only 
the  fit)er8  for  the  perception 
of  green  and  thowe  for  the 
perception  of  violet — and  of 
these  the  former  more  mark- 
edly, so  that  the  resultant 
eflfect  will  l>e  a  green.  If 
green  light  falk  up<in  the 
rctiiin,  the  fibers  for  the  per- 
ception of  green  arc  again 
stimulated  inorestronplytFian 
those  for  tbit  jiereeption  of 
violet,  and  again  the  sensa- 
tion of  green  is  produced. 
Where,  then,  we  have  two 
different  »arts  of  sensations, 
viz.,  red  and  green,  a  person  with  red-bliiidncss  ha.««  two  that  are  similar,  namely, 
both  green.  (The  shade  of  green  which  «ppears  to  most  persons  with  red-blind- 
neas  to  have  the  «ime  color  as  red  is  that  hue  of  hluiKh  green  which  is  comple- 
mentary to  red.)     A  j>ersoa  with  n-d-blindness,  however,  ran  distinguish  these 


Fl'»  Ol  —  RlPBCBZyTATIOfl  or  COLOm-pERCCPTIOK.  ACCORÖ- 
INfi    Tl>  THE  'rilEOBT   I  r    Yol'KO   ANIl    llet.UIIOLTZ. 

The  nhsclssa  ri-pr»-wrili»  thi-  »iw^-lnini.tbt-  color»  of  uliioh 
are— red,  r,  oratijre.  o,  vt- llow.  g.  ^ven,  or,  blue.  U, 
violet.  I' :  tiie  iMirvi-«  wnloh  ri-sv  bVmivp  the  abocissa 
ithow  RT^phleally  the  HenHlllvene»«  of  tie  three  sorts 
of  fibers  in  the  retitia  toward  rays  of  different  wnve- 
lenirths.  The  ordinate*,  r'.  or'.'aud  e,  indlrnle  the 
iiilen«tty  of  the  Htiniiilatlon  or  the  IllH-n«  pro«liiii.-d  liy 
re«l,  trreen,  ami  violet  rays.  A  Klves  the  eiirve  reppe- 
n'titintr  the  «ensitiveneng  of  the  <ll>erB  fi>r  the  [n-rei'l)- 
tloi>  or  red  :  R.  thAt  of  the  flhen)  fur  the  j>er<-i-fition 
I'f  KTeen  ;  C.  thnt  of  the  fibers  for  the  [)«'riv|ii|iiii  of 
violet.  Ill  O.  nil  tlirf*-  curve»  «re  nr|ire«eiit«il  nt  Ihe 
Minn-  time  K  «hows  the  curve«  of  Beiisltlveiie»«  of  a, 
reti-blind  eye  In  which  the  fibers  for  the  petwtitlon  tif 
red  atv  aNHunied  to  be  wantluft. 
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two  flenoBtioos  from  e&eh  other,  for,  thoagh  similar  iode«d,  they  «re  not  quite  the 
BUoc,  They  are  dütinguübed  from  each  other  bj  their  differeDoe  in  brilllAocj. 
For  let  OB  MKone  that  the  red  and  green  rays  selected  a«  an  example  are  of  the 
aame  brilliaDC7  to  a  oonnal  eye.  Such  an  eye  cao  still  distinguish  them  apart, 
owing  to  their  difference  in  color.  The  caae  ia  otherwise  with  a  red-blind  man ; 
in  him  the  red  ray,  in  spite  of  its  luminous  intensity,  causes  but  slight  stimula- 
tion of  the  flbers  for  the  perception  of  green,  »mply  because  these  fibers  are  in 
any  caae  but  slightly  sensitiire  to  red  mys.  The  sensation  produwd  by  the  red 
ray  is  hence  a  feeble  one.  and  the  color  which  h  seen  looks  dark.  The  green 
ray,  od  the  other  band,  i>;  perceived  in  its  full  hhlliancy,  because  the  fibers  for 
the  perception  of  green  are  stimulated  by  it  in  the  normal  fashion.  In  this  way 
it  ia  generally  possible  for  the  man  with  red-blindness  to  distinguish  red  from 
green,  not  indeed  by  the  difference  in  color,  but  by  their  difference  in  brilliancy. 
This  difference,  however,  between  the  character  of  his  own  sensation  and  that 
of  a  man  with  normal  rision  ujcually  remains  unknown  to  the  color-blind  per- 
son. When  growing  up.  he  learns  the  expresaioDS  red  and  green  from  his  asso- 
ciates, certain  objects  being  pointed  out  to  him  as  red  and  others  as  green.  lie 
is  told  that  the  leaves  of  the  cherry-tree  are  green  and  the  cherries  between 
them  red.  And,  as  he  too  notices  a  difference  between  the  leave»  and  the  cber- 
rie«,  although  it  is  a  difference  of  brilliancy  and  not  of  color,  be  thinks  that  he 
sees  just  aa  other  people  do.  On  account  of  the  sensitiveness  to  differences  of 
brilliancy, which  color-blind  pennins  usually  poaaeas,  they  can  generally  tell  cor- 
rectly the  color  of  objects  even  when  they  have  neTer  seen  them  before.  Thu.s  it 
happens  that,  in  the  ca«c  of  many  color-blind  persons,  neither  do  they  themselves 
know  anything  of  their  defect  nor  are  their  associates  aware  of  it.  A  physician 
once  came  to  me  who  was  charged  with  the  tai*k  of  testmg  the  employ^«  of  u 
railroad  for  color-blindness.  He  wished  to  inform  himself  under  my  tuition  in 
regard  to  the  methods  of  investigating  the  color-sense.  When  I  came  to  show 
him  the  different  tests,  it  soon  turned  out  that  he  himself  was  red-blind.  Vp 
to  that  time  he  had  known  nothing  of  this  ftict.  and  indeed  was  quite  offouded 
at  the  imputation  of  being  color-blinrl.  It  even  happens  that  the  color-blind 
carry  on  occu|Hitions  which  in  a  jHtculiar  degree  demand  an  excellent  sense  of 
rojor;  thus  theio  are  coJur-biiml  painters. 

While  with  rnsmy  of  the  color-blind  the  defect  remains  undiscovered  during; 
their  whule  life,  in  others  it  is  disclosed  by  their  committing  some  gross  mis- 
take in  the  choice  uf  colors,  a.s,  for  instance,  in  the  case  of  the  tailor  who 
wanted  to  mend  a  black  coat  with  a  |>atch  of  red  cloth.  How  does  a  color- 
blhid  man  commit  such  mistakes?  We  have  seen  above  that  a  man  with  red- 
i)lintlucH.'i  di-'tinguishes  red  and  green  of  equal  brilliancy  by  the  fact  that  the 
former  looks  darker  to  him  than  the  latter.  If  now  we  gradually  diminüsh  the 
brilliancy  of  the  green,  we  must  tiuaMy  reach  a  jmint  at  which  this  color  hKiks 
no  lighter  to  the  man  with  red-hliri«lnpKs  tiitiii  docs  the  red  which  haa  not  been 
altered  in  brilHuncy.  At  this  mometit  he  is  dL-|»rived  uf  the  means  of  discrimi- 
nating between  the  two  colors,  afforded  by  their  difference  in  brilliancy,  and  ia 
now  unublc  in  any  wny  to  distinguish  the  two  colore  apart.  Colors  ch<*«en 
uptin  this  principle  «re  hence  known  as  confusion-color«.  On  account  of 
tije  great  sensitiveness  of  color-blind  jn'ople  to  differunces  in  brilliancy,  the 
pri'paration  of  these  confusion-culurs  requires  grent  care,  and  is  best  |)erformed 
by  painters  who  arc  themselves  color-blind,  and  who  keep  toning  down  two 
different  colors  until  they  seem  to  them  to  be  alike.     ConfusioD-colors  pro- 
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pared  in  thi8  way  are  very  well  adapted  for  the  detectioD  of  color-blindness 
(Stilling). 

Wlmt  has  been  said  in  regard  to  those  affected  with  red-blindness  is  also 
tnie  of  the  otl>er  two  classes  of  the  color-blind,  thoae  affected  with  green-blind- 
ness and  those  affected  with  violet-blindnesa.  The  cirnurastance  that  is  com- 
mon to  all  people  affected  with  juirtial  color-blindnesB  is  that  one  of  the  three 
fundamental  eensations  is  dclicieut.  It  is  not  necessarj'  that  one  of  the  tliree 
speciea  of  fibers  «hould  be  comploteiy  absent,  as^  for  the  sake  of  «iniplicity,  haa 
been  assumed  in  the  example  ubove  adduced.  On  the  contrary,  it  is  probable 
from  v&riouH  reasons  that  the  excitability  of  one  kind  of  fibers  haa  simply  become 
altered  eo  that  ita  curve  is  to  be  imagined  as  something  different  from  that 
which  the  plan  outlined  above  presents;  the  curve  of  the  fibers  for  the  per- 
ception of  red,  for  example,  approximating  to  that  of  the  fibers  for  the  perception 
of  green. 

Many  authors  place  Ilering's  theory  of  color-perception  at  the  basis  of  their 
division  of  color-blindness.  This  theory  start»  from  nn  analysis  of  the  sensa- 
tions which  we  have  in  looking  at  a  color.  Most  colors  excite  in  us  a  mixed 
sensation.  Thus,  in  orange  we  see  besides  yellow  a  certain  amount  of  red;  an- 
other sort  of  yellow,  again,  has  a  tinge  of  green,  etc.  Still,  among  all  the  shades 
of  yellow,  there  is  one  in  which  we  can  percinve  no  other  color  besides  yellow; 
this  is  the  pure  or  primitive  yellow,  Of  such  pure  colors  which  excite  in  us  a 
simple,  unmixed  sensation  there  are  besidfs  yellow  only  three — nanu'ly,  pure 
red,  pure  green,  and  pure  liliie.  These  four  pnmnry  colors  form  two  pairs, 
niinifly,  red  and  green  and  yellow  and  blue.  The  two  colors  of  each  pair  are 
called  contrary  colors,  because  they  have  this  jK'culiarity  that  they  never  can 
be  perceived  at  the  same  time  in  the  same  color.  We  can  conceive  of  a  blue 
which  afford«  sinuiltaneously  the  impreKwion  of  some  green  or  some  red,  but 
we  C4in  not  conceive  of  one  which  would  also  excite  the  sensation  of  yellow. 
Tlie  contrary  colors,  therefore,  are  mutually  exclusive,  00  far  as  senj>ation  is 
concerncKl. 

Every  color  may  occur  in  different  degrees  of  ctncentration  and  of  brilliancy. 
This  depends  tijwn  the  fact  that  every  color  produces  in  us  besides  the  sensation 
of  color  also  that  of  white.  Colors  along  with  their  color  "  valence  "  have  also 
a  white  "  vnlente,"  and  upon  the  mutual  relations  of  these  two  valences  depend 
the  concentration  and  brilliancy  of  the  color.  The  primary  colors  possess  along 
with  the  white  "  valence  "  only  one  color-valence,  but  the  njixed  colors  jKJSsebS 
two.  Thun,  there  belong  to  violet  a  blue,  a  red.  and  a  white  valence.  The  way 
in  which  the  action  of  light  upon  the  ternunations  of  the  ner\-es  in  our  retina 
takes  place  is  that  bodies  {"  visual  substances")  are  j>ret5ent  in  the  latter  which 
suffer  chemical  changes  due  to  the  light.  Such  changes  maybe  of  twodiffereut 
and  indeed  opposite  sorts,  the  visual  substances  being  either  decomposed  ("dis- 
asaimilrttcd  ")  or  regenerated  ("assimilated  ")by  the  light.  The  white  valence 
which  all  colors  possess  depends  upon  the  disassimilative  action  which  they  exert 
\i]>on  the  vi.sual  substance  for  the  perception  of  bisick  und  white.  In  the  absence 
of  light,  assimilation  of  this  substance  takes  place,  so  that  we  have  the  sensation 
of  blackness.  Besides  the  black  and  white  visual  substance  there  üre  two  others, 
namely,  a  red-green  and  a  blue-yellow  sulwtance,  as  we  will  call  tlum  for  short. 
These  ore  not  altered  by  every  kind  of  light,  but  only  by  that  kind  which  has 
the  corresponding  color-valcncc.  Pure  red,  for  instance,  would  disassimilate 
only  the  red- green  substance,  pure  green  would  cause  its  assimilation,  while 
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violet  üCtB  both  on  the  red-green  niid  upon  the  blue-yellow  subütance.  If  pure 
red  and  pure  green  light  full  at  the  »tame  time  upon  the  same  spot  of  the  retina, 
it  de[iendsupoo  the  proportion  between  the  two  whether  disastsimilatiun  prevails 
over  assimilation  or  the  contrary.  The  resulting  8en«ation  consequently  is  either 
red  or  green,  but  never  both  together.  If  the  two  contrary  colors  are  so  choMa 
with  respect  to  their  quantity  that  they  are  in  equilibriuni  in  their  action  upon 
the  visual  substance,  their  culor-valences  are  ahrogutt :d ;  there  only  rc;mains  the 
action  of  the  two  kinds  of  light  upon  the  black-whito  substance,  so  tliat  there 
is  a  sensation  of  white  of  a  certain  degree  of  brilliancy.  For  these  neaaooa, 
therefore,  the  contrary  colors  tmitunlly  exclude  each  other  in  sensation,  and  when 
mixed  in  certain  pro]Kirti«in9  ofiTord  a  sensation  of  absence  of  color  (i.  e.,  they 
are  complementary  colors). 

According  to  ITcring's  theory  of  colors,  the  cause  of  color-blindness  must  be 
conceived  to  consist  in  the  absence  of  one  or  of  both  of  the  colored  visual  sub- 
stances. In  the  latter  case,  in  which  nothing  but  the  black-white  visiial  sub- 
stance is  left,  total  color-blindness  exist^t;  all  colors  now  act  simply  by  reason  of 
their  black-white  valence,  and  hence  are  perceived  aa  white  of  different  degree« 
of  brilliancy  (i.  e..  gray).  Absence  of  the  red-green  visual  substance  causes  red- 
green  blindness,  absence  of  the  blue-yellow  substance,  blue-yellow  blindness. 
The  former  comprise«  the  great  m.tjority  of  ca.«e«,  namely,  those  which  according 
to  the  theory  of  Hclmholtz  are  called  red-blind  and  green-blind.  A  man  with 
red -green  blindness  sees  in  the  spectrum  only  two  colors,  yellow  and  blue. 
Tliese  are  separated  by  a  gray  sjuice  <the  "  neutral"  sjiace)  which  corresfxjnds  to 
the  pure  green.  Pure  red  and  pure  green  act  upon  the  eye  affected  with  red- 
green  blindness  only  with  their  white  valences  and  hence  both  appear  gray,  on 
which  account  they  are  by  such  an  eye  confounded  with  one  another.  Mixed 
colors  undergo  an  alteration  of  their  tone,  inasmuch  aa  of  their  two  color- 
valences  but  one  comes  into  play. 

By  fur  the  most  frequent  form  of  congenital  color-blindness  is  red-blind- 
ness (according  to  Hering,  red-green  blindnes.s).  It  occurs,  as  observations  u{)un 
a  great  nunibi-r  of  men  have  shown,  in  from  three  to  four  per  cent  of  the  male 
population.  In  women  color-bliiiduess  is  much  more  rare,  perhaps  because  their 
color-sense  undergoes  a  sort  of  education  through  their  having  such  frequent 
occasion  to  be  busy  vvitli  colored  objects  (in  making  dresses,  etc.). 

Color-blindness  i-iit^ils  no  di.'iadvantage  upon  those  who  are  troubled  with  it 
beyond  rendering  them  less  fit  for  tlie  performance  of  certain  callings.  Among 
these  are  all  those  occupations  which  require  exact  discrimination  of  colors,  e.  g,, 
that  of  the  painter,  the  dyer,  etc.  Recently  particular  attention  has  been  called 
to  the  fact  that  the  railroad  and  nautical  service  also  require  an  accurate  sense 
of  color.  The  signals  used  on  railroails  or  slii])8  are  most  frequently  red  or 
green,  which  are  just  the  colors  that  are  confounded  by  most  color-blind  per- 
sons; in  thi.H  way  ncridents  might  be  caused.  For  this  reason  the  employes 
upon  railroads  and  sea-going  vessels  are  at  present  in  most  countries  tested 
with  reference  to  their  color-sense,  and  their  entry  into  the  service  is  made  coo- 
ditional  uj>on  the  proof  that  their  color-sense  is  perfect. 

The  demonstration  of  the  existence  of  color-blindness  requires  accurate  and 
cautious  testing.  Many  of  the  colnr-blind  who  are  aware  of  their  defect  try  to 
conceal  it  from  the  examiner,  especially  if  some  material  advantage  such,  as,  for 
instance,  a  business  position  depends  u]>on  the  result  of  the  testing.  Accord- 
ingly, in  the  case  of  such  persons  we  must  be  on  the  lookout  for  all  sorts  of 
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artifice«,  and  particularly  od  the  lookout  for  previous  practice  in  the  ordinarv 
methods  of  testing  the  color-sense,  Od  the  other  haixl,  jicoplc  with  a  good 
color-sense  might  be  considered  to  be  color-bliud  if  from  wuiit  of  imagina- 
linn  or  practice  they  designate  the  colors  that  are  set  before  them  by  incorrect 
names.  We  should  not,  tlw^refore,  undertake  to  test  the  color-sense  by  setting 
colored  objects  before  the  i)enson  and  askinff  him  the  name  of  the  color. 
If  we  do  so,  the  man  who  is  color-blind  will  in  many  cases  by  using  a  little 
attention  give  the  right  answer,  while,  on  the  other  hand,  «n  uneducated  man 
will  not  infreijuently  call  the  colors  wrong.  The  tejtt  is  bcttjcr  performed  by 
placing  before  the  person  under  examination  those  colors  which  according  to 
cxi)erience  color-blind  persons  readily  confound  with  cocJi  other,  und  by  then 
seeing  whether  mistakes  are  actually  committed.  For  this  jjurjsose  a  large 
uflortmcnt  of  colorecl  worsteds  are  the  best  adapted  (Seebeck,  Holmgren). 
One  of  the  worsteds  is  set  before  the  jierson  to  be  tested,  and  he  is  a.sked  to 
place  with  it  all  the  worsteds  that  look  like  it.  If,  then,  samples  of  different 
and  indeed  quite  dissimilar  colors  are  placed  together — for  instance,  gray  and 
red  with  green — theae  give  the  special  confusion-colors  of  the  person  under  ex- 
amination, and  make  it  possible  to  determine  the  kind  of  eolor-blinduess  that 
he  has.  Some  have  had  embroidery  pattt-m»  to  serve  as  test  objects  made  out 
of  those  worsteds  the  colors  of  which  are  most  frequently  confounded  (Daoe, 
Reus.s).     Colored  jmpers  or  powders  may  also  Im?  employed  instead  of  worsteds. 

The  test  most  in  use  besides  Ilolmgred's  worsted  test  is  the  pseudo-isochro- 
matic  diagrams  of  Btilting.  These  consist  of  patterns  arranged  like  a  chesa- 
board  and  composed  of  squares  of  different  colors,  which  are  disp<i8ed  so  fks  to 
form  letters  or  figures.  The  colors  of  the  sijuares  are  selected  by  the  aid  of  a 
color-blind  painter  so  as  to  correspond  to  the  confusion-colors  of  a  man  who  is 
color-blind.  To  the  latter,  then,  all  the  squares  ajqienr  of  the  same  color,  so 
that  he  can  not  recognize  the  letters  or  figures  formed  by  them. 

For  the  scientific  examination  of  the  color-blind,  tlie  spectroscofje  is  indis- 
pensable. By  its  aid  we  determine  whether  the  color-blind  man  sees  the 
spectmra  shortened  at  one  of  its  two  ends,  and  what  colors  he  cjin  clistinguish 
in  it.  Furthermore,  by  means  of  the  apparatus  we  show  him  isolated  portions 
of  the  .s|R'ftrum  and  make  him  tell,  both  by  naming  the  colors  and  by  compar- 
ing them  with  specimens  of  other  colors,  hmv  the  different  parts  of  the  spec- 
trum look  to  him.  For  a  qunnlitntive  determination  of  the  color-sense,  the 
methi>d  of  Donrlers,  Weber,  Wolffberg,  and  others  ia  adapted.  Hero  >iniall 
disks  of  colored  paper  u|>on  a  background  of  bluck  satin  serve  as  test-objeels. 
When  the  color-sense  is  normal,  disks  i>f  a  definite  size  must  be  recognized  at  a 
definite  distance,  which  to  be  sure  is  different  for  the  different  colors.  The 
weaker  the  color-sense  of  the  perstm  under  examination,  the  nearer  must  he 
get  to  bo  able  to  tell  the  color  correctly,  even  supposing  that  he  recognizes  it  nt 
all.  The  distance  at  which  the  color  begins  to  be  recognized  gives  the  intensity 
of  the  color-.sen.s«'.  for  the  color  in  question.  Instead  of  colored  paper  we  may 
use  colored  glasses  which  are  lighted  from  behind.  These  lust  test*  (lantern 
tests)  approximate  nearest  to  the  conditions  which  are  present  iu  the  railroad 
service. 

Many  other  methods  of  testing  the  color-sense  have  been  propo.sed,  all  of 
which  are  «f  use,  an  in  doubtful  oases  we  can  arrive  at  definitive  results  only  by 
means  of  numerous  corroborative  experiments.  Only  one  of  theni  need  be 
mentioned  here,  namely,  the  tJB8ue-pa]ier  test  of  Meyer.     If  a  border  of  grey 
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paper  ia  placed  upon  red  paj)er  it,  appears  to  have  the  complementary  color  of 
its  back^ound  (that  is,  grevn).  This  is  particularly  apiwrent  when  the  whole  i» 
covered  with  a  sheet  of  tissue-paper.  A  color-blind  nmn,  wlio  does  not  recog- 
nize the  color  of  the  paper  forming  the  background,  will  also  fail  to  tell  cor- 
rectly the  complcraentsry  color  of  the  border. 

It  U  impo!>sible  to  cure  congenitul  color-bltiidnesa. 

Aerptired  color-hlindneM  is  a  frequent  symptom  of  affections  of  the  light- 
perceivinj;  apparatus — that  is,  of  the  retina,  of  the  optic  oer^c,  and  even  of  the 
central  terminations  of  the  optic  tructa.  It  »ecms  in  fact  that  there  is  a  special 
center  for  the  Color-sense  in  the  occipital  cortex,  after  the  destruction  of  which 
the  perception  of  colors  is  lost,  while  the  power  of  differentiating  forms — the 
space-sense — remains  intart.  Affectiona  of  the  optic  nerve,  particularly  ita 
atrophy,  are,  however,  hy  far  the  most  fre<iueüt  cause  of  disturbances  of  the 
color-sense.  Such  disturbances  are  never  absent  when  once  the  visual  acuity  haa 
become  considerably  reduced  as  a  cotistHjuence  of  the  affection  of  the  optic 
nerve.  In  these  cases  the  color-blindness  does  not  set  in  suddenly,  nor  for  all 
the  colors  at  once;  but  first  and  very  gradually  the  percciition  of  green  and  red 
is  extinguished,  then  that  of  yellow,  and  lust  of  all  that  of  blue.  AcquircKl 
color-blindness  nuiy  therefore  be  utilized  for  purposes  of  diagnosis.  If  the 
sight  is  impaired  simply  by  dioptric  obstacles  (e.  g.,  by  opacities  in  the  comeji 
and  in  the  lens),  the  perception  of  color  remains  intact,  even  when  the  general 
features  of  objects  can  no  longer  be  recognized ;  but  as  soon  as  the  color-sense 
proves  to  be  defective,  an  affection  of  the  light-[>erceiving  apparatus  must  be 
assumed  to  exist.  (For  the  color-sense  in  the  periphery  of  the  visual  field, 
cf.  page  27  and  Fig.  14.) 


CHAPTER  XII. 

DISEASES  OF  THE  LIDS. 

Alf  ATOMY   AKD   PlITSIOLOOY. 

106.  The  lifip  (palpcbnp*)  are,  according  to  emVirvologj',  folds  of 
the  exteroal  skin,  which  push  their  way  over  the  eyeball  to  cover  and 
protect  it.  The  boundaries  of  the  upper  lid  are  formed  by  the  eyebrow 
(superciliiim),  bnt  the  lower  lid  passes  without  any  sharp  line  of  di- 
vision into  the  cheek.  The  lids  bound  the  palpebral  fissure,  at  the  two 
extremities  of  which  (the  angles  of  the  eye)  they  unite.  The  external 
angle  of  the  eye  (canthus  externus)  runs  out  to  a  sharp  point;  when 
the  lids  are  drawn  apart  there  is  put  upon  the  stretch  a  delicate  redu- 
plication of  skin  (the  external  commissure),  connecting  the  upper  and 
lower  lids  in  thin  situation.  The  inner  angle  of  the  eye,  on  tJie  con- 
trary, present«  a  horseshoc-shaped  notch,  at  the  bottom  of  which  lies 
the  caruncle  (Fig.  24,  C).  The  mean  width  of  aperture  of  the  palpe- 
bral hssure  variea  with  the  individual.  On  an  average,  the  fissure 
opens  so  far  that»  with  the  ordinary  way  of  looking,  the  upper  lid  covers 
the  uppermost  part  of  tlie  cornea,  while  the  lower  lid  leaves  the  lower 
margin  of  the  coi'nea  free.  T^i--  shajie  and  width  of  the  palpebral  fis- 
sure are  of  the  greatest  influence  upon  the  expression  of  the  eye.  Eyes 
which  have  the  reputation  of  being  largo  and  beautiful  are  generally  not 
really  large  eyeballs,  but  eyes  with  a  wide-open  palpebral  fissnre.  So, 
too,  the  expression  of  the  laity  that  "  tlie  eye  is  smaller "  usually  has 
reference  not  to  an  actual  diminution  in  tlie  size  of  the  eyeball,  but  to 
the  slighter  degree  of  opening  of  the  palpebral  fiaanre. 

The  skin  covering  the  lids  is  about  the  thinnest  in  the  human  body. 
As,  moreover,  it  is  but  very  loosily  attached  to  its  bed  through  the 
medium  of  a  lax  and  non- fatty  connective  tissue,  it  can  very  reailily  be 
made  to  shift  its  position.  For  the  same  reason  it  can  readily  fold  up 
and  stretch  out  again,  as  tlie  lids  open  and  shut.  In  old  people  it  is 
thrown  into  numerous  wrinkles.  Because  of  the  ease  with  which  it  is 
displaced,  it  is  reatlily  distorted  by  cicatrices  in  its  vicinity,  so  that 
ectropion  cicatriciale  is  produced.  So,  too,  on  account  of  the  laxity  of 
its  attachment,  it  is  very  prone  to  be  affected  by  extensive  eochymoses 


•  Prom  palpare,  to  stroke. 


460 


DISEASES  OP  THE  EYE. 


and  cadema.  It  is  only  in  the  neighborhood  of  the  free  border  of  the 
lid  that  the  skin  ia  closely  united  to  the  subjacent  tarsus  by  rigid  con- 
neetivo  tissue.  This  free  border  of  the  lid  forms  a  narrow  surface 
wliioh  looks  downward  in  the  upper  lid,  upward  in  the  lower  lid  (r,  r. 
Fig.  19).  When  the  lids  are  closed,  these  two  surfaces  are  adjusted  to 
each  other  with  perfect  aouracy,  so  that,  with  the  assistance  afforded 
by  tJieir  lubrication  with  the  secretion  of  the  Meibomian  glands,  they 
are  able  to  keep  the  lachrymal  fluid  in.  When  we  open  the  lids  forcibly 
in  people  affected  with  lachrymation  and  blepharospasm,  we  not  infre- 
quently see  spurt  from  the  eye  a  stream  of  t^ars  which  had  been  kt-pt 
in  by  the  closed  lids — a  proof  that  the  closure  of  the  lids  is  water-tight. 

The  Hues  along  which  the  surfaces  of  the  free  border  of  the  lids  is 
reflected  onto  the  anterior  and  the  )>osterior  surface,  respectively,  of  t}ie 
lid  are  called  the  anterior  and  posterior  margins  of  the  liils  (Fig.  92,  v 
and  A) ;  the  narrow  surface  lying  between  them  is  the  intermarginal 
strip.  The  antericr  margin  of  the  lid  is  rounded  off,  and  has  jutting 
from  it  the  eyelashes  (cilia),  which  are  arranged  in  several  rows  one  be- 
hind the  other.  The  cilia  upon  the  upper  lid  are  larger  and  more 
numerous  than  upon  the  lower.  The  posterior  margin  of  the  lid, 
where  the  free  border  of  the  lid  passes  into  the  conjunctival  surface  of 
the  latter,  is  Bhar[).  Directly  in  front  of  it  lies  a  single  row  of  small 
puncta,  the  orifices  of  the  Meibomian  glands  (w,  Figs.  92  and  93). 
Between  these  and  the  cilia  runs  a  tine  gray  line  whii-h  divides  the  in- 
termargiiial  strip  into  two  parts  {/,  Fig.  9Ij).  The  description  here 
given  of  the  structure  of  the  lid  answem  for  its  whole  extent  as  far  in- 
ward as  the  spot  where  the  punctum  lacrimale  is  situated,  a  spot  the 
position  of  which  corresponds  to  the  inner  extremity  of  the  tarsus  (jo, 
Fig.  93). 

On  everting  the  lids  we  get  a  view  of  their  posterior  surface,  which 
is  covered  with  the  conjunctiva.  This  is  intimately  adherent  to  the 
tarsus,  and,  particularly  in  the  upper  lid,  allows  the  Meibomian  gland» 
situated  in  the  tarsus  to  show  through  clearly. 

The  movernenfs  of  the  lids  are  performed  in  the  following  way :  In 
openinfj  the  ei/e  the  upper  lid  is  rai.sed  by  the  levator  jialpebne  »upe- 
rioris,  while  the  lower  lid  sinks  by  its  own  weight,  ulthough  it  does  so 
but  very  little.  Simultaneously  with  the  elevation  of  the  upper  lid  tho 
skin  of  the  lid«,  along  the  line  corresponding  lo  the  upficr  border  of  tho 
tarsus  to  which  the  e>kin  is  quite  intimately  adherent,  is  dniwn  far  in 
between  the  eyehult  and  tlie  up}>er  margin  of  the  orbit.  In  this  way 
there  is  formed  a  furrow,  over  Mhich  the  lax  skin  of  the  lid  hangs  down 
under  the  form  of  a  fold  (covering-fold,  (/,  Figs.  19  and  9*2).  In  nnuiy 
cases  this  is  so  large  as  to  reacli  down  beyond  the  free  boj-derof  the  lid, 
and  thus  cause  disfigurement  (jitosis  adipossa ;  see  S  1  !•*)•  With  regard 
to  tho  eloHure  of  the  liil,  we  must  distinguish  between  moderate  closure, 
such  as  takes  place  during  the  act  of  winking  and  in  sleep,  and  the 
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process  of  screwing  the  lids  tightly  together.  In  the  former  the  up))er 
111]  sinks  by  its  own  weight,  while  the  lower  lid  is  raised,  although 
quite  impcreeptihly,  by  the  orbicularis  muscle.  Contact  of  the  free  bor- 
ders of  the  two  lids  does  not  tuko  place  throughout  their  whole  extent 
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Fto.  9!}.— Pbrpbwoici'Laii  fiscnoN  thkotob  th«  Upper  Lid.  Maowtptbd  5äI. 
The  skin  of  the  llil  tirx'St-nt»  iu  tlie  upper  part,  above  a  giilous.  the  coviTinp  fi'li],  rf  :  belOW,  It 
c<>¥«?ni  tbf  nnterK>r  •■«Ik>.'  of  the  Ikl.  r  In  the  skii»  art-  fmiiid  tine  hairs,  «,  V,  Kweal-Kl<u>ds.  Oi 
cilia,  r,  r,  c.  and  in  the  nfii;hlHirhi>oil  of  the  liittcr  /eiwi's  glumlH,  t.  ami  the  iiiiHlilltMl  Bweat- 
Klandi),  l.  Boaeuth  the  nkiu  lie  the  Iransverst'ly  <liviiieil  ))iin(lles  i>f  llherH  of  the  ()r>>ieularia, 
o,  u,  of  which  tht«e  plnoetl  numt  iutenially,  i-,  r.  rirriii  the  uiuRCutus  ciliarLs  Kii>lnni.  The 
piiBtfrivir  Mirfrtee  of  the  lid  is  cuvered  hy'conjiinellva  which  at  the  fol«!  •>{  Irnnsltion,  b, 
ahows  an  adenoiil  ehiinu>ter,  but  over  the  tarsus,  /.  »ho»«  |iapillA>,  e«p<-fiaJlv  wlien'  it  cor- 
responds to  itie  convex  Imrder,  CJ,  of  the  tarsus  The  Mfltxiniian  Kl'tnd.'i.  17.  liave  their  orl- 
flivs,  m,  in  front  of  (he  [Hisierior  edije,  h.  of  the  lid  ;  nbijve  theru  lie  Walclever"«  mucous 
Rinnds,  le.  and  still  higher  Müller  ä  niuKculiis  palpehrall»  superior.  i>.  and  the  levator  palpe- 
hne  HtijHTioris.  t.  Kroni  the  latter  the  lea.<ili  of  nitrm./.  iiasse«  to  the  skin  of  the  lid.  a»  Is 
the  arciiN  tATHeus  «ui>t»rior  :  «1.  the  aroiis  tar^-uK  iulerlor  ;  fivim  the  latter  the  rand  per- 
forautetL,  rp,  ruD,  lit  nnt  straii^hl  downward,  then  t^avkward,  Uirough  the  t«niua. 

at  once,  but  beging  at  the  external  canthus  and  keeps  on  taking  jilace 
progressively  toward  the  internal  canthua.  Because  of  this  fact,  the 
lachrymal  fluid  which  the  lida  may  be  said  to  remove  from  the  surface 
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of  the  eyeball  is  propelk'il  along  in  the  palpebral  fissure,  as  it  closes, 
toward  the  inner  canthus,  and  thus  arrives  at  the  punctum  lucrirnale. 
When  the  lids  become  closed  in  sleep  the  eyeball  also  performs  a  move- 
ment, rolling  upward.  Any  one,  when  he  is  fighting  against  sleep  and 
hiß  lids  are  shutting  together,  can  feel  that  the  eyes  are  being  drawn 
up  as  by  an  invisible  force.  In  persons  with  thin  lids  (women  and 
children)  we  can  recognize  the  convex  cornea  through  the  upjxjr  lid, 
and  determine  that  it  is  directed  upward  beneath  the  closed  lida. 
It  is  still  easier  to  do  this  in  cases  of  staphyloma  of  the  cornea.  This 
behavior  un  the  part  of  the  eyeball  is  important,  inasmuch  as  the  pro- 
tection of  the  cornea  by  the  upper  lid  is  thus  provided  for,  even  when 
the  palpebral  fissure  is  not  completely  closed  iu  sleep.  It  is  not  till 
lagophtbalmus  reiK^hes  quite  a  high  degree  that  a  portion  of  the  cornea 
remains  constantly  visible  in  tlie  palpebral  fissure;  and  this  portion 
is,  in  fact,  always  the  lowest  part  of  the  cornea,  which  consequently 
is  moat  exposed  to  the  danger  of  undergoing  desiccation  (keratitis  e 
lagophthalmo;  see  page  löl). 

The  act  of  screwing  up  the  eyes  consists  in  this,  that  not  only  are 
the  lids  closed,  but  also  the  skin  in  the  vicinity  is  drawn  in  toward  the 
palpebral  fissure,  ami  is  thus  thrown  into  numerous  folds. 

Winkintf  can  be  performed  voluntarily,  but  usually  results  through 
reflex  action,  which  is  excited  by  the  sense  of  dryness  in  the  eye  or  by 
the  presence  of  foreign  bodies — dust,  smoke,  etc.  It  is  pro<hiced  by 
means  of  the  trigeminus,  which  ia  the  sensory  nerve  of  the  eye  and  its 
vicinity,  and  is  hence  rightly  called  the  sentinel  of  the  eye.  The  effect 
of  winking  is  threefold :  It  covers  the  surface  of  the  eyeball  with  a  uni- 
form layer  of  lachrymal  fluitl,  and  hence  prevents  its  desiccation;  it 
carries  the  dust  away  from  the  eye  ;  and,  lastly,  it  propels  the  lachrymal 
fluid  toward  the  inner  angles  and  into  the  puncta.  Hence,  interference 
with  winking  entails  serious  disturbance.  Epiphora  develops,  since  the 
tears,  instead  of  entering  the  puncta,  run  over  the  border  of  the  lower 
lid  and  down  upon  the  cheek,  and  the  cornea  becomes  diseased  because 
it  is  neither  properly  moistened  nor  cleansed  from  the  dust  which  falls 
upon  it. 

Dissection  of  the  lids  presents  the  following  structural  conditions : 
In  the  lids  are  found  two  voluntary  muscles,  the  orbicularis  (sive 
sphincter  palpebrarum)  and  the  levator  palpebrte  eupcrioris.  The  orbic- 
ularis  lies  directly  beneath  the  skin  of  the  lid  to  which  it  belongs ;  it 
is  nothing  but  a  flat  expanded  cutaneous  muscle  which  surrounds  the 
palpebral  fissure  in  the  form  of  a  circle.  We  can  distinguish  it  in  two 
portions,  an  internal  and  an  external.  The  internal  portion  lies  in  the 
lids  themselves,  and  is  thence  called  the  palpebral  portion  (portio  palpe- 
bralis).  Its  libers  (//,  Fig.  93)  originate  from  the  internal  palpebnd 
ligament,  the  lifjtnnentum  cnnthi  infernutn.  This  is  a  firm,  fibroui 
ligament  {I)  which  is  attached  to  the  frontal  process  of  the  superior^ 
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maxilla  (F),  and  lies  directly  beneath  the  skin  of  the  internal  angle  of 
the  eye.  Hence,  it  is  visible  even  in  the  living,  especially  iu  lean  per- 
sons with  thin  skins,  when  the  eyoUds  are  ilniwn  outward,  as  a  conse- 
quence of  which  the  internal  palpebral  ligament  projects  and  bulges 
the  skin  forward.  From  the  internal  palpebral  ligament  the  fibers  of 
the  palpebral  portion  run  iti  arches  over  the  anterior  surface  of  the 
two  lids,  covering  them  from  the  free  border  of  the  lids  to  the  margin 
of  the  orbit,  and  finally  meeting  at  the  outer  side  of  the  palpebral  tis- 
suro.  Hera  they  partly  unite  with  each  other  and  partly  are  inserted 
into  the  external  palpebral  ligament  (the  ligavientum  canthi  externum ; 
le.  Fig.  93),  which  is  here  situated.  The  external  portion  of  the  orbic- 
ularis ia  the  orbital  portion  (portin  orbitalis).  It  lies  outside  of  the 
palpebral  portion,  u|)on  ami  in  the  vicinity  of  the  margin  of  the  orbit. 

The  palpebral  portion  moves  only  the  lids  themselves,  and  is  the 
only  part  that  comes  into  play  in  the  ordinary  «ct  of  winking  as  well 
aa  in  the  moderate  closure  of  the  palpebral  fissure.  The  orbital  portion 
contracts  the  skin  in  the  vicinity  of  the  lids,  and  thus  makes  it  possible 
to  squeeze  or  screw  the  lids  firmly  together,  in  which  act,  therefore,  the 
entire  orbicularis  participates. 

The  levator  pnlpebrcB  superioris  arises  at  the  bottom  of  the  orbit 
from  the  circumference  of  the  optic  canal,  and  from  this  point  runs 
forward,  lying  as  it  does  so  upon  the  superior  rectus.  Spreading  out 
in  the  form  of  a  fan,  it  is  attached  by  means  of  a  short  tendon  to  the 
upper  margin  and  the  anterior  surface  of  the  tarsus  of  the  upper  lid 
{/,  Fig.  1)2).  Besides  this  striated  levator  muscle  of  the  lid,  there  ia 
also  an  organic  muscle  discovered  by  Heinrich  Müller,  and  called  the 
mnsculus palpfliralin  superior.  The  smooth  fibers  of  this  arise  from 
between  the  striated  fibers  of  the  levator,  along  the  under  surface  of 
which  they  too  run  to  the  upjjer  margin  of  the  tarsu.s  {p.  Fig.  92).  An 
analogous  bundle  of  smooth  muscular  fibers  also  exists  iu  the  lower  lid, 
where  it  lies  to  the  lower  side  of  the  inferior  rectus,  and  is  attached  to 
the  tarsus  of  the  lower  lid  {muscuUis  palpebralis  inferior  of  Müller). 

The  orbicularis  ia  innervated  by  the  facial  nerve,  the  levator  by  the 
oculo-motor  nerve,  and  the  two  palpebral  muscles  of  Müller  by  the 
sympathetic. 

At  the  free  border  of  the  lids  there  are  found,  at  a  spot  correspond- 
ing to  the  cilia,  hair- follicles  and  the  sebaceous  glands  (here  called 
Zeiss's  glands;  ?,  Fig.  92)  connected  with  them.  Moreover,  close  to  the 
margin  of  the  free  border  of  the  lids,  sweat-glands  occur,  the  structure 
of  which  vary  somewhat  from  that  of  the  ordinary  sweat-glands,  for 
which  reason  they  are  designated  under  the  name  of  modified  sweat- 
glands  or  Moll's  glands  («,  Fig.  92).  They  empty  into  the  glands  of  the 
ciliary  hair-folliclefl. 

The  tarsus  {t.  Fig.  92)  forms,  so  to  speak,  the  skeleton  of  the  lid, 
giving  it  rigidity  of  form  atid  affording  it  firm  support.     The  tarsus  of 
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the  upper  lid  is  broailer  (higher)  tliun  that  of  the  lower.  In  the  tarsus 
arc  distinguished  a  fruo  and  an  attached  (convex)  border,  and  also  an 
anterior  and  a  posterior  surface.  The  fibers  of  the  orbicularis  (o,  Fig.  92) 
lie  upon  the  anterior  surface,  while  the  posterior  surface  is  covered  by 
the  conjunctiva.  The  two  e-xtrenuties  of  the  tarsus  are  continuous  with 
the  external  and  internal  palpebral  ligaments.  To  the  convex  border 
of  the  tarsus  is  attached  a  fascia  which  runs  from  it  to  the  margin  of 
the  orbit,  and  upon  either  side  is  connected  with  the  palpebral  liga- 
ments (fascia  tarso-orbi talis).  Hence,  when  the  lids  are  shut  the  orbit 
is  closed  in  all  over  anteriorly  by  fibrous  structtires  which  tugether  form 
the  orbital  septum,  namely,  the  two  tarsi  in  conjunction  with  the  fascia 
tarso-orbi  talis  and  the  two  palpebral  ligaments. 

The  tarsiis  consists  of  fibro-cartilage,  in  which  are  imbedded  the 
Meibomian  (/lands  {(/,  Fig.  92).  These  are  elongated  acinous  glands, 
which,  lying  parallel  with  each  other,  triT verse  the  tarsus  from  its  at- 
tached to  its  free  border.  They  are  longest  in  the  middle  of  the  tarsus, 
where  the  latter  attains  its  greatest  height,  and  grow  progressively 
sliorter  toward  the  edges  of  the  tarsus.  In  their  essential  character  the 
Meibomian  glands  arc  nothing  but  l&rgo  sebaceous  glands.  Like  the 
latter  they  secrete  sebiun,  which  lubricates  the  edges  of  the  lids.  By 
this  the  overflow  of  tears  over  the  free  border  of  the  lids  is  hindered; 
the  closure  of  the  paljK'bral  fissure  is  rendered  water-tight ;  and,  last!}', 
the  skin  of  the  border  of  the  lid  is  protected  from  maceration  by  the 
tears.  Acinous  mucous  glands  are  frequently  found  near  the  convex 
border  of  the  tarsus  (Waldeyer,  it,  Fig.  92). 

In  accordance  with  its  anatomical  structure,  the  lid  can  be  readily 
divided  into  two  parts.  Tlie  anterior  or  cutaneous  portion  contains 
the  skin,  together  with  tlic  cilia  and  also  the  fibers  of  the  orbiculuris. 
The  posterior  or  conjunctival  portion  consisls  of  the  tarsns  with  the 
Meibomian  glands  and  of  the  conjunctiva.  The  two  portions  are  joined 
together  simply  by  loose  connective  tissue,  and  can  therefore  be  very 
readily  separated  from  each  other.  For  this  purpose  we  only  need  to 
make  a  puncture  in  the  gray  line  which  runs  between  the  cilia  on  the 
one  hand  and  the  orifices  of  the  Meibomian  glands  on  the  other.    The 


ExPCAMATioN  or  Fio.  98.— Tlip  noital  wall  of  the  orbit  is  fom«^  by  the  lAmlna  paprrac«?» 
(oa  planum  I  of  the  otliraoül,  /.,  the  lachrymal  bone,  T.  and  the  frontal  |jrocess.  F.  of  the  au- 
perior  luoxULa.  The  Inst  two  txmea  Ixiund  the  fontRa  sacci  lacrtiiisUs.  in  whicli  lit«  Ibe  Im-hrj-- 
nial  »ac,  S.  The  bony  wall«  of  the  orbit  are  ci\atcd  by  a  periorbita  (perioeteum),  P.  from  wiiioh 
the  palpebral  li^anM-utH  taki'  their  oriKio.  Tlic  iiittriial  pn.li<'bral  ligiuiipnt, /,  rflvldt-s  into  an 
anterior  limb,  <i,  auU  a  ixxitirior  limb,  h.  which  together  Inclosf  the  lachrymal  mc.  From  the 
posterior  limb  arise  the  fiber«  of  Horner's  nmscle.  H.  U,  external  fwilfwbral  lii;anu-ot  ;  fi  und 
/e.  the  slips  of  fajicia.  Illcewiiie  ori^^natinR-  from  the  perltwtcum.  roIih;  to  the  internal  rwlus 
tnuBole.  /.  and  the  external  rectua,  E.  The  8kin,  JV,  or  the  dorsum  of  the  nose  pas«<-!i  into  the 
lower  lid.  at  whoae  fn»  border  are  seen  the  cilia  and  the  orlfloe«  of  the  Moibotnian  jtlanris,  m  ; 
between  the  two  extends  a  gray  Hue,  i.  At  th«  Inner  extremity  of  the  lid  lies  the  Inferior 
punetiim  laerimale,  p.  and  farther  alonf;  In  the  conjunctival  »ni-  the  caruncle,  c.  aud  the  plica 
semilunaris,  n.  From  the  eyeliall,  the  lower  half  of  which  is  exhlliited,  tlie  letm  and  iilon<:  with 
it  the  rilre^tii!«  humor  have  Ix'en  tnWen  ont.  ond  the  pifrment-epitlielium  ha«  been  removed  by 
|>encilinif.  The  anterior  charalx-r,  *,-,  the  iri«,  ii ,  aud  the  ciliary  b«nly,  cunsi«(iti£  of  the  corona 
cillnris,  <-,,  ond  the  orhiciihix  cihiirl«,  or,  are  visible.  Bark  of  the  ora  HMTSta,  o,  ia  the  ehorloM 
with  It»  vein»  which  are  a^frreifatod  into  vortices,  v.  /,  fovea  centralist  retltue  ;  tu,  central  ves- 
•ela  of  the  optic  uerte,  O,  entering  it  at  e. 
80 
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division  of  the  lid  into  its  two  layers  forma  an  important  part  of  many 
operations  for  trichiasis. 

The  Ugamentum  eanthi  internum  requirefl  a  more  precise  description  thnn 
that  given  al)ovc.  It  arises  fmm  tho  frontal  process  of  the  superior  maxilla  {F, 
Fig.  03)  and  first  ikibsos  struight  outward,  skirting  the  anterior  wall  of  the 
lachrjnrial  fiac  {S).  Then  it  bend:»  hnck,  winding  about  the  anterior  and  exter- 
nal vrulld  of  the  lachrynul  sac^  and  runs  backward  to  the  crista  lacrirunlis 
posterior  of  the  lachrymal  bone  {T).  Wc  accordingly  distinguish  in  tho  inter- 
nal palpebral  ligament  two  branches,  wläch  meet  at  the  point  where  it  b«nds 
backward.  IHie  anterior  branch  («)  is  situated  directly  beneath  the  skin,  and 
hence  is  visible  in  the  living  subject ;  the  posterior  branch  {h),  which  starts  from 
iho  {toint  of  reflection  and  extends  to  the  crista  lacrimalis,  can  be  brought  to 
view  only  by  dis'^ection.  The  two  braiichtJS  together  with  the  lachrymal  bone 
(7*)  bound  a  space,  triangular  on  cross-section,  in  which  lies  the  lachrjTnal  sac, 
the  walla  of  the  latter  being  united  by  loose  connective  tissue  with  the  inner 
Rurfacc  of  the  ligament,  Into  the  external  surface  of  the  ligament  are  inserted 
tho  fibers  of  the  palpebral  portion  of  the  orbicularis.  One  jiortion  of  the  fibers 
of  the  latter  springs  from  the  anterior,  another  jxirtion  from  the  posterior  branch 
of  tiie  ligament.  The  latter  fibers,  whose  insertion  is  in  part  continued  out  be- 
yond the  po.storior  extremity  of  the  ligament  upon  the  inner  wall  of  the  orbit, 
aro  called  Ilorner'a  miitcU*  {11),  after  their  diacoverer.  The  insertion  of  the 
fit)cr8  of  the  orbjcularis  into  the  internal  palpebral  ligiimcnt  Is  of  signifionnce  for 
the  conduction  of  tears.  When  these  fibers  contract,  they  draw  up  the  liga- 
ment, and  hence  also  draw  »ip  indirectly  the  wall  of  the  lachrymal  sac  which 
the  ligament  incloses.  By  means  of  this  the  sac  is  dilated,  and  is  thus  enabled 
to  draw  the  tears  toward  it  by  a  sort,  of  suction-process.  This,  then,  is  a  fac- 
tor which  wc  must  take  into  account  in  considering  the  part  w^hich  the  closure 
of  the  lids  plays  in  the  conduction  of  the  tears. 

The  liyammtitm  Mttlhi  ejfternnm  (e).  Fig.  93)  is  neither  as  large  nor  as 
sharply  defined  oa  the  ligamcntum  intcnmm.  It  is  reprc*.«cnted  simply  by  a 
rather  pronounced  accumulation  of  connective  tissue  in  the  substanc«  of  the 
orbicularis,  a  sort  of  inücriptio  tcndinea  of  the  latter. 

Tlie  fibers  of  the  orbicularis  fuse  with  the  anterior  surface  of  the  tan>U5.  In 
the  neighborhood  of  the  free  Imrdcrs  of  the  lid  there  arc  some  bundles  which 
Ho  near  the  inner  margin  of  the  lid,  partly  in  front  or  partly  behind  the  excre- 
tory ducts  of  the  Meibomian  glands  (jmtuailiu  eHiaris  Riolani  sive  tubtamlif  ; 
r,  n  Fig.  02). 

Tlie  Uood-ceaadt  of  the  upper  lid  arise  from  two  arterial  arches,  the  arcua 
tarscus  su|M;rior  and  inferior  (a»  and  ai,  Fig.  92),  which  run  along  the  up|)er 
and  lower  margins  of  the  tarsus.  From  them  tine  twigs  are  given  off  to  all 
pirts  of  the  lid.  The  most  vascular  portiona  aro  the  free  border  of  tho  lid  and 
the  conjunctiva  (cf.  page  32). 

The  veins  of  the  lids  are  «till  more  numerous  and  of  wider  caliber  than  th« 
arteries.  They  form,  lM?neath  the  upper  and  lower  fold«  of  transition,  a  thick 
plexus,  which  even  in  the  living  subject  can  be  reen  in  this  sifuntion  «hining 
through  the  conjunctiva  of  the  fornix  when  the  lid  is  everted.  The  veins 
of  the  lids  in  part  empty  into  tho  veins  of  the  forehead,  in  part  into  tlte 
branches  supplying  the  ophthalmic  vein.     The  latter  set,  in  order  to  reach  to 

•  [The  tensor  tarsi  of  many  anatomists. — D.] 
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the  veins  of  the  orbit,  must  pass  between  the  fibers  of  the  orhiculam.  Hence, 
permanent  contraction  of  the  orbicularis,  such  as  occurs  in  blcitbiirospasm,  may 
lead  to  cngorgt'ment  of  tlic  veins,  iind  consequently  to  trdcinii  of  the  lids,  a  re- 
sult which,  in  fuct,  we  very  frequently  obscrve,  especially  in  children  with 
conjunctivitis  lympbatica  and  coincident  bieptiarosptism. 

The  lymphatic  tcxnel»  of  the  lids  arc  abundant,  especially  in  the  conjunctiva. 
Furthermore,  lymj)h-spaces  of  larger  size  (periacinous  siMiccs)  arc  found  about 
the  acini  of  the  Mei>>umian  glands.  Tbc  lymphatic  vessels  of  the  lida  run  to  the 
lymphatic  glund  situated  in  front  of  the  ear,  which,  consequently,  is  not  infre- 
quently found  to  be  swolkn  in  affections  of  the  conjunctiva  dmrlicularly  in 
conjunctivitis  lymphatica  and  acute  blennorrhcra). 

That  part  of  the  cornea  and  of  the  scleral  conjunctiva  which  ordinarily  i£ 
not  covered  by  the  lids  is  called  the  interpalpfhral  zone.  Since  in  this  situation 
the  eyeball  is  deprived  of  the  protection  of  the  lids,  it  w  particubirly  exposed 
to  many  sorts  of  disorders,  and  it  is  therefore  imi>ortant  to  know  its  situation. 
ThiA  situation  clumges  according  to  circumstauccs,  namely,  in  the  following 
|wny:  1.  In  the  ordinary  way  of  looidng  the  int^jrpulix'bral  zone  comprises 
the  entire  cornea,  with  the  exception  of  its  extreme  upi^r  part,  and  a  corre- 
Bponding  large  triangular  area  of  the  conjunctiva  on  both  sides  of  the  cornea. 
8.  When  the  eyes  arc  a  little  screwed  together— c.  g.,  when  we  arc  walking  "m 
the  face  of  the  wind  or  rain  or  in  the  midst  of  smoke— the  interpalpcbral  zone 
diminiifhes  in  size,  and  at  the  same  time  is  depressed  so  as  to  occupy  the  lower 
half  of  the  cornea.  The  lower  lid  is  raised  a  tittle  and  covers  the  extreme  lower 
part  of  the  cornea,  ami  the  upper  lid  drops  a  good  deal,  so  that  its  border  lies  only 
a  little  above  the  center  of  the  cornea.  Then  the  interpalijcbral  zone  forms  ui>on 
the  cornea  a  zone  from  four  to  six  milltmetris  in  bremltli  which  occupies 
the  lower  half  of  the  cornea,  with  the  exception  of  it«  extreme  lower  part,  and 
with  which  there  is  connected  on  either  side  a  very  smalS  triangle  of  scleral 
conjunctiva.  The  intcrp:ili>cbral  zone  as  thus  defined  is  the  part  which  more 
thnri  any  other  is  coni<tantly  exposed  to  cxtcmid  injuries.  Hence,  in  many  men 
we  find  this  portion  of  the  scleral  conjunctiva  somewhat  injected  all  the  time, 
and  later  on  in  lifo  we  find  it  occupied  by  the  pinguecula.  In  this  spot  are 
developed  ptcrj-gium,  zonular  opacity  of  the  cornea,  and  xerosis  of  the  con- 
junctiva and  cornea.  In  infianun.itions  of  tho  conjunctiva  this  division  of  tbo 
latter  is  frequently  distinguished  by  being  somewhat  more  swolleu  than  the  rest, 
or  it  may  even  protrude  into  the  paliK-bral  fissure  under  the  fonn  of  a  trans- 
versely placed,  very  (edematous  swelling.  3.  When  the  eye  is  turned  upward 
lin  sleep  the  interpaljicbral  zone  i»  displaced  upon  it,  so  as  to  occupy  mainly  tho 
scleral  conjunctiva  l>cneath  the  cornea,  and  at  most  the  extreme  lower  por- 
tion of  the  latter.  Affections  within  tho  confines  of  the  interpalpcbral  zone  as 
thus  defined  are  found  when  the  palpebral  fissure  is  kept  open  during  sleep,  and 
hence  mainly  in  lagophthalmu.s,  in  which  the  conjunctiva  beneath  the  cornea  is 
found  injected  or  oedematous,  and  in  which,  when  the  affection  is  of  greater 
extent,  the  lowermost  division  of  the  cornea  also  suffers  damage.  The  same 
turning  upward  of  the  eyeball  that  occurs  in  sleep  takes  place  also  upon  the 
approach  of  anything  endangering  the  eye,  for  which  reason  injuries  by  bums 
and  caustic  substances  affect  principally  the  extreme  lower  portion  of  the 
cornea. 
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I.  Inplammatiox  op  the  Skin  of  the  Lids. 

107.  la  the  skiu  uf  the  lids  we  find  almoät  till  those  diseases  which 
appertain  to  the  skiu  in  general.  With  regard  to  them,  therefore,  refer- 
ence must  be  made  to  the  text-books  on  skin  diseases.  In  this  place 
affections  of  the  skin  of  the  lids  will  be  considered  only  so  far  as  they 
are  of  comparatively  frequent  occurrence  in  the  lidB,  or  when,  in  conse- 
quence of  the  peculiar  anatomical  structure  of  the  latter,  they  present 
some  special  features  in  their  course  and  their  results. 


/.  Exanthemata. 

Among  the  acute  exanthemata  erysipelas  must  be  mentioned  first. 
If  this  attacks  the  skin  of  the  face,  the  lids  participate  very  markedly 
in  the  inflammation,  so  that  they  are  very  greatly  swollen,  and  the  pa- 
tient for  several  days  together  can  not  open  his  eyes.  Not  infrequently 
the  erysipelatous  process  penetrates  under  the  guise  of  a  phlegmonous 
inflammation  into  the  deeper  parts,  so  that  abscesses  are  produced  in 
the  lids  or  even  in  the  orbit  itself.  In  the  latter  case,  implication  of 
the  optic  nerve  may  occur,  and,  by  transmission  of  the  suppuration  to 
the  cranial  cavity,  meningitis  may  take  place  and  load  to  a  fatjil  issue. 

Herpes  zoster  is  an  affection  of  the  skin  which  consists  in  the  forma- 
tion of  vesicles  along  the  terminal  expansions  of  a  nerve.  Among  Üie 
cerebral  nerves  the  trigeminus  is  the  one  in  whose  area  of  distribution 
this  affection  occurs.  The  eflflorescences  are  tlieu  found  in  the  vicinity 
of  the  eye,  for  which  reason  herpes  of  the  trigeminus  is  known  as  her- 
pes zoster  ophthalmicus  or  zona  ophthalmica. 

Violent  neuralgic  pains  in  the  course  of  the  trigeminus  usually  pre- 
cede for  some  days  the  outbreak  of  herpes.  Then  the  exanthem  makes 
its  appearance,  with  accompanying  febrile  symptoms — vesicles,  which 
for  the  most  part  arc  arranged  in  groups,  starting  up  upon  the  reddened 
skin.  The  vesicles  most  frequently  occupy  the  region  of  distribution 
of  the  first  branch  of  the  nerve,  so  that  they  are  found  upon  the  upper 
lid,  upon  the  forehead  as  far  as  tlie  scalp,  and  also  upon  the  nose. 
When  the  district  supplied  by  the  second  branch  of  the  trigeminus  is 
afl!cctod,  the  vesicles  are  situated  upon  the  lower  lid,  over  the  superior 
maxillary  region  as  far  down  as  the  upper  lip,  and  over  the  region  of 
the  malar  bone.  Sometimes  the  terminal  exiiansions  of  both  brandies 
are  affected  simultaneously,  while  it  is  extremely  rare  for  the  region  of 
the  third  branch  to  be  involved. 

At  first  the  vesicles  contain  a  limpid  fluid,  which  soon  becomes 
cloudy  and  purulent,  and  finally  dries  up  into  a  crust.  If  this  is  re- 
moved, an  ulcer  is  found  beneath  it,  a  proof  that  the  suppuration  has 
penetrated  into  the  coriura.  After  the  ulcer  heals,  cicatrices  remain 
which  are  visible  during  the  whole  life,  and  by  their  characteristic 
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arrangement  render  it  possible  to  Uiagnosticato  the  prerioua  existence 
of  a  herpes  zoster  even  yeara  uftervTurd.  By  this  formation  of  cica- 
trices the  vesicles  of  herpes  zoster  are  distinguished  from  those  of  her- 
pes febrilis,  in  which  the  epidermis  alone  is  detached  by  the  fluid,  so 
that  they  heal  without  leaving  any  trace  of  their  existence  behind  (see 
page  Hlfi). 

The  affection  of  the  skin  is  very  frequently  complicated  with  an 
analogous  affection  of  the  cornea,  tipoii  which  small  vesicles  likewise 
form.  By  the  presence  of  such  a  complication  tiie  prognosis  of  herpes 
zoster  is  rendered  esseutially  worse ;  for,  while  in  uncomplicated  cases 
tiio  disease  entails  no  bad  consequences  further  than  the  small  cicatrices 
upon  the  skin,  it  not  only  lasts  much  longer  when  the  cornea  is  impli- 
cated, but  also  often  leaves  behind  permanent  corneal  opacities. 

An  i n (him matory  affection  of  the  trigeminus,  which  is  located  either 
in  the  trunk  of  the  nerve  itself  or  in  the  Gasserian  or  ciliary  ganglion, 
lies  at  the  bottom  of  herpes  zoster  ophthalmicus.  By  what  means  the 
inflammation  of  these  structures  is  produced  remains  in  most  cases 
unknown. 

The  treatment  of  hei'pea  zoster  is  purely  symptomatic.  We  avoid 
opening  the  vesicles,  as  by  doing  so  the  raw  surface  of  the  skin  would 
be  exposed  and  pain  would  l>e  excited.  To  prevent  this  we  sprinkle 
the  affected  spots  with  dusting  powder  (rice-starch)  which  causes  the 
vesicles  to  dry  up  into  crusts,  beneath  which  the  nlcers  can  heal  undis- 
turbed. The  affection  of  the  cornea  is  to  be  treated  according  to  the 
ordinary  rules.  For  the  affection  of  the  nerve  itself  the  internal  admin- 
istration of  salicylic  acid  is  said  to  be  of  service  (Leber). 

Among  the  chr07nc  exanthemata  affecting  the  lids,  eczema  is  the 
most  frequent  It  is  found  partietdarly  under  the  form  of  moist  eczema 
in  children,  when  it  is  given  the  name  of  crusta  lactca  (milk-crust,  tet- 
ter), lu  children  it  forms  the  most  frequent  concomitant  of  conjunc- 
tivitis lymphutica.  The  connection  between  the  eczema  and  the  con- 
junctivitis is  either  that  the  two  owe  their  origin  to  the  same  disease, 
scrofula,  or  that  the  eczema  is  the  result  of  the  conjunctival  affection; 
for,  as  the  latter  is  associated  with  profuse  lachrymation,  the  lids  are 
kept  constantly  moist  with  the  overflowing  tears,  and  thus  become  ec- 
zematous.  Moreover,  children  have  the  habit  of  rubbing  the  eyes  with 
the  hands,  and  by  means  of  this  the  whole  vicinity  of  the  eye  is  made 
wet  with  the  lachrymal  fluiil.  A  similar  eczema  dno  to  a  permanent 
wetting  of  the  skin  also  occurs  frequently  in  adults  when  they  suffer 
from  epiphora  in  consequence  of  catarrh,  bk'nnorrhc»a  of  the  lachrymal 
sac,  or  ectropion  ;  the  eczema  is  then  lycalizcd  upon  the  lower  lid. 

Eczema  requires  treatment,  both  upon  its  own  account  and  also  be- 
cause of  any  conjunctivitis  lymphutica  that  may  chance  to  be  present. 
The  progress  of  the  latter  to  a  cure  is  distinctly  more  rapid  if  the  ecze- 
ma is  at  the  same  time  done  away  with ;  contrary  to  the  jiopular  belief, 
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which  is  prone  to  assume  the  opposite.  (We  often  hear  the  complaint 
made  that  "  the  eruption  which  the  physician  has  driven  from  the  skin 
has  struck  into  the  eye.")  Treatment  is  usually  carried  on  by  means 
of  ointments,  of  which  Ilcbra's  diachylon-ointment,  or  ointments  of 
oxide  of  zinc  or  of  white  precipitate  (one  to  two  per  cent),  are  the  ones 
generally  selectetl.  The  ointments  are  spread  thickly  upon  a  pledget 
of  linen,  which  is  laid  upon  the  closed  lids  and  retained  in  jduce  hv  a 
bandage.  In  extensive  eczema  the  entire  face  may  be  covered  with  a 
linen  mask  smeared  with  ointment  on  the  inside.  Another  efficient 
method  of  treatment  consists  in  the  application  of  a  five  to  ten  per  cent 
solution  of  nitrate  of  silver  (see  page  91). 

At  the  border  of  the  lids  eczema,  being  modified  by  the  peculiar  ana- 
tomical structure  of  this  region,  appears  under  a  special  form,  and  will 
receive  a  separate  descriptiuii  later  on  as  blepharitis  ciliaris. 

2.  Phlegmonous  Inßnmmations  of  the  Lids. 

Under  this  head  belong :  1.  Abscesses  of  the  lids.  These  originate 
most  frequently  after  injuries.  In  other  cases  the  aJection  start« 
from  the  bones;  periostitis  and  caries  of  the  margin  of  the  orbit  lying 
at  the  root  of  it.  This  is  especially  apt  to  be  the  case  in  scrofu- 
lous children,  in  whom,  moreover,  the  carious  disease  of  the  margin  of 
the  orbit  is  frequently  referable  to  injury.  Lastly,  erysiiwlaa  not  infre- 
quently gives  rise  to  abscesses  of  the  lids  if  the  inflammation  penetrates 
from  the  skin  into  the  deeper  parts.  2.  Furuncles  and  carbuncles, 
which,  however,  are  of  comparatively  infrequent  occurrence  in  the  lids. 
3.  Anthra.z ]}i/s(ulc  (malignant  pustule).  This  arises  through  a  transfer, 
by  a  process  of  inoculation,  of  the  poison  of  anthrax  (the  Bacillus  au- 
thraeis)  from  animals  affected  with  anthrax  to  man.  It  is  hence  most 
frequently  found  in  those  persons  who  have  to  do  with  animals  or  the 
products  obtained  from  them,  e.  g.,  in  hostlers,  shepherds,  grazier», 
butchers,  tanners,  and  furriers.  In  the  Vienna  clinics  most  of  these 
patients  como  from  Hungary.     The  disease  often  terminates  fatally. 

The  symptoms  of  the  phlegmonous  processes  in  the  lids  are  marked 
inflammatory  it'doma  and  indurated  infiltration  in  the  skin  of  the  ltd 
or  beneath  it.  With  this  are  associated  swelling  of  the  lymphatic 
glands  in  front  of  the  ear  and  near  the  lower  jaw,  and  fever  and  pros- 
tration. In  the  after-course  of  the  disease  disintegration  of  the  infil- 
trated portions  of  tlio  iskiii  takes  place,  or,  if  we  are  dealing  with  an 
abscess,  softening  of  the  infiltrate  seta  in,  with  escape  of  the  pus  ex- 
ternally by  its  breaking  through  the  skin.  Not  infrequently  extensive 
gangrene  of  the  skin  of  the  lids  occurs.  The  result  of  this  is  cicatri- 
cial shrinking  of  the  lid  in  tlie  course  of  healing  and  its  consequent 
contraction,  so  that  Hugophthalmus  or  ectropion  is  produced.  In  both 
erysipelas  and  malignant  pustule  it  is  not  uncommon  for  both  lids  to  be 
affected  by  the  destructive  process.    This  latter  presents  the  pecnl- 
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iarity  that  even  when  it  is  of  great  extent  it  leaves  exempt  the  free 
borders  of  tlie  lids  together  with  the  cilia  that  they  bear.  This  ex- 
emption is  perhaps  to  be  ascribed  to  the  fact  that  of  all  portions  of  the 
lids  the  free  border  is  most  abundantly  supplied  with  blood-vessels,  and 
hence  less  readily  falls  a  prey  to  necrosis.  The  preservation  of  the 
border  of  the  lid  is  a  very  favorable  circumstance  for  those  cases  in 
which  a  plastic  operation  upon  the  lids  afterward  becomes  necessary, 
since  the  l>order  of  the  lids  can  be  used  to  skirt  the  edge  of  the  im- 
planted flap  with. 

Treatment  follows  the  general  rules  of  surgery.  In  abscesses  of  the 
lids  an  incision  should  be  made  as  early  as  possible  (that  is,  as  soon  as 
we  are  able  to  make  the  diagaosis),  in  ortler  to  prevent  the  extension  of 
the  suppuration  into  the  deeper  parts  (orbit  and  meninges).  When 
the  skin  of  the  lids  is  destroyed  by  inflammation,  it  is  our  business  to 
etrive  to  prevent  as  far  as  possible  the  pubsequent  contraction  of  the 
lida  due  to  cicatrization.  In  large  losses  of  substance  in  the  lids  it  is 
best  to  refresh  the  edges  of  the  two  lids  in  isolated  spots  and  unite 
them  by  sutures.  As  long  as  the  palpebral  fissure  is  kept  closed  in 
this  Avay,  lagophthalmus  can  not  develop,  and  the  cicatrix  that  forms  is 
broader.  It  is  also  advisable  in  such  cases  to  graft  bits  of  skin  upon 
the  granulating  surface  of  the  injured  lids.  If  in  spite  of  these  meas- 
ures, such  a  considerable  contraction  takes  place,  that  lagophthalmus 
or  ectropion  is  caused  by  it,  the  skin  which  has  been  destroyed  must  be 
replaced  by  blepharoplasty.  ^ 


3.  Ulcers  of  the  Shin  of  the  Lids. 

ulcers  are  produced  jnvrtly  as  the  result  of  injuries  (burns,  the  action 
of  caustic  substances,  and  contusion),  partly  spontaneously.  Among 
ulcers  of  the  latter  kind  are  scrofulous,  lupous,  and  syphilitic  ulcers. 
In  children  scrofulous  ulcers  arc  found  not  infrequcutly  in  conjunction 
with  caries  of  the  adjacent  bone.  Lupus  is  likewise  of  frequent  occur- 
rence in  the  lids,  usually  migrating  to  them  from  the  neighboring  re- 
gions (nose  or  check).  From  the  lids  it  may  pass  over  to  the  conjunc- 
tiva and  even  to  the  eyeball ;  and  so,  when  lupus  of  the  face  has  lasted 
ior  a  long  time,  considerable  changes  in  the  lids  and  eyeballs  arc  often 
found,  which  may  even  produce  complete  blinducea. 

After  the  rubflidence  of  hfrpe»  zoster,  anomnlics  in  (he  function  of  the  tri- 
geminus often  rcmnin;  aniesthcfia  orncunil^a,  or  l>oth  cotubiiu-d,  persisting  for 
a  long  time  in  tlie  nrca  supplied  by  the  affected  branches.  The  cornea,  wliich 
even  while  the  inflnmmalion  ia  still  present  is  less  sensitive  than  normal, 
usually  retains  thiß  condition  of  diminished  sensibility  for  a  long  time.  The 
two  following  phenomena  likewise  mu^t  be  referred  to  alterations  in  the 
nervous  iufliioni'e:  The  first  consists  in  tlie  ubnormalty  low  tension  which  the 
eyeball  freipiently  shows  when  it  participates  i»  the  iutlammation;  the  second 
is  the  striking  elevation  of  temperature  of  the  skin  upon  theatfected  side,  which 
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not  only  occiira  while  the  iDflanimation  is  recent,  but  often  lasts  for  quit«  a  long 
time  ftfterward. 

The  cornea  may  be  impliciitetl  iti  various  waya  in  heriMJS  wieter.  In  the  first 
place,  it  may  be  implicated  tFirough  the  breaking  out  upon  it  of  herpes  veKiclc«, 
from  which  quite  large  ukers  may  develop.  Iti  other  cases  deep  parencbymmtous 
infiltrates  may  form  which  arc  very  »lovr  in  disapiKaring;  in  other  ca!<ea  again 
iritis  nod  irido-cyclitis  may  develoi».  The  cornea  may  also  be  affected  indin?ctly, 
in  that  a  paralysis  of  the  trigeminus  rcmuins,  and  as  a  consequence  of  this  a 
keratitis  neuro-paralyticji  i^iset  up.  Then  I  have  seen  two  cuhcs  in  which  herpca 
was  complicated  with  facial  paralysis,  and,  ns  a  result  of  (lie  latter,  a  keratitis 
e  lagophthalmo  develojied.  Paralysis  of  the  oculo-motor  nerve  nlso  occurs  in 
consequence  of  herjves  zoster. 

From  what  has  bfcn  said,  herpes  zoster  is  to  be  looked  upon  as  a  serious 
disease,  which  in  some  few  cnscs  has  actually  caused  death.  Refrigeration,  the 
use  of  arsenic,  and  poisoning  by  c&rbonicoxidc  g&A,  have  been  ol>Berved  at 
causes  of  herpes  zoster,  but  iu  moat  cases  all  clew  to  the  etiology  is  wanting. 

Beuma  of  the  lids  is  not  infrecmcutly  artificial — that  is,  is  caused  by  the  ap- 
plication of  irritant  ointment»,  by  compresses,  or  by  moist  dressing«.  It  hence 
often  arises  as  an  unpleasant  complication  when  there  is  a  necessity  of  keeping 
an  eye  for  a  long  time  beneath  a  bandage.  Adhesive  plaster,  too,  Euch  as  is 
employed  in  bandaging  the  eyes,  excites  eczema  in  many  persons. 

lo  adults,  eczema  squamosnm  sometimes  occurs  as  a  chronic  affection  of  the 
akin  of  the  lids. 

Elephant htgi»  affects  the  lids  under  the  form  of  a  monstrous  thickening. 
C8j>ecially  pronounced  iu  the  upper  lid  which  hangs  down  over  tiie  lower  and 
upon  the  cheek,  and  which,  on  account  of  ita  weight,  can  not  be  raised,  and  thus 
renders  vision  with  the  eye  so  covered  impossible.  The  treatment  consists  in 
excision  of  the  akin  to  a  .sufficient  extent  for  the  lid  to  rog.iin  approrimately  its 
normal  dimensions. 

Under  the  name  of  ehrvmUlrosi»  *  is  denoted  that  rare  affection  in  which  the 
sweat  from  the  skin  of  the  lids  is  colored.  As  a  result  of  it,  blue  spots  come 
out  upon  the  lids,  which  can  easily  be  wiped  away  with  a  cloth  that  has  l)ecn 
dipped  in  oil,  although  in  a  fe'iort  time  they  make  their  appearance  again.  This 
disease  is  said  to  occur  especially  in  women.  A  large  numlx-r  of  the  known 
cases  must  probably  be  referred  to  simulation— i.  e.,  to  the  intentional  applica- 
tion of  some  blue  coloring  matter  to  the  lids. 


(Edema  of  the  Ltoe. — (Edema  of  the  lids  is,  of  coiirsc,  not  a  disease  bat" 
only  a  symptom,  yet  as  such  it  is  so  frequent  and  at  the  same  time  bo  conspicu- 
ous that  it  deserves  quite  a  detailed  description.  Its  development  is  favored  in 
a  very  great  degree  by  the  anatomical  structure  of  the  lid  (sec  page  459) ;  hence 
it  is  found  not  only  in  connection  with  every  violent  inflammation  of  the  lids 
themselves  or  of  the  neighboring  parts,  but  also  in  consequence  of  simple  venous 
congestion.  In  the  former  case  we  ore  dealing  with  inflammatory  adema  (cede- 
ma  calidum),  in  the  second  case  with  a  non-inflammatory  adftnn  (opdema  frigi- 
dum).  As  long  as  the  cedemn  is  on  the  increase,  the  skin  of  the  lid  is  found  to 
be  smooth  and  tense ;  but  as  eoon  as  the  oedema  begins  to  decrease,  thid  is  «t 

•  From  x/'*/«».  color,  Xipttva,  sweating. 
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ono«HHMM0ifrst  by  the  formation  of  minute  wrinkles  in  the  skin  of  the  lid — 
,  a  phenöinenön  which  is  therefore  of  value  as  nifordiog  cviclcDco  that  the  process 
ha3  alresiily  pass«!  it«  acme  (us,  for  instance,  in  acute  blennorrhcea). 

(Edema  of  the  lids  often  causes  the  patient  more  alarm  than  does  the  lesion 
which  lies  at  the  bottom  of  it,  because  he  can  not  open  the  swollen  eye,  and 
hence  can  not  see  with  it.  And  for  the  less  cxiKTienced  physician  marked 
ccdema  presenta  difficulties,  inaismuch  us  it  hinders  the  accurate  inspection  of 
the  eyeball.  If,  in  consequence,  the  physician  get»  but  a  transient  view  of  the 
eye,  or  no  view  at  all,  he  may  cmsily  make  a  false  diagnosis,  and  may  cause  the 
patient  great  anxiety  for  what  is  perhaps  an  insignificant  affection.  For  the 
,  benefit  of  the  general  practitioner,  therefore,  those  affections  which  are  asso- 
'ciated  with  anlema  of  the  lids  will  be  enumerated  in  the  following  line»,  and  at 
the  same  time  the  symjitoms  will  be  given  from  which  the  diagnosis  can  bo 
made.  The  first  thing  to  be  done  is  to  ojien  the  lids  sufücicntly  in  spite  of  the 
ccdcma,  for  which  purpose  we  may  with  advantage  use  Desmarres'a  elevator, 
esijccially  in  the  presence  of  marked  swelling  or  violent  blepharospasm.  If,  then, 
the  conjunctiva  Ls  found  either  not  reddened  at  all  or  but  sliglilly  injected,  aod 
the  eyeball  itself  is  normal,  not  protruding,  and  freely  movable,  we  are  dealing 
with  a  superficial  affection  ;  in  other  cases  we  recognize  from  tlie  abnormal  char- 
acter of  the  conjunctiva  or  the  eyeball  that  the  <pdenia  must  be  referred  to  an 
affection  of  the  deeper  piirts. 


{*.)  (EDEMA    IS  CONSEQUESCK   OF   A    SUPERnCUL    AFFECTIOit. 

It  is  necessary  first  to  determine  whether  what  we  have  iHjfore  us  is  an 
inflammatory  or  a  non-inflammatory  cedema.  The  former  is  distinguished  from 
the  latter  by  the  redness,  the  increased  tem|K'rature,  and  not  infrequently  also 
by  the  sensitiveness  to  touch.  Let  us  as.«iime  that  we  arc  dealing  with  tin  in- 
flammatory oedema.  In  order  to  find  out  what  affection  lies  at  the  bottom  of  it, 
we  now  try  to  ascertain  whether  in  palpating  the  swollen  part  we  do  not  come 
upon  some  one  spot  which  is  distinguished  by  greater  induration  and  special 
painful  ness. 

1.  If  such  a  spot  is  found  close  to  the  free  border  of  the  lid,  wc  are  usually 
dealing  with  a  Jianholitin.  In  the  very  inception  of  this  uffcclum  nothing  besides 
the  above-mentioned  .symptoms  are  noticeable.  But,  in  the  days  immetliately 
following,  a  yellowish  point  of  discoloration  b  discovered  cither  between  the 
cilia,  or,  if  wo  arc  dealing  with  a  Mcibomiau  stye,  upon  the  inocr  surface  of 
the  lid. 

2.  If  the  indurated  and  sensitive  spot  occupies  the  interna!  angle  of  the  eye, 
|Our  first  thought  must  be  of  an  acute  inflammation  of  the  lachrymal  sac — a  da- 
*eryofy»titia.     This  diagnosis  is  confirmed  if,  iij)Oii  pressure  in  the  region  of  the 

lachrymal  sac,  pus  is  evacuated  from  the  puneta,  or  if  the  patient  says  that  epi- 
phora has  for  a  long  time  preceded  the  inflammation.  To  be  sure,  a  furuncle 
or  a  periostitis  may  also  develop  in  the  region  of  the  lachrymal  snc,  but  these 
cases,  in  comparison  with  the  frequently  occurring  dacryocystitis,  arc  extremely 
rare. 

3.  In  en/nipeJat  the  redness  and  swelling  of  the  lid  are  uniform.  The  skin 
itself  when  grasped  between  the  fingers  feels  thicker  and  harder;  while,  on  the 
other  hand,  circumscribed  infiltration  is  absent.  The  swelling,  as  a  rule,  occu- 
pies both  lids  and  also  extend»  to  the  neighboring  parts;  and  when  we  have 

kllad  the  caac  under  observation  for  some  time,  we  can  sec  that  the  swelling 
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migrates.  If  in  the  course  of  the  inflammiition  an  induration  develops  whicl 
can  be  felt  to  be  deeply  seated,  iMs  a  jiroof  lli.it  the  proccäs  has  (^netrated  into 
the  deeper  tissues,  and  tliiit  an  ubscesa  of  the  lid  is  forming. 

Cases  of  erysipelas  sometimes  occur  which  arc  very  sliglit  in  intensity  and 
extent,  and  ])re8ent  correspondiugly  insignificiint  inflammatory  symptom«.  Then 
only  the  lids  themselves,  und  perhaps  the  dorsum  of  the  nose,  too,  are  swollen ; 
these  part3  arc  not  tense  but  of  duughy  con:*isteorc,  and  ore  scarcely  reddened; 
and  fever  und  jiain  are  absent.  The  swelling  disappears  within  a  few  days,  and 
the  skin  thi-n  jieels  off.  In  light  cases  of  this  sort  it  is»  often  hardly  p«it»xible  to 
make  the  diagnosis  of  erysipelas  with  certainty.  Many  of  the  puzzling  cases  of 
recurrent  ccdema  of  the  lids  probably  belong  in  this  category. 

4.  In  tedema  of  the  lids  due  to  afunmele  or  a  malignant  pustule  there  is  felt, 
contrary  to  what  takes  places  in  erysipelas,  a  circumscribed,  indurated,  and 
painful  nodule  of  considerable  extent  in  the  skin  of  the  lid  itself;  while,  if  the 
inßltnition  lies  deep  in  tlie  tissues,  wc  are  dealing  with  a  commencing  iilmcet$  of 
the  liil.  In  jjt'riottt  it  is  of  the  margin  of  the  orbit  the  latter  can  be  felt  tlirough 
the  (edematous  lid,  and  it  is  then  foond  to  be  not  tiharp,  but  thickened  amd  en< 
largcd,  and  tender  to  the  touch. 

5.  GDdema  of  the  lid  due  to  truumatitm  is  almost  always  accompanied  bj 
extensive  hffmorrhngic  suffusion  of  the  lid,  and  from  this  fact  can  readily  be 
recognized.  If  eedema  of  the  lid  develops  in  consequence  of  the  ating  of  ao 
insect,  it  is  easy  to  make  the  diagnosis  when  we  arc  able  to  discover  the  ate  of 
the  sting. 

Ifon-inßammntorif  adema  is  met  wnth  as  one  of  the  symptoms  of  general 
cedemft,  as,  for  example,  iu  heart-disease,  in  iiydncmia,  and  in  nephritis.  Not 
infrequently  the  \\\\»  are  the  very  first  part  of  the  body  in  which  these  varieties 
of  ccdema  show  themselves,  and  thus  give  warning  of  the  (»lusal  disease.  In 
such  cases  the  oedema  of  the  lids  sumetimes  appears  under  the  guise  of  flying 
(cdema  (oedema  fugax) — i.  e.,  it  comes  suddenly  and  disappears  again  within  a 
few  days  or  even  a  few  hours,  only  to  return  after  a  short  inter\al  of  time. 

A  variety  of  cedoma  holding  an  intermediate  position  between  the  inflamma- 
tory nud  the  iiou-inflammatory  kinds,  is  that  which  is  observed  in  connection 
with  blepli.'irospasra  tliut  has  lasted  a  long  time  (c'sjx*ci;illy  in  children  with  con- 
junctivitis lyniplmtica).  This  chiefly  affects  the  «pixr  lid,  and  is  mainly  refer- 
nblo  to  the  cumprcssioa  of  the  palpebral  veins  by  the  contracted  orbicolitris  (see 
page  407). 

Finally,  oedema  of  the  lids  both  of  inflammatory  and  non- inflammatory  nature 
occurs,  for  which  no  causa  whatever  can  be  discovered. 


(b)  (EDEMA  DCE  TO  DEEPER  AFFECTIONS. 

1.  Among  affections  of  the  conjunctimy  those  which  are  associated  with 
oedema  of  the  lids  are  acute  blennorrhcea  and  diphtheri.%  less  frequently  a  vio- 
lent catarrh,  or,  as  above  stated,  a  Conjunctivitis  lymplialica.  The  diagnosäs  is 
easily  made,  from  the  appearance  of  the  conjunctiva  and  from  the  character  of 
the  secretion. 

2.  Violent  inßammationa  in  the  intrri&r  of  the  eyebaU  lead  to  oedema  of  the 
lids;  flevere  irido-cyclitia  and  acute  glaucoma  doing  so  to  a  less  extent,  panoph- 
thalmHia  to  a  more  considerable  degree.  lii  the  latter  disease,  aa  in  acute  blen- 
norrhcea, Chemosis  is  also  present.  A  confusion  between  the  two  discaees  can, 
however,  be  rea<Iily  avoided;  since  in  panophthalmitis  the  purulent  secretion  in 


DISEASES  OF  TEE  LIDS. 


475 


the  conjunctiva  is  wanting,  while  a  purulent  exudate  is  visible  in  the  interior  of 
the  eye  (in  tlie  anterior  cliamber  or  in  ttie  vitreous).  An  important  differential 
sign  is  the  protrusion  of  the  eycbttll  and  the  conae<iuent  diminution  in  itsmo- 
biiity  in  panophthairaitis,  sj-mptoms  wiiicii  arc  never  present  in  acute  blennor- 
rbcsa. 

3.  Tfnonitu,  phUijmon  of  the  orbit,  and  thromhosU  of  the  carernout  sinu»,  ehiirc 
with  ixiuüpiithalraltis  the  symptoms  of  oedema  of  the  lids,  chemosiis,  and  pro- 
trusion and  immobility  of  the  eyeball.  These  affections  might  hence  be  con- 
founded with  each  otlier  and  with  punophtliabniti!<.  From  the  latter,  however, 
they  arc  at  once  disttnguiKhed  by  the  fact  tliiU  in  al!  three  t)ic  eyeball  itself, 
except  for  the  »edema  of  the  conjunctiva,  look»»  normal  in  its  anterior  portion, 
while  in  panoplithnlmitU  the  suppuration  in  ttie  interior  of  the  eye  is  visible. 
The  differential  diagnosis  between  the  three  affections  first  named  is  rather 
more  difficult.  Serous  tenonitis  and  phlegmon  of  the  orbit  are  very  similar  to 
each  other  at  their  commencement,  but  in  the  former  the  Chemosis  and  alt;o  the 
impairment  of  mobility  of  the  eyeball  aie  very  considerable,  and  the  protru.sion 
of  the  eyeball  is  comparatively  slight;  while  in  the  latter,  on  (be  contrary,  the 
cedeina  of  the  conjunctiva  is  not  very  great  in  comparison  with  tlie  estremc 
protrusion  of  tlie  eyeball,  and  i«  not  uniform,  but  is  prinei])ally  dcicIoiKid  in 
the  region  of  the  pal|>ebral  fissure.  In  plilegmon  of  the  orbit  the  fever  and  pain 
attain  a  touch  greater  pitch.  Lntcr  in  the  course  of  the  two  di.'^casea  their  dif- 
ferentiation becomes  more  and  more  easy.  In  serous  tenonitis  all  the  symptoms 
soon  abate,  while  in  phlegmon  of  the  orbit  they  constantly  increase  until  the 
pua  breaks  through  and  is  evacuated. 

Tlirombosis  of  the  sinus  is  distinguished  from  both  affections  by  the  fact 
that  along  with  the  ccdema  of  the  lid  there  is  also  cedema  behind  the  ear  in 
the  mastoid  region,  and  also  by  the  fiict  that  t-erious  cerebral  symptoms  arc 
present. 

A  tumor  developing  in  the  depth  of  the  orbit  may  also,  along  with  the  pro- 
trusion of  the  eyeball,  cause  cedema  of  the  lid  due  to  congestion.  In  this  case, 
however,  inflammatory  concomitants  are  either  slight  or  are  absent  altogether. 

II.   IXFL.^MMATIOS   OF  THE   BOKDEU  OF  TIIE  LiDS. 

108.  The  free  border  of  tlie  lid  is  simply  a  part  of  the  skin  of  the 
lid,  whieli,  however,  is  (iistiuguished  by  many  .anatomical  pccnliaritios, 
Buch  ns  its  cilia  with  their  hair-f«>Uiulcä  aud  glands,  its  particularly 
abundant  viisciilar  supply,  etc.,  so  that  its  diseases  bear  a  special  Ä^tamp. 
Affections  of  the  borders  of  the  lids  are  among  the  most  frequent  of 
all  diseases. 

fft/pertpmia  of  the  border  of  the  lid  manifests  itself  by  the  redden- 
ing of  it,  80  that  the  eyes  look  us  if  they  had  a  re<l  fringe.  It  occurs 
in  many  j»eople  in  consequence  of  insignificant  causes  of  injury, 
stich  as  prolonged  weeping,  great  straining  of  the  eyes,  the  being  iu 
vitiated  air,  a  wakeful  night,  etc.  This  is  especially  true  of  persona 
with  a  delicate  skin,  who  at  the  same  time  have  a  light  complexion  and 
blonde  or  reddish  hair.  In  many  of  these  persons  the  hypenvmia  of 
the  lids  is  present  all  the  time,  and  sometimes  lasts  for  their  whole  life. 
With  respect  to  the  troubles  that  it  causes,  and  also  with  respect  to  its 
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treatment,  the  same  statements  hold  good  that  will  be  made  in  this 
regard  in  speaking  of  blei)hariti8. 

Injlainmatioa  of  the  border  of  the  lids  (blepharitis  ciliaris  or 
blopharo-tulunitis*)  appears  iiridt-r  the  two  following  principal  forms: 

1.  Bhphnrilis  squamosa.  In  this  the  skin  between  the  cilia  and  in 
their  vicinity  is  covered  with  small  white  or  gray  scales  like  the  dan- 
druff iipcjn  the  firalp,  or,  as  some  have  said,  the  border  of  the  lids 
looks  as  thoiigli  strewn  with  bran.  If  the  scales  are  removed  by  wash- 
ing, the  skin  beneath  them  is  found  to  be  hyperaemic  but  not  ulcerated. 
Upon  removing  the  scales,  some  cilia  usually  fall  out— a  proof  that  they 
are  less  firmly  attached  than  usual;  but,  as  their  follicles  are  not  in- 
jured, tliey  grow  again  afterward. 

A  Bub-variety  of  blepharitis  squamosa,  which  is  of  less  frequent 
occurrence,  appears  under  the  following  form  :  The  border  of  the  lids 
is  covered  with  yelloiv  crusts,  which  are  sometimes  rigid,  sometimes 
flexible  and  fatty  (like  wax  or  honey).  When  they  are  removed,  no 
ulcers  are  found  beneath  them,  but  simply  reddening  of  the  skin  of  the 
lid.  The  yellow  crusts  are  tliercfore  not  inspissated  pus,  but  simply  the 
excessively  abundant  secretion  of  the  sebjiceous  glands,  which  has 
solidified  in  the  air  into  yellow  crusts. 

2,  Blepharitis  nlceroaa.  In  this  form  also  the  border  of  the  lid  is 
covered  with  yellow  crusts ;  but,  after  washing  them  off,  we  find  not 
merely  a  hypertiemia  of  tlic  skin  but  uK.erativc*  processes  as  well.  Thus 
we  see  here  and  there  in  spots  small  yellow  elevations,  from  the  center 
of  which  rises  a  eilium.  These  are  abscesses,  which  have  originated 
from  suppuration  of  a  hair- follicle  and  of  the  sebaceous  gland  belonging 
to  it.  With  these  we  find  little  excavations — that  is,  ulcers  which  have 
been  formed  out  of  small  abscesses  that  have  opened.  Again,  in  other 
spots  we  notice  small  cicatrices,  the  remains  of  similar  ulcers.  At  the 
site  of  the  cicatrices  the  cilia  remain  deficient,  because  their  hair-follicles 
have  been  destroyed  by  suppuration.  Since  new  hair-follicles  are  con- 
stantly being  transformed  into  abscesses  one  uft<>r  another,  the  row  of 
cilia,  when  the  process  has  kept  up  for  a  long  time,  becomes  more  and 
more  thinned  out ;  the  cilia  that  are  still  present  are  arranged  in  separate 
groups,  which  for  the  most  part  arc  glued  together  into  tufts  by  the 
dried  secretion.  Blepharitis  ulcerosa,  accordingly,  is  distinguisheii  from 
blepharitis  s<iuamosa  by  its  deef>cr  situation  and  the  purulent  character 
of  the  iunammation.  It  is  hence  tobe  regarded  as  the  more  serious  of 
the  two  forms,  the  one  in  which  both  the  inflammatory  symptoms  are 
more  pronounceil,  and  permanent  sequelae,  particularly  destruction  of 
the  cilia,  remain. 

The  annoynnre  suffered  by  the  patient  is  slight  in  the  lightest  case 
of  blepharitis,  so  that  many  patients  visit  the  physician  more  onaccounf 
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of  the  disfigureraont  duo  to  the  reddened  border  of  tlie  lids  than  on 
account  of  any  distress  they  experience.  But  in  most  cases  the  patients 
are  annoyed  by  the  increased  sensitiveness  of  the  eyes,  which  water 
readily,  especially  during  work  and  in  the  evening,  are  seusitivo  to  light, 
heat,  and  dust,  and  become  tired  quickly.  In  the  morning  the  lids  are 
stuck  together. 

Blepharitis  is  distinguished  by  its  eminently  chronic  course^  which 
often  extentls  over  a  series  of  years.  In  young  patients  the  disease 
often  diaappcars  of  itself  when  they  grow  up ;  in  others  it  continues 
during  the  whole  life.  Proper  treatment  always  produces  considerable 
improvement,  or  even  effects  a  cure,  which  hitter,  however,  is  in  njoet 
cases  not  lasting,  as  after  the  discontinuance  of  the  treatment  the 
disease  usually  returns ;  a  permanent  cure  is  obtained  in  only  a  few 
cases. 

After  lasting  some  time  blepharitis  entails  a  scries  of  sequel»,  which 
to  a  certain  extent  react  in  their  turn  upon  the  blepharitis  and  render 
it  worse.    These  are — 

1.  Chronic  coujuvctiral  catarrh.  This  is  the  constant  concomitant 
of  blepharitis,  the  annoyance  produced  by  which  is  in  no  small  part 
dependent  upon  it. 

2.  Blepharitis  ulcerosa  leads  to  permanent  destruction  of  the  fiVi«, 
which  nuvy  go  on  till  nearly  al!  the  cilia  are  lost.  In  that  case  there 
are  found  upon  the  border  of  the  lid  a  few  scattered,  minute,  and 
abortive  hairs.  This  condition,  called  Juar/aroÄiV,  *  produces  marked 
disfigurement.  As  soon  as  all  tlie  cilia  are  destroyed,  the  blepharitis 
ceases  of  itself,  as  th'ere  are  no  longer  any  hair-follicles  to  undergo  sup- 
pnration. 

3.  By  the  traction  produced  by  cicatrices  which  remain  after  sup- 
puration of  the  hair-follicles,  neighboring  cilia  may  he  given  a  false 
direction,  so  as  to  turn  backward  toward  the  cornea  (trirhiasis). 

4.  Hypertrojihtf  o{  the  border  of  the  lid  may  develop  inconsequence 
of  its  being  const4intly  congested  and  swollen  by  inflammation.  The 
lid  is  then  found  to  be  thicker  and  more  misshapen  at  its  free  border, 
and  drooping  in  consequence  of  its  weight  {tylosis  f ).  This  change 
affects  mainly  the  upper  lid. 

6.  The  lower  lid  very  often  undergoes,  aa  h  result  of  blepharitis,  a 
change  of  position  under  the  form  of  ectropion.  This  develops  in  tlie 
following  way:  Owing  to  the  formation  of  tlie  cicatrices,  the  conjunc- 
tiva is  drawn  a  little  forward  over  the  border  of  the  lid.  The  bonier 
of  the  lid  then  looks  as  if  it  had  a  rim  of  red  conjunctiva  about  it,  and 
the  posterior  margin  of  the  lid,  which  before  was  sharp,  is  now  rounded 
otf,  and  can  no  longer  bo  distinctly  made  out.     In  consequence  of  this 
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change  of  form,  the  borders  of  the  two  lids  no  longer  fit  exaclh"  to  each 
other  when  the  lutter  are  shut  together.  Furthermore,  ou  account  of 
the  absence  of  its  slmrp  posterior  margin,  the  lid  is  no  longer  perfectly 
applied  to  the  eyehall,  und  a  shallow  groove  remains  between  the  eye- 
baH  and  tlic  border  of  the  lid  {evcrsion  of  the  border  of  the  lid).  In 
common  with  the  border  of  the  lids,  the  piincta  are  also  turned  forward 
80  as  no  longer  to  dip  into  the  hicns  lacrimalis  {iu'entiou  of  the  jwncfa). 
Owing  both  to  the  imperfect  closure  of  the  lids  in  winking  and  also  to 
the  eversion  of  the  puncta,  the  conduction  of  tears  into  the  lachrynjul 
sac  is  interfered  with,  so  that  epiphora  develops.  A  portion  of  the  tears 
runa  down  over  the  lower  border  of  the  lid  upon  the  skin  of  the  latter, 
which  because  of  this  continual  wetting  becomes  reddened,  excoriated, 
and  even  eczematous ;  eonserpiently  it  loses  its  jiliability  and  becomes 
gradually  contracted.  In  this  way  the  lower  lid  is  drawn  farther  and 
farther  away  from  the  eyeball,  so  that  an  ectropion  of  the  entire  lid  is 
gradually  developed  froiu  the  eversion  of  its  border.  At  the  sani« 
time  the  lachrymation  also  constantly  increases,  and  this  in  turn  reacts 
injuriously  upon  tlie  blepharitis,  the  border  of  the  lid  being  irritate<l 
to  the  point  of  inflammation  by  the  tears  which  arc  constantly  flowing 
over  it. 

Etiology. — The  causes  of  blepharitiä  are  either  of  a  general   or  a. 
local  nature. 

The  fje/ieral  entities  lie  partly  in  the  con-slitntion  of  the  patient, 
partly  in  external  injurious  influences.  In  the  first  category  are  to  be 
mentioned  anicmia,  scrofula,  and  tuberculosis,  which  particularly  in 
children  and  young  people  furnish  a  frequent  cause  of  blepharitis. 
When  with  iii(.-rciu*ing  age  the  constitution  improves,  the  blc]>hariiis  also 
disiippcars.  In  many  families  blepharitis  is  hereditary,  being  a  kind  of 
family  disease.  Among  external  injurious  influences  are  to  be  consid- 
ered all  those  which  are  known  to  be  also  causes  of  chronic  conjunctival 
catarrh  (see  page  45).  Among  these  belong  vitiated  air,  smoke,  dust, 
heat  (for  example,  in  the  case  of  stokers),  staying  np  late  at  night,  etc., 
Blepharitis  produced  by  general  causes  is  always  bilateral. 

Among  the  heal  enuses  of  blepharitis  the  most  frequent  arc  chronic 
inflanimutions  of  the  conjunctiva  (chronic  catarrh,  conjunctivitis 
lymphntica,  and  tmchoma)  and  lachrymation.  The  latter  excites  ia- 
flamjnation  of  the  border  of  the  lid  by  keeping  it  continually  wet. 
The  lachrymation  may  be  caused  either  by  increased  secretion  of  tears 
or  by  interference  with  their  discharge  into  the  nose.  The  former  is 
the  ca£e,  for  example,  in  conjunctivitis  lymphatica,  which  is  character- 
ized by  profuse  lachrymation.  Since  in  this  case  the  intliunmation  ut 
the  conjunctiva  and  the  scrofulous  diathesis  of  the  patient  both  act  at 
the  same  time  to  favor  the  development  of  blepharitis,  it  is  easy  to  un- 
derstand why  conjunctivitis  lymphatica  should  so  exceedingly  often  be 
found  combined  with  blepharitis. 
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Lacbrymation  may,  however,  also  bo  produced  by  intei-ference  with 
the  conduction  of  tears,  as  u  result,  for  instance,  of  an  affection  of  the 
lachrymal  sac  ;  in  this  case  the  blepharitis  is  found  only  in  that  eve  in 
which  the  affection  of  tlie  lachrymal  sac  exists.  Hence  the  rule  is  in 
unilateral  blepharitis  to  examine  the  lachrymal  sac  at  once,  jnst  as,  on 
the  contrary,  in  bilateral  blepharitis,  we  shall  first  have  to  look  for  a  gen- 
eral cause  for  it.  Other  causes  of  interference  with  tlie  conduction  of 
tears,  and  hence  also  of  blepharitis,  are  imperfect  closure  of  the  lida 
due  to  ectropion,  to  paralysis  of  the  facial  nerve,  to  congenital  and 
acquired  contraction  of  lids,  etc, 

Tlie  treatment  of  blepharitis  must  take  account  both  of  the  causal 
indication  and  also  of  the  local  changes.  Regard  to  the  causal  indica- 
tion requires  the  improvement  of  the  patient's  constitution  and  of  the 
tygienic  coudllious  under  which  he  lives.  In  most  cases,  it  is  true, 
the  object  aimed  at  can  not  be  attained,  owing  to  external  circum- 
stances. Local  causes  of  blepharitis,  such  as  lesions  of  the  conjunctiva 
and  the  lachrymal  sac,  lagophthühuus,  etc.,  are  to  be  removed  as  far  as 
possible.  In  the  treatment  of  the  diseased  borders  of  the  lids  themselves 
ointments  p!ay  the  chief  part.  Their  action  is  to  be  principally  attrib- 
uted to  the  fat  they  contain.  This  softens  the  scales  and  crusts  and 
thus  facilitates  their  removul,  and  also  prevents  the  occlusion  of  tho 
orifices  of  the  palpebral  glands;  it  renders  the  skin  more  pliable,  and 
protects  it  from  being  wet  by  the  overllowing  tears.  Hence  some  soft, 
pliable  fat,  tho  nngueutum  cmoUicus  [cold  cream]  or  vasclin,  must  be 
chosen  as  the  basis  of  the  ointment.  For  the  additional  ingredient  of 
the  ointment,  a  mercnrial  precipitate  is  mo.st  frequently  selected,  tho 
red,  yellow,  and  white  precipitates  all  being  employed.  Since  tho 
ointment  ought  not  to  irritate  the  already  iullamed  border  of  the  lid, 
the  white  precipitate  [ammoniatcd  mercury],  as  being  the  mildest, 
is  to  be  preferred  to  tho  yellow  and  the  red  precipitates  [red  and 
yellow  oxides].  For  the  same  reason  it  is  advisable  to  add  it  in  small 
quantities  only  (one  to  two  per  cent  to  the  fat).  The  patient 
applies  tho  precipitate  ointment  by  nibbing  it  upon  the  closed  eyelids 
with  bis  fingers  Ix'fore  going  to  bed.  On  the  following  morning,  after 
the  ointment  is  wiped  off,  the  crusts  and  scales  adhering  to  the  border  of 
the  lids  must  bo  removed  as  carefully  as  possible  by  washing  with  luke- 
warm water.  Tho  physician  must  insist  very  particularly  upon  this 
point,  since  the  act  of  cleansing  the  lids  is  often  painful,  and  hence, 
especially  in  children,  is  frequently  not  performed  with  sufficient  care. 
When  by  means  of  tliis  treatment  we  have  finally  succeeded  in  bring- 
ing the  borders  of  the  lids  back  to  their  normal  state,  we  continue  tlie 
use  of  the  salve  for  somo  time  longer,  as  otherwise  the  blepharitis  will 
very  soon  recur. 

In  blepharitis  ulcerosa,  in  addition  to  the  employment  of  the  oint- 
ment, the  abscesses  which  form  must  be  opened  every  day,  and  the  cilia 
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which  project  from  them  must  be  epihited.  For  this  purpose  vre  mi 
use  of  tho  cilium-forcepa — that  is,  of  a  forceps  with  broad  rounded  enda. 
The  healing  of  the  ulcers  can  be  accelerated  by  touching  tbena  lightly 
with  a  pointed  stick  of  nitrate  of  eÜTer. 

Sinco  the  border  of  tbe  lids  is  simply  a  mndißcd  portion  of  the  cxtomal 
akin,  it  would  be  proper  to  considur  the  affections  of  it  from  the  dermatttlayüal 
Bt»adi»oiat — that  i^,  to  cütuparc  tbcm  with  analogous  affectionB  of  the  skin. 
From  this  point  of  view  blepltiiriti»  squiuuosa  might  be  regarded  as  Geborrhaa. 
That  form  which  is  associated  with  furfuraceoua  scales  would  correspond  to 
seborrhcca  squamosa  or  scborriiuju  sicca  of  the  skin,  which  we  most  frequently 
observe,  under  the  guiss  of  increased  formation  of  scales,  upon  the  scalp,  Tlic 
form  of  blephiiriti-s  squamosa  which  ia  characterized  by  yellow,  fatty  cmsts«  is 
probably  identicul  with  the  seborrhcpa  oleosa,  which  is  likewise  found  upon  ibe 
acalp,  particularly  in  children,  and  in  this  situation  is  known  under  tho  names 
of  scurf  or  se:ill.  Blepharitis  ulcerosa  is  probably  nothing  but  an  eczema  which, 
on  account  of  tlic  hairy  character  uf  the  bonier  of  the  lid,  is  associated  with  nip- 
pu ration  of  the  hair-follicles,  such  a»  is  tbe  case  in  other  hairy  portions  of  the 
skin  (eczema  sycomatosum).  If  the  position  of  blepharitis  in  the  system  of  akin- 
diseasea,  as  it  in  here  put  down,  was  really  placed  beyond  a  doubt,  it  would  cer- 
tainly be  juitiSable  to  let  the  old  dciiguatioo-s  and  subdivisions  of  blepharitis 
drop  out  altogether  and  replace  thein  by  the  dermatologirul  terms.  I'li fortu- 
nately, wc  liiivc  not  yet  got  as  far  us  l\m.  Thus,  dilTerent  authors  have  been 
im  ible  as  yet  to  come  to  an  ngreeraeut  in  rogiird  to  the  significance  of  blrpharitis 
ulcerosa.  Uorner  considers  it  as  eczema,  Stellwag  as  acne,  Michel  sometime» 
05  eczema,  sometimes  as  sycosis.  Accordingly,  I  consider  it  better,  as  long  M 
a  perfectly  clear  light  has  not  been  thrown  upon  the  question,  to  retain  the 
old  designations,  whose  meaning  every  one  know«. 

For  the  correct  diagnosis  of  blepharitis  the  crusts  covering  the  border  o( 
the  lid  must  be  removed,  in  order  to  determine  the  state  of  the  skin  beneath 
tlicm.  If  the  skin  beneath  the  crusts  is  normal,  we  are  not  dealing  with  ble])hu- 
ritis  ut  all,  but  with  adis^enseof  the  conjunctiva,  the  dried  secretion  from  which 
forms  tbe  yellow  cnuts.  In  blepharitis  the  skin  is  at  least  found  to  be  red- 
dened (in  blepharitis  squamosa),  or  it  is  covered  with  ulcers  (in  blepharitis 
ulcerosa).  In  tho  vicinity  of  tbe  ulcers  the  skin  of  the  pal|>ebral  border  is  not 
infreciueutly  thickened  by  hypcrtrrjphy  of  the  papilla;,  so  that  warty  excrescences 
are  formed,  which  are  painful  und  bleed  readily,  and  which  must  be  removed. 

In  the  treatmfiit  of  blepharitis  the  mistake  is  very  frequently  committed  of 
prescribing  highly  irritant  ointments,  by  which  the  inflammation  is  simply  aggra- 
vated. I  therefore  prefer  the  onc-per-cent  ointment  of  white  precipitate,  aa  be- 
ing the  mildest  of  all.  If  wc  select  as  the  basis  of  the  ointment  the  unguentum 
cmollicns,  which  I  regard  a.s  the  best  for  this  purpose,  we  must  take  care  that 
the  ointment  is  prepared  fre.'*h  from  time  to  time,  as  otherwise  the  fat  would 
become  raucid  and  cause  irritation.  In  severe  cases  of  V)lepharitis  ulcerosa  it  is 
advisable  to  smear  the  ointment  thickly  upon  a  pledget  of  linen  and  apply  it 
overnight  to  the  eyes  by  means  of  a  bandage.  In  this  way  the  ointment  sets 
in  a  much  more  penetrating  way  than  if  it  were  merely  smeared  upon  the  bor- 
ders of  the  lids.  This  procedure  is  particularly  indicated  when  the  blepharitis 
is  caused  by  congenital  .«thortness  of  the  lids,  because  here  the  closure  of  tbe 
p-ilj^bnil  fissure  during  sleep  is  at  the  same  time  insured  (see  §  118). 
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In  obstinate  blepharitis  squamo.sa  the  employment  of  tar-ointment  lias  been 
recorameutled.  For  this  purpose  the  oleum  fagi  (or  olcura  rusci  ♦;,  mixed  with 
equal  part^  of  olive-oil,  is  prescribed,  and  this  mixture  is  applied  upon  the  bor- 
ders of  the  shut  lidt«  at  night  by  means  of  a  brush;  or,  pix  liquida  and  «pirittu 
viai,  equal  pjirts,  are  bnishe<l  over  the  borders  of  the  lids,  ujwa  which  the 
solution  rapidly  dries  through  eva(>oriition  of  the  alrohoL  Id  either  case,  the 
entrance  of  the  ßuid  into  the  cüujunetlvul  sue  must  be  carefully  avoided,  as  it 
would  greatly  irritate  it.  Many  people  can  nut  »tiud  the  tar  ointment«  at  all, 
oo  account  of  the  excessive  irritation  they  produce.  A  less  irrituting  form  of 
[treatment  is  that  with  tar-soap,  with  which  tlie  lids  should  be  carefully  washed 
«very  morning. 

la  many  case.^  of  blepharitis  ulcerosa,  particularly  if  tylosis  is  present  at  the 
same  time,  wo  will  fail  to  accomplish  our  object  until  we  have  cjiilated  all  the 
cilia.    We  do  thia  in  several  sittings,  and  subsequently  also  remove  the  cilia  which 
.|[row  in  afterward,  keeping  on  in  this  way  until  the  border  of  the  lid  once  more 
'looks  perfectly  normal.     We  need  not  fear  that  the  cilia,  even  if  we  have  epi- 
lated  them  ever  so  often,  will  ultimately  fail  to  grow  in  again.     For  the  tylo- 
sis itself,  massage  of  tlie  lid,  with  tlie  aid  of  the  white-precipitate  oiulinent, 
iocs  gfjod  service.     Thia  acts  partly  by  exciting  resorption,  partly  through  the 
fact  th  it  it  helps  to  remove  mechanically  the  contents  of  the  palpebral  glands, 
and  tlnw  ]trevents  their  occlusion. 

Not  to  be  confounded  with  blepharitis  is  the  condition  culled  phthiriari» 
pttJ/iebrnriitn—i.  e.,  the  presence  of  crnb-lice  (Phthirius  inguiualis  or  PeiHiculus 
pubis)  upon  the  eyela.ihes.  Here  the  borders  of  the  lids  look  ütrikingly  dark. 
Upon  more  careful  iusfjection  we  discover  aa  the  cause  of  the  discoloration  the 
black  nita  of  the  crab-lice  sticking  fa-st  to  the  cilia;  sometimeii,  too,  a  grown 
specimen  is  found  lodged  between  the  cilia.  The  disease,  which  is  rare  and 
which  is  found  almost  exclusively  in  children,  sometimes  itself  gives  rise  to 
blepharitis.  It  is  ca:<ily  ciirud  by  means  of  blue-ointment,  which,  when  rubbed 
into  the  borders  of  the  lids,  kills  the  parasites. 

III.   Diseases  op  the  Palpebral  Glands. 


109.  The  glniuls  whicli  here  come  under  consideration  arc  the 
glands  of  tlio  hair- foil iuk-s  of  the  cilia  (Zciss's  glande)  and  the  Mei- 
bomian glands.  The  affections  of  the  former  have  already  been  treated 
of  in  part  under  the  head  of  blepharitis,  a  disease  which  presents  a 
diffuse  inflammation  extending  over  the  whole  border  of  the  lid,  and 
in  which  the  hair-fnlHclcs  play  an  important  part.  To  be  distinguished 
from  thia  is  the  isohitcd  inflammation  which  is  limited  to  one  or  a 
few  of  these  glands,  and  forms  an  independent  affection.  If  such  an 
linflammation  develops  a.s  an  acute  affection,  it  is  known  as  hordeolum; 
if  as  a  chronic  affection,  it  is  known  as  chalazion.  From  these,  again, 
are  to  be  distinguished  the  cases  of  simple  occlusion  of  the  glands  with 
inspissation  of  their  contents  but  without  inflammatinn — cases  which 
form  the  starting-point  of  the  infarcts  in  the  lleibomian  glands. 
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/.  Hordeolum*  (Sty). 

There  arc  a  hordeolum  exterüum  and  a  hordeolum  internam. 

Hordeolum  externum  [or  hordeolum  zeiasianum]  ia  produced  by 
suppuration  of  one  of  Zeiaa's  glands.  There  is  first  noticed  an  in- 
flammatory wdoma  of  the  uiTccted  lid,  which  in  violent  cases  may  even 
extend  to  the  conjunctiva  bulbi.  Upon  careful  palpation  there  is 
discovered  in  the  awollen  lid  a  spot  which  is  distinguished  by  great4ar 
resistance  and  by  special  sensitiveness  to  touch.  It  lies  near  the  border 
of  the  lid,  and  corresponds  to  the  inflamed  gland.  In  the  neit  day 
or  two  the  swelling  at  this  spot  increases,  and  tlie  skin  over  it  grows 
red,  afterward  shows  a  yellowish  discoloration,  and  finally  is  perforated 
near  the  border  of  the  lids  with  a  discharge  of  pus.  After  the  evacua- 
tion of  the  pus  the  inflan>matory  symptoms  rapidly  abate,  the  small 
abscess-cavity  soon  closes,  and  the  entire  process  comes  to  an  end.  In 
spite  of  the  fact  that  the  duration  of  the  disease  is  but  a  few  da^'s,  tho 
affection  itself  is  still  very  burdensome  to  the  patient  on  account  of  the 
pain,  which  is  often  considerable,  in  the  tense  and  greatly  swollen  lids. 
Added  to  this  is  the  fact  that  many  persona  have  quite  a  number  of 
repeated  attacks. 

Hordeolum  i/ilrrnum  is  much  rarer  than  hordeolum  externum.  It 
consists  in  a  suppuration  of  one  of  the  Jleibomian  glands,  and  is  henco 
also  called  hordeolum  nieiboniiauum.  Tlic  course  of  the  disease  is^  on 
the  whole,  the  same  as  that  of  the  hordeolum  externum;  but  as  the 
Meibomian  glands  are  larger  than  those  of  Zeiss,  and  are  enveloped  in 
the  firm  coimevtive  tissue  of  the  tarsus,  tho  inflammatory  symptoms  arc 
more  violent,  and  it  takes  a  longer  time  for  the  pus  to  bo  evacuated. 
The  pus  at  first,  as  long  as  it  is  shut  in  in  the  affected  gland,  apjiears  upon 
cvereion  of  the  lid  as  a  yellowish  spot  shining  through  tho  conjunctiv;i. 
Afterward  it  breaks  through  the  conjunctiva  or  is  evacuated  througii 
the  orifice  of  the  gland.  Perforation  through  the  skin  occurs  only  as 
an  exception,  in  contradistinction  to  hordeolum  externum,  in  which 
this  is  the  rule. 

Hordeolum  externum  and  internum  are  essentially  the  same  j)ro- 
cess — i.  e.,  they  arc  both  an  acuto  suppuration  of  a  sebaceous  gland,  for 
the  Meibomian  glands  are  nothing  but  modified  sebniceoiiB  glands. 
Doth,  accordingly,  present  nearly  the  same  clinical  picture.  They  are 
analogous  to  acne  of  the  external  skin  (hence  also  they  are  called  by 
Stellwag  acne  ciliaris).  Tho  violent  inflammatory  symptoms,  and  par- 
ticularly the  marked  oedema  which  distinguish  a  hordeolum  from  ordi- 
nary acne-pustules  of  the  skin,  are  caused  by  the  peculiar  anatomical 
structure  of  tho  lids,  which  especially  predisposes  tho  latter  to  inflam- 
matory swelling. 
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nordeolum  is  found  principally  in  young  people,  particularly  if  they 
are  of  unjpmic  or  scrofulous  constitution  and  at  the  same  time  suffer 
from  lilophiiritis.  TIk*  latter,  by  causing  swelling  of  the  border  of  the 
Hd  and  the  accumulation  of  scales  and  crusts  upon  it,  favors  the  occlu- 
sion of  the  excretory  ducts  of  the  glands,  which  may  give  rise  to  their 
inflammation.  Probably,  too,  the  micro-organisms  which  are  always 
present  in  great  ntimbers  upon  the  iuflamed  border  of  the  lid,  and 
which  can  tliencc  readily  penetrate  into  the  orifices  of  the  glands,  play 
a  part  in  the  production  of  this  affection. 

The  treatment  of  hordeolum  in  the  beginning  of  the  disease  con- 
siats  in  the  use  of  moist  warm  compresses,  which  are  applied  to  the  lids 
in  order  to  convert  the  hard  intiltrate  more  rapidly  into  pus.  When 
the  yellow  color  of  the  pns  is  visible  beneath  the  skin  or  the  conjunc- 
tiva, the  abscess  may  bo  opened  by  a  small  incision,  and  tbus  the  dura- 
tion of  the  inflammation  may  be  shortened  by  several  days.  The  prime 
means  for  avoiding  a  recurrence  of  the  hordeolum  is  the  treatment  of 
any  blepharitis  that  may  be  present 

9.  Chalazion* 

Chalazion  is  a  chronic  affection  of  the  Meibomian  glands.  It  forms 
a  hard  swelling  which  develops  very  gradually  in  the  lid.  In  many 
cases  this  occurs  without  any  inflammatory  sjnnptouis  whatever,  so  that 
the  swelling  is  not  noticed  by  the  patient  until  it  has  become  quite 
large.  In  other  crises,  however,  there  arc  mo<lerate  inflammatory  con- 
comitants, which,  nevertheless,  are  insignificant  in  comparison  with  those 
which  accompany  a  hordeolum.  The  tumor  keeps  constantly  enlarging 
for  months  until  it  reaches  the  size  of  a  |K:a  or  a  bean  ;  it  then  bulges 
the  skin  far  enough  forward  to  produce  a  perceptible  disfigurement  of 
the  lid.  Upon  palpating  the  tumor  we  can  make  out  that  it  is  pretty 
resistaut,  and  that  it  ia  intimately  connected  with  the  tarsus,  while  the 
ekin  lying  over  it  can  be  displaced  from  side  to  side.  After  everting 
the  lid  wo  find  the  conjunctiva  over  the  tumor  reddened,  thickened, 
and  somewhat  protruding.  I^ater  on,  the  tumor  as.siimes  a  grayish  look 
as  seen  through  the  conjunctiva,  and  ultimately  tlie  latter  ia  perforated ; 
then  a  viscid,  rather  turbid  fluid  flows  out,  which  corresirouds  to  the 
central  softened  portions  of  the  tumor.  But  the  main  portion  of  th« 
latter,  consisting  of  spongy  granulations,  remains  behind,  for  which 
reason  the  tumor  after  it  has  been  opened  does  not  at  once  disappear 
completely.  On  the  contrary,  it  diminishes  very  gradually  in  size,  and 
meanwhile  it  is  not  uncommon  for  the  granulation-masses  to  project 
like  a  fungoid  growth  through  the  perforation  in  the  conjunctiva.  It 
requires  months  more  for  the  tumor  to  disappear  completely. 

Chalazion  shares  with  the  hordeolum  internum  its  situation  in  tho 
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Meibomian  glands,  but  is  distinguished  by  the  character  of  the  process. 
Hordeolum  ia  an  acute  inflammation,  which  gooa  on  to suppnrution  and 
is  over  in  a  few  days.  Chalazion  ia  a  chronic  disease,  wliich  docs  not 
lead  to  suppuration  but  to  the  formation  of  granulation  tissue,  and  lasts 
for  months  or  even  years.  Chalazion  is  the  analogue  of  acne  rosacea  of 
the  skin,  in  which  latter  the  sebaceous  glands  play  the  same  part  that 
the  Meibomian  glands  do  in  chalazion  (Horner). 

Chalazion  affects  adults  more  frequently  than  children.  Not  infre- 
quently several  chalazia  are  found  at  once  in  the  same  patient.  A 
chalazion  annoys  the  person  who  has  it  by  the  disfigurement  it  produce», 
and  also  by  the  condition  of  irritation  which  it  keeps  up  in  the  eye. 
This  condition  of  irritation  is  partly  the  result  of  the  chronic  inflam- 
mation of  the  lidsj  partly  the  result  of  the  mechanical  injury  done  to 
tho  eyeball  by  the  uneven  and  bulging  conjunctiva  covering  the  inner 
surface  of  the  tumor. 

Treatment. — Quite  small  chalazia  are  best  left  alone.  Larger  chala- 
zia are  removed  by  an  operation,  in  order  to  do  away  with  the  disfigure- 
ment and  also  with  the  irritation  of  the  eye.  Tho  lid  is  everted,  and 
the  conjunctiva  and  tho  wall  of  the  chalazion  lying  beneath  it  are 
divided  in  a  vertical  direction  by  an  incision  with  a  sharp-pointed 
scalpel.  After  the  fluid  portion  of  the  contents  has  escaped,  the  gran- 
ulation-masses which  still  remain  are  removed  by  scraping  (with  a  small, 
sharp  BjXJon,  or  with  a  David's  scoop,  or  even  with  a  curved  sound). 
Even  then  the  tumor  does  not  disappear  completely,  because  its  resistant 
capsule  remains,  although  this  shrinks  up  after  a  short  time.  If  the 
contents  of  the  chalazion  are  not  completely  removed,  it  is  apt  to  form 
again,  so  that  the  operation  has  to  \)C  repeated. 

S.  Infarcts  in  the  Meibomian  Glands. 

In  elderly  people  we  freijuently  see,  upon  everting  the  lids,  small, 
bright-yellow  spots  beneath  tho  conjunctiva.  These  are  the  inspissated 
contents  of  the  Meibomian  glands,  which  accumulate  in  their  acini 
and  distend  them.  These  infarcts  usually  cause  no  disturbance.  But 
sometimes  they  are  transformed  by  the  deposition  of  lime  salts  into 
hard,  stony  masses  (lithiasis  *  conjunctivie).  These  bulge  the  conjunc- 
tiva forward  and  even  perforate  it  with  their  sharp  edges,  which  then 
cause  mechanical  injury  to  the  eye.  In  this  case  they  must  be  removed 
from  their  bed,  after  an  incision  has  been  made  in  the  conjunctiva,  luid 
thus  be  got  rid  of. 

The  older  physicians  considered  a  chnluzion  as  a  hordeoliun  which  had 
become  harduncd — i.  o.,  had  not  gone  on  ti>  suppuration — a  view  which  i^^  Ptill 
at  present  widely  diffused  among  the  laity.  Others  eupposcd  that  the  chalazion 
was  a  simple  rcteution-cyst  of  the  Meiboauan  glands,  and  analogous  to  atheroma 
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of  the  sebaceous  glands.  Neither  of  these  views  is  correct — a  chalozion,  ia 
fact,  being  formed  as  follows:  Some  interference  with  the  discharge  of  the 
viscid  sebum  is  set  up  in  nnr  of  the  .Meil>omian  glands.  The  sebum  therefore 
aocumulntes  in  the  acini  of  the  gland,  and  through  rcniaioiDg  there  a  long  time 
becomes  inspissnted  and  harder.  But  at  the  same  time  it  starts  up  an  irrita- 
tion of  the  wall  of  the  acinus,  in  consequence  of  which  both  the  epithelium 
of  the  acinus  proliferates  and  an  inflanimatory  infiltration  ia  produced  in  the 
surrounding  tissue  of  the  tarsus.  The  latter  process  soon  becomes  the  pre- 
dominant one,  so  that  both  the  acini  of  the  gland  and  the  tissue  of  the  tarsus 
ultimately  are  overwhelmed  in  an  overgrowth  of  small  cells.  This  growth 
of  cells  forms  a  soft  tissue  of  the  nature  of  granulation-tissue,  and,  like  the 
latter,  contains  also  giant  cells.  lu  the  granulation-tumor  are  found  amorphous 
flakes  representing  the  remains  of  the  Inspissated  contents  of  the  acini ;  and  on 
the  outside  it  is  inclosed  by  a  capsule  of  connective  tissue.  The  development 
of  the  latter  is  owing  to  the  fact  that  the  tissue  surrounding  the  growing  tumor 
is  compressed  by  it  and  condensed  more  and  more  all  the  time.  Finally,  the 
central  portions  of  the  granulation-tumor  which  are  very  poor  in  vessels  break 
down  by  a  sort  of  mucilaginous  poftcning,  so  that  a  cavity  filled  with  a  turbid 
liquid  is  formed  in  the  center  of  the  growth.  Horner  was  the  fiist  to  call 
attention  to  the  analogy  between  civalazion  and  acne  rosacea.  Dermatologists, 
indeed,  deny  that  the  sebaceous  glands  are  concerned  in  the  development  of 
acne  nodules;  but  I  have  been  able  repeatedly  to  convince  myself,  in  examining 
microscopical  preparations,  that  in  acne  rosacea  the  process  of  inflammatory  pro- 
liferation begins  in  the  sebaceous  glauds  in  the  some  way  that  it  does  in  the 
Meibomian  glands  in  the  case  of  chalazion. 

In  old  chalazia,  in  which  perforation  has  failed  to  take  place,  the  entire  con- 
tents  sometimes  become  liqueßtd.  The  chalazia  arc  then  transformed  into  a 
sort  of  cyst  with  thick  envelope  and  with  turbid,  mucilaginous  contents.  Those 
ohalazia  which  are  developed  upon  the  excretory  duct  of  a  Meibomian  gland 
assume  a  special  appearance.  They  are  then  situnted  near  the  free  border  of 
the  lid,  from  which  they  project  like  a  kind  of  nipple,  while  on  their  posterior 
side  they  are  flattened  out  by  the  counter-pressure  of  the  eyeball.  If  they  do 
harm  to  the  eye  mechanically,  they  are  to  be  removed  by  ablation. 

It  not  infrequently  h.ippcns  that  persons  who  have  never  suffered  from  cha- 
lazia begin  all  of  a  sudden  to  have  one  after  another.  New  chalazia  keep 
developing  at  intervals  of  one  or  more  weeks,  manifesting  their  presence  each 
time  by  the  renewal  of  the  slight  inflammatory  symptom?.  Finnlly,  one  or  more 
chalazia  are  fovind  in  each  of  the  four  lids.  In  pnrtinilarly  bad  cases  tn 
actual  degeneration  of  the  lid»,  especially  of  the  upper,  takes  place.  The  lids 
are  thickened,  so  that  it  is  with  difficulty  they  can  be  everted.  In  one  of  the 
cases  observed  by  me  the  lid  had  become  one  centimetre  thick.  The  skin  of 
the  lids  forms  nodular  projections,  but  can  be  displaced  upon  its  bed  and  is  not 
essentially  altered.  The  conjunctival  surfiice  of  the  lids,  on  the  contrary,  appears, 
uneven,  nodular,  and  reddened,  and  velvety  in  some  spots,  while  in  others  it 
showsM  gray  transluconcy  or  is  pcrfornted  by  sprouting  granulations.  In  extreme 
cases  of  this  sort  we  might  at  first  sight  be  disposed  to  suspect  the  existence  of 
a  torsitis  or  a  neoplasm.  In  operating  upon  such  oases  it  can  be  si-en  that  the 
entire  tarsus  has  disappeared  from  view  in  a  sjwngy  und  partially  Eoftencd 
gran  ulntion-t  issue. 

Instead  of  merely  opening  the  chalazia,  we  may  extirpp.te  them  by  dividing 
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the  akin  over  them  and  then  cutting  them  out  of  the  tarsus.  A  fenestra  is  thus 
made  in  the  torsua  and  in  the  conjunctiva  as  well.  Such  an  extirpution  of  the 
chalazia  is  pretty  tedious  and  painful,  for  which  reason  we  in  moflt  cases  prefer 
the  simple  incision,  and  are  perfectly  successful  with  it  too.  Extirpation  \a  only 
indicated  when  we  are  dealing  with  large  chalazia,  which  project  far  forward 
and  have  a  particularly  thick  capsule. 

Affbctionb  of  ths  Tabsub. — The  tarsus  is  implicated  not  only  in  the 
diseases  of  the  Meil>omiun  glands  but  also  in  those  of  the  conjunctiva.  This  ia 
particularly  true  of  trachoma  and  of  ainjloid  degeneration  of  the  conjunctiTa. 
In  the  former  we  can  often  feel,  when  we  evert  the  upj^er  lid,  that  the  tarsus  has 
become  thicker  and  more  un8ha]>ely.  This  depend«  upon  its  inflammatory  in- 
filtration, which  suUsequently  Iead.9  to  atrophy  and  distortion  through  cicotri- 
ciftl  contraction,  and  wliich  must  therefore  be  looked  ui>oa  as  the  chief  cause 
of  trichiasis.  In  tarsal  cartilages  which  have  undergone  this  change,  the  Mei- 
bomian glands  an>  ali^o  in  great  part  found  to  be  destroyed.  In  amyloid  deg«o- 
eration  of  the  conjunctiva  the  tarsus  itself  falls  a  victim  to  the  same  dcgeners- 
tioo,  BO  that  it  is  transformed  into  a  large,  unshapely,  friable  structure  (see  p*g9 
90). 

There  is  a  primary  aHection  of  the  tarsus  {tanitit  »i/philitiea)  which  occurs 
as  a  consequence  of  syphilis,  This  develops  very  gradually,  and  as  a  rule  with- 
out any  notable  pain.  When  it  has  reached  its  acme  we  find  one  or  both  lids 
of  the  same  eye  greatly  enlarged  and  the  skin  of  the  lid  tense  and  reddened. 
Upon  palpation  we  can  convince  ourselves  that  the  cause  of  the  enlargement  lie« 
in  the  tarsus,  which  can  be  felt  through  the  akin  as  a  thick  structure  of  carti- 
laginous hardness  and  ungainly  form.  The  swelling  of  the  tarsus  is  usually  so 
great  that  the  lid  can  no  longer  be  everted.  The  enlarged  tarsus  consists,  as  u 
evident  when  it  is  cut  into,  of  n  lardaceutis,  bloodless  tissue.  TIte  cilia  upon 
the  oGTectcd  lid  fall  out,  and  the  lymphatic  gland  in  front  of  the  ear  upon  the 
same  side  swells  up.  After  the  swelling  has  been  for  weeks  maintained  at  the 
same  height,  it  di«jppeara  very  slowly  again  until  the  tarsus  has  rt-uchcd  its 
former  volume,  or  has  even,  in  consequence  of  atrophy,  fallen  somewhat  b»'1ow 
it.  It  takes  scverol  months  for  the  disea.se  to  run  all  through  its  course.  Tar- 
sitis  makes  its  api>earaQce  in  the  third  stage  of  syphilis,  and  is  accordingly  to  be 
looked  upon  as  a  guuimotous  infiltration  of  the  tarsus. 

IV.  Anomalies  of  Position  and  Connection  op  the  Lids. 

/.  Trichiasis  and  Distichiasis. 

110.  Trichiasis  *  consists  iu  the  fact  tliat  the  cilia,  instead  of  looking 
forward,  are  directed  more  or  less  backward  so  oß  t<D  come  into  contact 
with  the  cornea.  This  anomaly  of  position  either  affects  all  the  cilia, 
or  only  those  which  project  most  posteriorly;  it  may  also  extend  over 
the  whole  length  of  the  border  of  the  lid,  or  be  present  over  a  part  of  it 
only  (total  and  partial  trichiasifi).  The  inverted  cilia  are  seldom  nor- 
mal, being  for  the  most  part  stunted,  and  consisting  of  short  stumps  or 
of  minute,  pale,  and  scarcely  visible  hairs. 

Trichiasis  causes  a  continual  irritation  of  the  eyeball,  due  to  the 


•  Prom  9p(i,  hair. 


DISEASES  OP  THE  LIDS. 


487 


action  of  the  cilia ;  there  are  photophobia,  lachrjination,  and  a  con- 
stant sense  of  a  foreign  body  in  the  eye.  The  cornea  iself  suffers  more 
considerable  injury.  Superficial  opaciiios  are  produced  in  it,  siuce  tlio 
epithelium,  in  cousequeuce  of  the  constant  irritation,  undergocä  a  sort 
of  callous  thiekcning,  and  may  be  regarded  as  protecting  thus  the  cornea 
against  external  injuries.  In  other  cases  deposits  like  punnus  or  ulcers 
of  the  cornea  are  formed.  It  not  infrequently  happens  tliat  persons  are 
tormented  by  frequent  recurrences  of  corneal  ulcers,  until  at  length 
the  physician  discovers  one  minute  cilinm  which  is  directed  toward  llic 
cornea,  and  which  has  been  the  c?u)se  of  tlie  formation  of  ulcers. 

The  mo:jt  frecpieut  cause  of  trichiasis  is  trachoma  (page  G4).  The 
conjunctiva,  which  in  the  regressive  stage  of  trachoma  undergoes  cica- 
tricial shrinking  and  contracts,  tends  to  draw  the  external  covering  of 
the  lid  backward  over  the  free  border  of  the  latter,  and  thus  puts  the 
cilia  more  and  more  in  a  false  direction.  At  first  the  most  posterior 
cilia,  afterward  the  anterior  rows,  too,  are  turned  backward.  The  dis- 
tortion of  the  tarsus  acts  to  produce  the  same  efTect.  On  account  of 
it,  that  portion  of  the  tarsus  which  adjoins  the  free  border  of  the  lid 
bends  off  at  an  angle  from  the  rest  of  the  cartilage  and  is  turned  back- 
ward (/„  Fig.  19  //),  and  in  so  doing  it  draws  with  it  the  covering  of 
the  free  border  of  the  lid  which  is  firmly  attached  to  it 

Partial  trichiasis,  i^^^■hich  only  some  of  the  cilia  are  turned  back- 
ward, develojis  in  consequence  of  cicatrices  wliieli  have  been  left  by 
blepharitis,  hordeolum,  diphtheria,  burns,  operations,  etc.,  upon  the 
free  border  of  the  lid  or  in  the  conjunctiva. 

Under  the  name  of  disfichiasiK*  is  designated  the  condition  in 
which,  the  \kU  being  otherwise  uoruiallj  formed,  there  are  two  rows  of 
cilia,  one  of  which  looks  forward ;  and  the  other,  which  is  usually  less 
perfectly  developed,  ia  directed  backward.  This  condition  occurs  as  a 
congenital  auoninly,  and  is  sometinies  present  in  all  four  lids. 

Treatment. — When  only  a  few  of  the  cilia  have  an  improjicr  posi- 
tion they  can  be  removed  by  epilation.  Inasmuch  as  they  grow  again, 
epilation  nmst  be  repeated  at  intervals  of  a  few  weeks — a  thing  which 
can  very  often  be  attended  to  by  the  patient  himself.  It  is  still  bet- 
ter to  employ  a  method  in  which,  witli  the  performance  of  epilation,  the 
follicle  of  the  cilium  is  at  the  same  time  destroyed,  so  that  the  latter 
does  not  grow  again.  The  best  procedure  for  this  purpose  is  electroly- 
sis. Tlie  two  poles  of  a  constant-current  battery  are  so  arranged  that 
the  positive  pole  is  formed  by  a  sponge  electrode,  the  negative  pole  by 
a  fine  sewing-needle.  The  latter  is  introduced  into  the  hair-foUiclo  of 
the  cilium  and  the  circuit  closed  by  the  application  of  the  sponge  elec- 
trode to  the  temple.  At  once  a  light  foam  is  seen  to  eiade  from  the 
root  of  the  cilium.     This  is  formed  by  the  bubbles  of  hydrogen  gaa 
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frhich  are  developed  at  the  negative  polo  and  give  evidence  of  the 
qbemical  decom])osition  of  the  tissue-fluids  produced  by  the  electric 
purrent.  By  virtue  of  this  decomposition  an  adequate  deslruction  of 
^he  hair-follicle  results  without  any  eschar  being  produced.  The  cilinm 
pan  now  be  very  readily  drawn  out,  or  it  falls  out  afterward  of  itself 
und  it  never  grows  again.  The  operation  is  pretty  painful.  When 
quite  a  large  number  of  the  cilia  or  all  of  them  are  directed  toward  the 
eyeball,  epilation  is  not  suituble ;  in  that  case  those  methods  are  indi- 
cated by  means  of  which  the  cilia  are  brought  to  their  proper  position 
by  a  shifting  of  the  place  in  which  the  hair-bulbs  are  implanted  (see  the 
section  on  operations,  §  IGH). 

The  term  diatUhia»it  is  employed  by  most  authors  not  only  for  the  condition 
in  which  there  are  congenitally  two  rows  of  ciliu,  but  aL<;o  for  the  ncquirrd 
anomaly  of  poäition  due  to  trachoma,  when  simply  the  jKJstcrior  rowu  of  cilia 
arc  wt  backward,  wliile  the  antfricjr  are  dirccteil  even  more  forward  than  usual. 
But  this  cümlition  is  identical  in  its  nature  with  trichiasis  proper,  and  differs 
from  it  only  in  dejjree.  At  the  commencement  of  the  cicatricial  contraction 
the  rows  of  cilia  are  first  drawn  apart,  and  then  the  posterior  and  last  of  all  the 
anterior  row  ore  turned  backward.  Accordingly,  distichiasis  is  developed  first 
and  trichiasis  afterward,  and  a  sharp  line  of  disjunction  can  not  b«  drawn  be- 
tween the  two.  I  hence  prefer  to  use  the  expression  trichiasis  for  this  con- 
dition in  all  it»  phase»,  and  to  canfinc  the  terra  distiehiasi«  to  tlie  congenital 
case»  in  which  two  regular  series  of  cilia  are  present.  Then  trichiasis  and  dis- 
tichiasis really  denote  two  conditions  which  ditler  absolutely  in  their  nature. 

S,  Entropiou. 

111.  Entropion*  is  a  rolling  inward  of  the  lid.  The  distinction 
between  entropion  and  trichiasis  is  one  of  degree.  In  the  latter  the 
border  of  the  lid»  as  a  whole,  is  properly  situated,  bnt  the  posterior 
inargin  of  the  lid  is  rounded  off  and  the  cilia  are  turned  backward.  In 
pntropion  the  whole  margin  of  the  lid  is  revolved  back  so  as  not  lo  be 
visible  at  all  when  the  open  eye  is  seen  from  in  front.  Hence,  to  get  a 
view  of  the  border  of  the  lid  we  have  to  roll  the  lid  out  again  by  drai 
ing  it  up  toward  the  margin  of  the  orbit.  The  evil  consequence« 
entropion  are  the  same  as  those  of  trichiasis.  According  to  their  eti- 
ology we  distinguish  two  varieties  of  cntrojjion  : 

(«)  Entropion  apusHcum  is  that  form  which  is  produced  bv  the 
contraction  of  the  orbicularis.  The  fibers  of  the  palpebral  portion  of  the 
orbicularis  (see  page  4G3)  describe  arcs  having  a  curvature  in  two  different 
directions.  One  sort  of  curvature  is  due  to  the  fact  that  the  muscular 
fibers  encircle  the  palpebral  fissure ;  the  concavity  of  these  arcs  accord- 
ingly looks  toward  tlie  palpebnd  fissure  and  is  directed  downward  in  the 
upper  lid,  upward  in  the  lower.  The  second  variety  of  curvature  is 
caused  by  the  fact  that  the  muscular  fibers  in  conjunction  with  the 
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lids  are  molded  to  the  anterior  convex  surface  of  the  eyeball;  tho  con- 
cavity of  these  arcs  looks  backward  in  both  lids.  When  the  fibers  of 
the  orbicularis  contract,  they  tend  to  shorten  from  the  form  of  an  arc 
to  that  of  its  chord.  In  so  doing  they  exert  a  double  action :  by  the 
flattening  out  of  the  first  set  of  curves  they  narrow  the  i)nl{>ebral  fis- 
sure; by  the  flattening  out  of  the  second  set  they  press  tho  lids  against 
the  surface  of  the  eyeball.  As  long  as  tho  pressure  takes  place  in  tho 
same  way  over  tiie  whole  height  of  the  lid  tho  latter  is  applied  uni- 
formly to  the  eyeball.  It  is  otherwise  when  from  mechanical  reasons 
one  part  or  another  of  the  palpebral  portion  of  the  muscle  gets  tho 
upper  hand,  so  that  the  lid  is  pressed  backward  more  strongly  at  one 
»pot  than  at  another.  When  the  bundle  adjoining  the  border  of  the  lid 
surpasses  the  peripheral  portions  of  the  muscle  in  force,  the  border  of 
the  ltd  is  tilted  backward  and  entropion  develops.  When,  on  the 
contrary,  the  action  of  (hose  fibers  which  lie  next  to  the  margin  of  the 
orbit  is  stronger  than  tho  action  of  the  bundle  adjoining  tho  border 
of  tho  lid,  the  latter  is  flapped  over  to  the  outside  and  ectropion  ensues. 
Thus  the  contraction  of  the  orbicularis  may,  according  to  circumstances, 
produce  two  opposite  conditions,  entropion  and  ectropion,  and  we  now 
have  to  investigate  those  conditions  that  determine  in  which  of  these 
two  senses  the  mechanical  effect  of  the  contraction  of  the  orbicularis 
makes  itself  felt. 

For  an  entropion  to  develop,  two  conditions  are  necessary :  defective 
support  of  the  free  border  of  the  lid,  and  an  abundant  amount  of  exten- 
sible skin  upon  the  lid.  Under  normal  circumstances,  when  the  border 
of  the  lid  is  pressed  backward  by  the  nuiscuhir  buiulle  adjoining  it 
against  the  eyeball,  it  finds  in  it  supjwrt  and  resistance.  If  the  eyeball 
is  taken  out,  tho  border  of  the  lid  is  allowed  to  flap  back.  Kt^uce 
entropion  sp;isticuin  develops  most  of  all  wiien  the  eyeball  is  wanting 
(entropion  organicum  of  Stellwag).  For  entropion  to  develop,  however, 
it  is  not  necessary  for  the  eyeball  to  be  entirely  absent ;  it  is  sufficient 
that  it  should  Ix^  diminished  in  size,  or  should  simply  be  situated  more 
deeply  in  the  orbit,  as  it  is  in  the  old  and  lean.  Again,  when  the  border 
of  the  lid  is  rolled  inward,  the  skin  of  the  lid  is  drawn  after  it.  If  this 
is  prevented  an  entropion  can  not  develop.  If  the  entropionizcd  lid  is 
put  back  in  place,  and  then  the  skin  of  the  lid  is  drawn  a  little  up 
toward  the  margin  of  the  orbit  and  fixed  there  by  pressure,  the  rolling 
in  again  of  the  lid  is  rendered  impossible.  p]ntropion  spasticum,  there- 
fore, does  not  develop  in  persons  with  rigid  and  elastic  skin  upon  tho 
lids,  but  requires  the  presence  of  a  large  amount  of  wrinkly,  readily 
displaceable  skin,  such  as  we  meet  with  in  old  persons. 

It  is  clear  that  the  rolling  in  of  the  lids  is  favored  when  the  fibers 
of  the  orbicularis  are  very  forcibly  contracted,  as  in  ble[>harospasm,  and 
also  when  the  pressure  with  which  the  muscular  bundles  of  the  orbicu- 
laris are  squeezed  against  the  border  of  tho  lid  is  aggravated  by  an  ex- 
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temal  pressure — i.  e.,  by  a  baud^ge.    Similarly,  blepharopblmosis  acta 
to  favor  the  development  of  entropion  (see  page  494). 

If  wc  Eummarize  what  has  just  been  said,  it  follows  that  entropion 
spasticum  develops  only  in  elderly  people  with  flabby  lids,  and  thiü  its 
production  is  favored  by  a  deep  situation,  a  diminution  in  dze,  or  the 
absence  of  the  eyebaU,  by  the  existence  of  a  blepbarospasm  or  a  ble- 
pharophimosis,  or  by  the  wearing  of  a  bandage.  For  the  Iskst-named 
reason  entropion  is  a  frequent  and  unpleasant  complication  during  the 
after-treatment  of  c^itaract-operations,  in  which  case  we  are  dealing 
with  elderly  people  whose  eyes  have  to  be  kept  bandaged  for  quit«  % 
long  time. 

Eutropion  spasticum  b  observed  almost  without  exception  in  the 
lower  lid. 

(6)  Entropion  cicatriceitm  is  caused  by  cicatricial  contraction  of  the 
conjunctiva  by  means  of  which  the  free  bordef  of  the  lid  is  drawn  in- 
ward. It  may  be  said  to  form  one  step  further  on  the  way  upon  which 
trichiasis  has  started.  Like  the  latter,  it  is  observed  after  trachoma, 
diphtheria,  burns  of  the  conjunctiva,  etc. 

The  (rail men/  of  entropion  is  cither  with  or  without  operation.  In 
entropion  spasticum  which  has  formed  beneath  a  bandage,  the  diecou- 
tinuauce  of  the  latter  is  often  all  that  is  requii'ed.  If  we  are  compelled 
by  important  reasons  to  continue  the  bandage,  we  place  upon  the  lower 
lid  in  the  neighborhood  of  the  margin  of  the  orbit  a  roll  of  adhesive 
plaster,  which  is  kept  pressed  against  the  lid  by  the  bandage.  This 
procetlure  depends  upon  the  observation  that  the  entropionized  lower 
lid  takes  a  correct  position  spontaneously  when  wo  press  back  with  our 
fiugcra  that  porLiou  of  it  which  lies  next  to  the  margin  of  the  orbit 
Another  method  of  exerting  a  constant  pressure  of  this  sort  has  been 
proposed  by  Arlt :  One  end  of  n  narrow  strip  of  linen  is  fastened  witJi 
tuUudioii  to  the  inner  extremity  of  the  lid  beneath  the  internal  angle  of 
the  eye;  frouj  this  jjoiut  the  strip  is  stretched  tightly  over  the  lower 
part  of  the  litl  toward  the  outer  side,  and  is  there  again  fastened  by 
means  of  collodion.  If  entropion  occurs  in  consequence  of  the  ab- 
sence of  the  eyeball,  we  enjoin  the  wearing  of  an  artificial  eye.  If  we 
can  not  nttaiii  our  object  by  bloodless  measures,  we  must  proceed  to 
the  pcrforniauce  of  an  operation  (see  section  on  operations,  §  171). 

3.  Ectropimi. 

112.  Ectropion  consists  in  the  revolution  of  the  lid  outward,  eo  that 
its  conjunctival  surface  looks  forward.  It  is,  therefore,  the  opposite  of 
entropion.  There  are  different  degrees  of  ectropion.  The  lowest  de- 
gree is  that  in  which  the  internal  margin  of  the  lid  stands  off  a  little 
from  the  eyeball  [cirrsion  of  the  border  of  the  lid).  Even  this  very 
Blight  degree,  however,  bears  within  itself  the  conditions  for  its  own 
increase.    With  the  oversion  of  tk/»  of  the  lid  there  is  also 
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elated  eversion  of  tho  puncta,  in  consequence  of  which  epiphora  de- 
velopa,  and  by  this  a  contraction  of  the  skin  of  the  lower  lid  and  hence 
an  increasG  of  tlie  ectropion  are  produced.  Ectropion  may  present  all 
degrees  up  to  complete  eversion  of  the  entire  lid.  The  consequences  of 
ectropion  are  epiphora  and  also  redness  and  Ihickeniug  of  the  con- 
junctiva wherever  it  is  exposed  to  the  air.  The  hypertrophy  of  the 
conjunctiva  may  reach  such  a  liigh  degree,  especially  if  this  membnine 
has  already  been  considenibly  altered  (by  acute  blennorrhcea  or  by 
tnichoma),  that  tho  conjunctiva  looks  like  exuberant  "  proud  "  flesh 
(wound-granulatioup),  whence  the  old  designations  ectropion  tuxiirians 
or  ectropion  sarcomatosum.  In  high  degrees  of  ectropion  the  cornea 
is  incompletely  covered  by  tlie  lids,  so  that  keratitis  e  lagophthalmo  is 
Bet  Dp. 

According  to  differences  in  their  etiology  the  following  kinds  of 
ectropion  are  distinguished : 

(rt)  Ectropion  Spasticum.  It  was  shown  above  that  tho  lid  is  rolled 
outward  whenever  those  fibers  of  the  palpebral  portion  of  the  orbicu- 
laris lying  near  the  margin  of  the  orbit  get  tlio  upper  hand  over  those 
which  are  found  next  to  the  border  of  the  lid.  The  mechanical  con- 
ditions which  produce  this  ascendency  are  the  direct  opposite  of  those 
which  we  have  found  to  be  the  causes  of  entropion.  They  consist 
partly  in  the  displacement  forward  of  the  tarsal  peirtioii  of  the  lid,  and 
partly  in  a  firm,  ehtstic  etrueture  of  the  skin  of  the  lid,  by  virtue  of 
which  the  palpebral  border  is  drawn  up  toward  the  margin  of  the 
orbit.  We  often  have  the  opportunity  to  observe  the  eiTect  of  a  traction 
of  this  sort  when  we  try  to  open  the  palpebral  fissure  in  a  child  with 
Bwollen  lids  and  with  blepharospasm.  As  soon  as  we  draw  the  lids 
apart  they  tilt  forward  spontaueouslj-,  and  in  such  cases  if  we  should 
not  carefully  put  the  lids  back  in  place  we  might  readily  set  up  a  per- 
manent spastic  ectropion.  For,  the  peripheral  bundles  of  the  palpebral 
portion  of  the  muscle  contract  behind  the  everted  tarsal  portions  of  the 
lid  and  maintain  them  in  their  faulty  position.  Then,  just  as  in  the 
case  of  paraphimosis,  the  everted  lids  swell  up  from  engorgement,  a 
fact  which  renders  their  reposition  the  more  difficult  the  louger  tho 
condition  lasts.  Inasmuch  as  a  certain  degree  of  tension  of  the  skin  of 
the  lids  is  requisite  for  the  development  of  spastic  ectropion,  this  con- 
dition is  found  principally  in  children  and  young  persons. 

The  second  condition  mentioned  above  for  the  development  of 
ectropion  is  tho  forcing  of  the  tarsal  portion  of  the  lid  away  from  the 
eyeball,  by  which  the  eversion  of  the  lid  is  favored.  It  occui-s  mostly 
through  thickening  of  the  conjunctiva,  particularly  in  consequence  of 
acute  blennorrhopa  and  trachoma.  Bforeovcr,  tho  eyeball  itself  may 
force  the  lids  so  far  forward  that  they  >)ecomo  ectrnpionized,  as  in 
enlargement  or  protrusion  of  the  eyeball  (ectropion  mcchanicum  of 
Stell  wag). 


OP  THE  KTE. 

Tlte  tfFo  «nteprfeat  detenninixig  causes  abore  mentiooetl  will  be 
tkb  man  apt  to  indace  etvnaon  <d  th»  lid  in  proportion  as  there  is  a 
oahiritkat  hlnihirniMim  lij  iriudi  the  peripheral  portiona  of  the  lid 


i  wini  hn  faeaa  aaid,  it  f oUovi  that  ectropson  spastieom  is  par* 
'  tindarij  proaa  to  ooear  in  jdcib^  pcfaoas  who  at  the  same  time  aattex 
oC  the  coaymetif»  wHk  «veiling  of  the  latter  and 
KUimduM  qmtieun  frpquently  affects  the 
apper  and  lover  lids  simnltanMMflijr. 

(i)  &/ry'sw  jwirrijrfif y  anam m a resalt of  paraljsis of  tlie  orlic- 
ttkris.  The  lids  aro  tfaoB  m  loiiger  kept  pressed  against  the  •  ycr>.ill 
by  tiie  contnction  of  tike  fibers  of  the  orbicularis,  and  thus  tbe  lover 
lid  sinks  dovn  of  its  ovn  weight  For  this  reason  ectropion  paralvti- 
com  i5  foand  onlj  in  the  Iowa-  lid ;  the  upper  lid,  becaaee  of  its  weight, 
lemaining  applied  to  the  ejeball  eren  when  there  is  do  action  of  the 
araacle.  In  conjanction  with  the  drooping  of  the  lower  lid  there  is  an 
[inabiHtj  to  lift  it  in  the  act  of  closing  the  lids.  Consequently  the  pal* 
pebral  fissore  can  not  be  perfectly  shat  (lagophthalmus). 

(c)  tk-iropüm  geniie  also  is  found  only  in  the  lower  lid.  It  arises 
from  the  fact  that  in  old  people  tbe  lower  lid  is  relaxed  in  all  its  parts 
and  is  presseil  with  insafficient  force  against  tbe  eyeball  by  the  enfee- 
bled fibers  of  the  orbicularis.  Another  factor  that  here  comes  into  play 
is  the  chronic  catarrh  of  the  conjunctiva  (catarrhas  senilis),  which  is  so 
frequent  in  old  people.  Ectropion  of  the  lower  lid  also  occurs  as  a  re- 
sult of  cufeeblement  of  the  action  of  the  orbicularis  when  the  lid  has 
been  divideil  in  a  rertieal  direction  at  any  spot,  or  when  the  ^ 

commissure  has  been  destroyed,  so  that  the  continnitr  of  the  or 
is  interrupted  somewhere. 

(rf)  Ectropion  cicatricenm  develops  when  some  part  of  the  skin  of 
the  lid  has  been  destroj-cd  and  has  been  replaced  by  cicatrices  so  that 
the  lid  is  contracted.  Injuries,  particularly  bnms,  ulcers,  gangrene, 
excision  of  the  skin  in  oprations,  etc,  may  give  rise  to  it  Ectropion 
frequently  develops  as  a  sequel  to  caries  of  the  orbit  in  scrofalous  cbil- 
drtm.  Here,  in  addition  to  the  contraction  of  the  skin  of  the  lid,  its 
fixation  to  the  osseous  cicatrix  upon  the  margin  of  the  orbit  is  of  mo- 
ment, and  with  this  there  is  associated  marked  retraction  of  the  skin. 
So  also  ectropion  is  set  up  by  the  contraction  of  the  skin  and  the  loas 
of  its  elasticity  that  results  from  the  eczema  which  occurs  in  connection 
with  the  continual  wetting  of  the  skin  of  the  lid  by  the  tears  or  from 
otlier  causes.  Ectropion  is  therefore  frequently  found  along  with  a 
blepharitis  of  long  standing  and  with  lesions  of  the  conjunctiva  and 
the  lachrymal  sac. 

Non-operative  treatment  is  successful  mainly  in  ectropion  sposticam. 
It  consists  in  pnttiug  tbe  lid  back  in  place  and  keeping  it  pressed' 
against  tbe  eyeball  by  a  well-fitting  bandage.     In  ectropion  paralyticum 
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we  must  employ,  besides  the  bandage,  the  remedies  indicated  for  the 
cure  of  the  facial  paralysis,  pai"ticiilarly  electricity.  Ectropion  senile  is 
curable  without  an  operation  only  as  long  as  it  has  not  reached  any 
very  high  degree.  For  quite  a  long  spiico  of  time  t!ie  eye  must  be 
bandaged  at  night,  aud  the  patient  must  be  told,  when  wiping  away 
the  tears  that  flow  down  over  his  cheek,  to  apply  his  handkerchief  from 
below  upward,  and  not,  as  is  ordiiuirily  done,  from  above  downward,  a 
proceeding  by  which  the  lid  is  drawn  down  only  so  much  the  more. 
It  is  furthermore,  advisable  to  slit  up  the  inferior  canaliculus  in  order 
to  diminish  the  epiphora  due  to  the  oversion  of  the  punctum.  The 
higher  degrees  of  ectropion,  aud  particuhirly  ectropion  cicalriceum, 
require  treatment  by  an  operation,  of  which  the  section  on  operations 
(§  lUi)  contains  a  description. 

4.  A  n  kyhhleph  a  ron . 

113.  Ankyloblepharon  *  consists  in  an  adhesion  of  the  upper  to  the 
lower  lid  along  the  pali>ebral  margin.  It  is  either  partial  or  total,  and 
is  very  often  combined  with  an  adhesion  betivccn  the  lid  and  the  eye- 
ball, or  syrablephurou.  It  ulao  has  a  common  etiology  with  the  latter; 
it  originates,  that  is,  when,  as  a  result  of  burns,  ulcers,  etc,  the  borders 
of  the  two  lids  are  converted  into  niw  surfaces  at  opposed  points  and  so 
become  adherent. 

Through  ankyloblepharon  the  paljiebnd  fissure  is  diminished  in 
size  and  the  movements  of  the  lids  are  hindered ;  in  total  ankyloble- 
pharon there  is  complete  occlusion  of  the  palj>ebral  fissure.  The  treat- 
ment, when  we  are  dealing  with  simple  ankyloblepharon  without  coin- 
cident 8\'mb!epharon,  consists  in  separating  Ibe  adherent  lids  by  an 
operation.  If  the  adhesion  extends  as  far  as  the  angle  of  the  lid,  the 
latter  nmst  be  supplied  with  a  lining  of  conjunctiva,  as  otherwise  the 
adhesion  would  form  again,  starting  from  the  angle.  In  the  cases  in 
which  Symblepharon  is  present  along  with  the  ankyloblepharon,  it  de- 
pends mainly  upon  the  extent  of  the  former  whether  an  operation  is 
practicable  at  all  or  not. 

6.  Symblepharon  (sec  page  109). 

6.  Blepharophimosi». 

In  blepharophimosis  t  the  palpebral  fissui'e  appeal's  to  be  contracted 
at  the  external  angle  of  the  eye.  Upon  drawing  the  lids  apart  we  see 
that  the  contraction  is  produced  by  a  fold  of  tikiu  which  extends  in  a 
vertical  direction  at  the  external  angle  of  the  eye  and  juts  out  in 
front  of  it  like  a  sliding  screen.  If  we  draw  the  fold  of  skin  outward, 
we  disclose  behind  it  the  nornmlly  formed  external  palpebral  angle  with 

*  From  kyttiku,  a  stiff  limb  [era  thong],  und  ßKt^apav,  eyelid. 

f  Prom  ßKffapo¥,  lid,  aud  ^{ftttvu,  oontnictioit,  from  piitis,  a  muzzle. 
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tlie  dclicato  ligament  uniting  the  borders  of  tho  two  liJs.  The  distinc- 
tion between  ankyloblepharon  and  blcpharophimosis,  two  conditions 
which  are  commonly  confounded,  is  therefore  as  follows:  In  ankylo- 
blepharon the  borders  of  the  lids  arc  adherent  to  each  other,  but  in 
blepharophimosis  they  are  normal,  and  the  contraction  of  the  palpebral 
fissure  is  only  apparent,  being  caused  by  the  drawing  of  a  fold  of  skin 
over  its  outer  extremity- 

Blepharophimosis  is  most  frequently  found  in  persons  who  suffer 
from  lachrymation  and  blepharospasm  of  long  standing — that  is,  it  is 
especially  met  with  in  chronic  inflammations  of  the  conjunctiva.  It  orig- 
inates in  a  contraction  of  the  skin  of  the  lids  due  to  their  being  frequently 
moistened  with  the  tears  or  with  secretion.  If  the  contraction  is  jiar- 
ticularly  marked  in  a  horizontal  direction,  tho  skin  from  the  adjacent 
parts  is  drawn  up  so  as  to  project  over  the  palpebral  fissure  on  the 
temporal  side  like  a  sliding  screen.  Wo  can  artificially  imitate  bleph- 
arophimosis by  drawing  the  skin  from  the  temple  over  the  palpebral 
fissure  with  our  fingers.  Blepharophimosis  is  ordinarily  not  found  at 
the  inner  angle  of  the  eye,  because  the  adjoining  skin  of  the  bridge  of 
the  nose  is  not  so  readily  displaced,  although  here  too  a  projecting  fold 
of  skin  is  exceptionally  formed. 

Blepharophimosis  accordingly,  like  that  form  of  ectropion  which 
occurs  in  connection  with  chronic  catarrh,  lachrymation,  etc.,  owe» 
its  origin  to  a  contraction  of  the  skin  of  the  lid.  The  difference 
between  tho  two  lies  in  the  fact  that,  in  the  first  case,  the  contraction 
makes  itself  apparent  chiefly  in  the  horizont^il  direction ;  in  the  second 
case,  in  the  vertical  direction.  Blepharospasm  and  ectropion,  therefore, 
as  originating  from  the  same  cause,  may  be  both  present  at  the  same 
time.  That  this  in  general  is  but  rarely  the  case  is  due  to  the  upward 
traction  which  tho  vertical  fold  of  skin  forming  the  blepharophimosis 
exerts  upon  tho  lower  lid  and  which  opposes  the  oversion  of  the  latter. 
In  fact,  therefiirc,  bicphamphimosis  actually  favors  the  development  of 
an  entropion,  which  in  such  cases  c^iu  of  leii  bo  cured  simply  by  tho  abo- 
lition of  tho  blephnropliimosis.  Another  consequence  of  blepharophi- 
mosis is  the  contraction — to  bo  sure,  an  apparent  one  only — of  the  pal- 
pebral fissure,  which  consequently  can  not  be  opened  as  wide  as  usual. 

If  blepharopbiniosis  causes  any  trouble,  it  may  be  removed  by 
widening  the  palpebral  fissure  by  moans  of  canthophisty  (see  the  sec- 
tion on  operations,  g  lüt>). 

7.  Lagophthahnus. 

By  lugophthalmns  *  is  meant  an  incomplete  closure  of  the  pal- 
pitell  fissure  when  the  lids  are  shut  together.    In  the  lesser  degrees  of 


*  1.  0.,  hiiroVcyc,  from  Avjnir,  hare,  because  it  was  believvd  that  hares  bleep  with 
Uwir  uyiM  opvn. 
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lagophtlialmiis  complete  closure  of  the  palpebral  fissure  is  still  possible 
by  squeezing  tJie  lids  togetlier;  but  since  during  sleep  there  is  no  such 
squeezing  up  of  the  lids,  but  only  a  gentle  closure  of  them,  these  patients 
sleep  with  their  eyes  opeu,  and  from  this  the  disease  derives  its  name. 
In  the  higher  degrees  of  lagophthalmus  it  is  no  longer  possible  for  the 
patients,  even  by  squeezing  their  lids  together,  to  bring  them  into  con- 
tact. 

The  evil  consequences  of  lagophthaimns  depend  upon  the  harm 
which  the  eyeball  suffers  from  being  insufficiently  covered.  What 
part  of  the  eyeball  is  it  that  remains  uncovered  by  the  lids  in  lagoph- 
thalmus?  If  we  tell  a  patient  with  lagophthaimns  of  slight  degree  to 
shut  his  lids  lightly  together,  we  see  that  the  borders  of  the  lids  remain 
Bc|>anited  some  millimetres  from  each  other,  and  tliat  between  tlicra 
there  lies  the  part  of  the  sclera  that  is  beneath  the  cornea,  but  not  the 
cornea  itself.  This  arises  from  the  fact  that  at  the  same  time  that  the 
lids  are  shut  the  eye  is  turned  upward,  so  that  the  cornea  is  concealed 
beneath  the  upper  lid.  The  same  is  the  case  during  sleep.  Hence  the 
only  part  of  the  conjunctiva  sclerse  that  is  constantly  exposed  to  the 
air  is  that  situated  below  the  cornea.  As  a  result  of  this  exposure  it  is 
injected,  and  the  patient  suffers  from  the  symptoms  of  a  chronic  con- 
junctival catarrh.  In  the  higher  degrees  of  lagophthalnnis  the  cornea, 
too,  is  seen  to  lie  in  the  slit  which  remains  open  when  the  lids  are 
closed  together ;  and,  because  the  cornea  is  turned  upward,  it  is  the 
lower  part  of  it  tliat  is  seen.  Ijagophthalmns  but  seldom  reaches  a 
degree  such  that  the  cornea  remains  completely  uncovered.  The  cor- 
nea may  suffer  in  two  ways  from  being  covered  insufficiently ;  cither 
it  dries  up  wherever  it  is  constantly  exposed  to  the  air,  and  the  dried 
portions  becoming  necrotic,  keratitis  e  lagophthalmo  ensues  (see  page 
IGl) ;  01'  t!tc  cornea  protects  itself  against  tlie  exposure  by  a  change  in 
its  epithelium  which  becomes  thicker  and  epidermoid,  so  that  the 
deeper  layers  of  the  cornea  are  preserved  from  desiccation  (xerosis  of 
the  cornea,  see  page  112).  But  as  opacity  both  of  the  ejiithelium  and 
of  the  cornea  itself  is  associated  with  this  process,  the  sight  is  thereby 
prejudiced.  In  any  case,  therefore,  vision  is  endangered  in  lagojvhthal- 
musif  the  latter  is  so  considerable  that  the  cornea  is  no  longer  suffi- 
ciently covered.  Another  result  of  lagophthaimns  is  epijihora,  since 
complete  closure  of  the  lids  is  requisite  for  the  normal  conduction  of 
tears  into  the  nose. 

The  causes  of  lagoplithalmus  are:  1-  Shortening  of  the  lids. 
This  is  in  most  cases  caused  by  the  loss  of  a  portion  of  the  skin  of  the 
lids  in  consequence  of  bums,  ulcers  (particularly  hi  pus),  operations, 
etc.  Less  frequent  are  the  cases  of  congenital  shortness  of  the  lids. 
Such  cases  are  characterized  by  the  fact  that  the  palpebral  fissure  still 
remains  open  a  distance  of  some  nnllimetres  when  the  lids  are  shut 
lightly  together,  and  that,  nevertheless,  no  signs  whatever  of  loss  of  the 
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skiu  of  the  lids  under  the  form  of  cicÄtrices  are  present  There  often 
exiflU  in  these  cases  the  symptoms  of  a  chronic  blepharitis  alccrosa. 
2.  Ectropion.  3.  Paralysis  of  the  orbicalaris.  In  this  case  it  is  the 
lower  lid  ulone  which  is  accountable  for  the  lagoph  thai  mas,  the  former 
not  beiug  raised  when  the  lids  are  closed.  4.  The  state,  occurring  in 
pcrvoQS  who  are  very  ill  or  who  are  unconscious,  in  which  tlio  eyes  re- 
main open  on  account  of  a  depression  of  the  sensitireness  of  the  cornea, 
so  that  the  reflex  acts  of  winking  and  of  shutting  the  lids  are  no  longer 
set  up.  5.  Enlargement  or  prominence  of  the  eye,  so  that  the  lids,  in 
spite  of  their  normal  size  and  mobility,  are  uniible  to  cover  it  com- 
pletely. In  this  connection  particular  mention  must  Ije  made  of  Base- 
dow's disease,  in  wliieh  the  lagophthalmus  is  bilateral,  so  that  bilateral 
blindness  sometimes  occurs  as  a  result  of  it. 

The  treatment  of  lagophthalmus  consists  first  of  all  in  regarding 
the  causal  indication — i.  c.,  in  the  removal  of  those  conditions  which 
prevent  the  complete  closure  of  tlie  lids.  Under  this  head  belong  the 
remedying  of  contraction  of  the  lids  by  means  of  blopharoplasty,  the 
cure  of  ectropion,  the  treatment  of  facial  paralysis,  etc.  Until  we 
have  succeeded  in  doing  away  with  the  lagophthalmus  itself,  for  which 
often  quite  a  long  time  is  required,  the  eye  must  be  protected  from  the 
evil  consequences  of  the  disease.  This  is  accomplished  by  closing  the 
palpebral  üssure  artificially  with,  a  bandage.  For  this  purpose  we  first 
bring  the  bordera  of  the  lids  into  perfect  apposition,  and  keep  them 
thus  by  stri])8  of  sticking-plaster  which  are  attached  vertically  across  the 
lids;  over  this  is  applied  an  ordinary  protective  bandage  with  dry  cot- 
ton. In  the  lighter  cases  it  is  sufficient  to  apply  this  bandage  only  at 
night,  since  then  the  danger  of  desiccation  of  the  cornea  is  the  greatest, 
and  during  the  day  the  act  of  winking  suffices  to  keep  the  cornea  moist. 
But  in  the  higher  degrees  of  lagophthalmus,  or  in  cases  in  which  the 
cornea  is  already  attacked,  the  bandage  must  be  worn  constantly.  In 
those  cases  in  wliieh  the  removal  of  the  cause  of  the  lagophthalmus  is 
impossible,  or  is  likely  to  require  a  very  long  time  (as,  for  example,  in 
the  cure  of  a  case  of  Basedow's  disease),  it  would  bo  disagreeable  for 
the  patient  to  have  to  wear  a  bandage  for  so  long  a  time — a  year  or  so- 
For  these  cases  tarsorrhaphy  (see  section  on  operations,  §  ITO)  is 
advisable,  by  which  the  palpebral  fissure  is  abbreviated  and  the  borders 
of  the  lids  are  brought  nearer  euch  other,  so  that  the  closure  of  the  lids 
is  facilitated. 

Congenital  nhortncM  of  the  lids  docs  not  usually  reach  any  oonsidcrablc 
flfigrt'c.  nie  ]Kilpcbrnl  fissure,  when  the  Vida  are  dosed  lijBflitly,  pnpps  it  few 
mtllimctreH,  so  ttwt  a  narrow  line  of  sclera  (but  not  tlu'  cnrncn)  is  nsiblc  in  it. 
Another  si/^n  of  congenitul  Hhortncss  of  tlic  lids  is  that  such  people  slerp  with 
tlu'  eyes  not  perfectly  shut.  This,  to  Im?  sure,  bIso  occurs  in  jiersons  with  normal 
lid«.  I  hftvc,  in  fact,  found  thnt  the  peculiarity  of  sleeping  with  the  eyes  half 
open  b  hereditary  iu  many  families.     But  in  thiis  caac  the  individual  conocmcd 
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will,  when  told  to  close  the  lids  gently  together,  do  it  properly  and  perfectly, 
while  the  man  whose  lidH  ore  too  short  effects  their  closure  only  by  screwing 
them  up  tight.  The  measurement  of  the  lida  affords  more  exact  information  in 
regm-d  to  their  relations  as  to  size.  This  measurement  can  only  be  performed 
in  the  up^HT  lid,  because  the  lower  lid  has  no  sharp  boundary-line  separating  it 
from  the  cheek.  The  measure  xa  taken  in  tlie  following  way :  First,  the  altitude 
of  the  up{>er  lid — i.  e.,  Iho  vertical  dibtauce  between  its  free  border  and  the 
center  of  the  eyebrow — h  measured  with  the  lid«  gently  closed.  Then  tlie  rerti- 
cal  atent  of  the  »kin  of  the  lid  when  its  folda  are  smoothed  out  ia  measured.  For 
thia  purpose  we  grasp  the  Ud  by  the  cilia  and  put  it  moderately  upon  the  stretch, 
and  then  again  determine  the  distance  between  the  border  of  tin?  lid  and  the 
eyebrow.  The  altitude  of  the  lid  give»  a  me.isurc  of  the  area  that  has  to  be 
covered  by  the  upper  lid ;  the  extent  of  the  skin  of  the  lid  gives  a  mea-inire  of  the 
quuntity  of  skin  available  for  this  purpose.  Upon  the  relation  between  the  two, 
therefore,  depends  the  completeness  with  which  the  lid  can  be  shut.  I  have 
fovmd  by  numerous  mea.9uremcnts  that  in  udult«  the  vertical  extent  of  the  skin 
of  the  lid  must  have  an  amount  at  least  one  half  greutcr  than  that  of  the  alti- 
tude of  the  lid  for  a  complete  closure  of  the  lids  to  l>e  possible  without  undue 
effort.  If  the  extent  of  the  skin  of  the  lid  falls  below  an  nmouut  one  and  a  half 
times  as  great  as  that  of  the  altitude  of  the  lid,  there  is  lagophthalmus.  The 
consequence-s  of  this  arc  chiefly  manifested  in  epiphora,  and  8.s  a  result  of  this  in 
blepbaritiK  ulctTosa.  Such  caees  are  hence  ordinarily  regarded  a«  old  cases  of 
blepharitis,  and  the  shortnegs  of  the  lids  is  eillitr  altogether  overlooked  oris 
considered  to  l>c  the  result  of  the  blepharitis.  Small  losses  of  integument,  with 
consequent  cicatrices,  do  indeed  develop  in  the  course  of  this  blepharitis  from 
PTq>puration  of  the  glands  of  Zci.ss;  but  they  arc  too  inconsiderable  h)  ncco\int 
for  the  marked  shortening  of  the  lids,  and  tfiis,  therefore,  if  no  other  cause  for 
it  can  be  found,  must  be  regarded  as  congenitul.  This  condition  is  incunible. 
An  amelioration  of  the  troubles  suffered  is  obtained  by  drcsiiing  the  eyes  over- 
night with  an  ointment  of  white  precipitate  smeared  npon  linen;  in  this  way 
the  accom[)anying  blej)hariti.s  is  kept  within  bounds.  I  have  seen  but  few  cases 
in  which  the  congenital  shortness  of  the  lids  was  considerable  enough  for  tho 
cornea  to  Euffer  harm  from  it  so  that  an  operative  procedure  (tarsorrhaphy)  was 
required. 

V.  Diseases  op  the  Palpebral  Muscles. 

1.  Orbicularis. 

114.  (//)  Spitstn  of  the  Orbicularis  {Bkpharospasvi*),  This  inani- 
foata  itself  by  the  Bcrcwing  of  the  lido  lightly  together.  It  is  either  an 
accompanying  symptom  of  othor  eye  (liseases  (syniptontatic  blepharo- 
spasm), or  it  forms  a  disease  by  iteolf  (essential  blepharospasm). 

Symptomatic  hlepharospasm  accompanies  all  ir/italivo  etatcs  of  tho 
eye,  and  is  henco  foun<l  in  connection  witli  the  prcscncf^  of  foreign 
bodies  in  the  conjunctival  sac,  with  trichiasis,  with  the  most  various 
forms  of  inflammation  of  tho  eye,  etc.  The  violence  of  the  blepharo- 
spasm la  by  no  means  in  direct  proportion  to  the  severity  of  tho  dis- 
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ease  of  the  cyo,  so  that  no  sort  of  conclusion  can  be  dravm  from  it 
with  respect  to  the  violence  or  the  duration  of  tlie  ocular  affeollou 
which  lies  at  the  root  of  it.  It  often  renders  the  examination  of  the 
eye  extremely  difüciilt.  Blepharospjisra  is  usually  most  violent  and 
most  obstinate  in  conjunctivitis  lymphatic».  It  reacts  unfavorably 
upon  the  eye-trouble ;  moreover,  it  often  leads  to  codema  of  the  lids, 
to  blepharophimosis,  and  to  spastic  ectropion  and  entropion.  Tbe 
treatment  of  symptomatic  blepharospasm  consists  in  the  removal  of 
tlio  ocular  disease  which  lies  at  the  root  of  it  (cf.  page  94). 

Essential  bltphnrospnsm  is  distinguished  from  the  symptoniatio 
variety  by  the  fact  that  in  it  tlie  eyes  tliemsclves  are  found  to  be  per- 
fectly normal.  In  young  persons,  particularly  of  the  female  sex,  it 
manifests  itself  by  the  eyes  suddenly  shutting  up  and  then  remaining 
closed  as  in  sleep.  This  condition  is  distinguished  from  ptosis  by  the 
resistance  oflfered  through  the  energetic  contraction  of  the  orbioulari» 
to  the  passive  opening  of  the  eye  performed  by  drawing  up  the  upper 
lid  {blepharospasm us  /n/sten'cus).  In  elderly  people  blepharospasm  ap- 
pears either  under  the  form  of  clonic  spasms — i.  e.,  continual  winking 
(nictitatio  *) — or  as  a  tonic  spasm  by  which  the  eyes  are  kept  tightly 
closed  all  the  time  {dlfpfHtri/spaamus  senilis).  Essential  blepharospasm 
ia  extremely  tormenting  to  the  patient ;  indeed,  in  severe  cases  it  has,  as 
far  as  he  is  concerned,  almost  the  same  results  as  a  real  blindness,  since 
the  patient  can  not  make  use  of  his  eyes  when  they  are  shut.  Hysteri- 
cal blepharospasm  in  time  disappears  of  itself,  while  senile  blepharo- 
spasm resists  treatment  for  a  long  time,  and  sometimes,  indeed,  is  abso- 
lutely incurable. 

(b)  Paral  If  sis  of  t?ie  Orbicularis. — If  we  are  dealing  with  a  recent 
paralysis,  no  changes  are  noticed  while  the  eye  is  open ;  but  if  the 
patient  has  cause  to  shut  his  eye,  it  is  apparent  that  the  closure  is  but 
incompletely  performed,  because  the  lower  lid  can  not  be  lifted  prop- 
erly. This  is  particularly  striking  in  the  inner  half  of  the  lid.  In 
consequence  of  the  incomplete  closure  of  the  lid  there  is  epiphora, 
which  in  light  cases  often  constitutes  the  only  complaint  the  patient 
makes.  After  the  paralysis  has  lasted  quite  a  long  time  further 
changes  set  in.  The  lower  !id  falls  away  from  the  ej'cball  and  sinks 
lower  and  lower  down  (ectropion  paralyticum).  The  cornea  during 
sleep  is  exposed  to  desiccation  in  its  lowermost  part,  so  that  keratitis  e 
lagophthalmo  develops. 

Paralysis  of  the  orbicularis  is  caused  by  an  affection  of  the  facial 
nerve  which  innervates  it.  A  lesion  of  the  facial  nerve  may  have  either 
a  central  or  a  peripheral  situation.  In  the  former  case  it  is  located  in 
the  course  of  the  nerve-filjers  ext-ending  from  the  cortex  of  the  brain  to 
the  nucleus  of  the  facial  nerve ;  in  the  second  case  it  is  located  in  the 


•  From  nietart,  to  wink. 


DISEASES  OP  THE  LIDS. 


400 


nerve-trunk  itself.  Central  paralyses  of  the  facial  uerve  chiefly  afTect 
its  oral  branches,  while  the  orbicularis  is  usually  normal.  Hence,  in  a 
jmralysia  of  this  muscle  we  have  ordinarily  to  do  with  a  peripheral 
lesion.  Most  frequonily  we  have  to  deal  with  a  so-called  rliL-umutic 
paralysis;  but  the  paralysis  may  also  be  caused  by  injury  (particulaily 
by  ojHjrations  iu  the  region  of  the  parotid  gland),  by  an  otitis  interna, 
by  tumors,  and  by  specific  disease.  The  rheumatic  paralyses  of  the 
orbicularis  give  a  favorable  prognosis,  but  even  in  them  several  months 
are  required  before  the  cure  takes  place.  The  treatment  must  first  of 
all  endeavor  to  remove  the  cause  of  the  paralysis.  Symptomatic  treiit- 
ment  consists  mainly  in  the  application  of  the  electric  current,  both 
constant  and  induced.  As  long  as  the  closure  of  the  lids  is  imperfectly 
performed,  the  palpebral  fissure  must  be  kept  closed  by  a  bandage 
(see  lagophthalinus),  to  prevent  the  development  of  ectropiou  and  of 
keratitis.  In  the  severe  cases  the  bandage  must  be  worn  constantly; 
in  the  light  cases  it  is  sufficient  to  apply  it  at  night  only.  If  the  par- 
alysis proves  to  be  incurable,  tarsorrhaphy  is  indicated  in  order  to  facili- 
tate tho  closure  of  the  lids. 


S.  Levator  Pnlpebra  Superioris. 

ParaJi/sis  uf  the  levator  palpebrse  superioris  manifcstä  itself  by  a 
drooping  of  the  upper  lid  {ptosis*).  All  degrees  of  ptosis  occur,  from 
n  just  noticeable  depression  of  the  upper  lid,  to  a  prolapse  of  it  so 
complete  that  it  hangs  down  quite  relaxed  and  devoid  of  wrinkles,  and 
covers  the  whole  eyeball.  The  higher  degrees  of  ptosis,  in  which  tho 
lid  hangs  down  in  front  of  the  pupil,  interfere  with  vision,  unless  the 
patient  lifts  up  the  lid  with  his  finger,  or  unless  it  is  possible  for  him 
to  draw  it  up  sufficiently  by  a  forced  action  of  the  frontalis  muscle. 
liy  the  contraction  of  the  latter  the  forehead  is  wrinkled  and  the  skin 
over  it  is  thus  contracted,  so  that  the  eyebrows  and  indirectly  the  upper 
lid  as  well  are  elevated.  But  since  this  elevation  is  not  sufficient,  the 
patient  is  iu  addition  compelled  to  throw  his  head  back,  because  then 
in  looking  forward  tho  eyes  are  directed  down,  and  thus  the  pupils  get 
to  lie  in  the  palpebral  Assure  even  though  lowered.  The  wrinkled  fore- 
head and  the  backward  pose  of  the  head  are  characteristic  of  i>crsons 
with  bilateral  ptosis. 

Ptosis  is  cither  acquired  or  congenital  in  its  occurrence.  Acquired 
ptosis  is  the  result  of  a  paralysis  of  that  branch  of  the  oculo-motor 
nerve  which  supplies  the  levator  palpebra»  superioris.  It  is  hence  often 
found  in  conjunction  with  paralysis  of  other  muscles  supplied  by  the 
ocnlo-motor  nerve.  The  cases  of  isolated  ptosis  without  any  other 
signs  of  ocnlo-motor  paralysis,  are  frequently  caused  by  central  disease. 

Congenital  ptosis  does  not  depend  upon  paralysis  of  the  uerve,  but 
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upon  a  deficient  development  or  the  entire  absence  of  the  levator  pal- 
pebrsB  saperioris,  due  to  8omc  anomaly  of  formation.  In  contradistinc- 
tion to  acquired  ptosis,  which  usually  affecta  only  one  eye,  it  is  goncrally 
bilateral.  Not  infrequently  is  it  transmitted  by  inheritance  through 
several  generations. 

As  regards  the  Ireattnml,  onr  endeavor  should  be,  in  acquired  ptosis, 
to  find  out  the  cause  of  the  paralysis  and  remove  it  by  suitable  weaa- 
uroä.  But  if  wo  have  to  do  with  a  ptosis  which  has  already  become 
inveterate,  or  if  it  is  congenital,  an  improvement  of  the  condition  can 
be  obtained  only  by  way  of  an  operation  (see  section  on  operations, 
§  173). 

Ersestiai.  Bi,EPnAnosPA8M. — In  hytterital  blcph&rospusm  both  eyes  shut  up 
sudiU^nly  avnd  without  any  known  cause.  It  may  take  some  hours,  but  it  may 
abo  take  days  and  even  month»,  bvforc  the  eyes  open  again,  which  they  do,  and 
just  OS  suddenly.  8uch  attacks  may  be  repeated  quite  often,  and  may  also  vary 
greatly  in  their  duration.  The  spasm  almost  always  affects  both  eyes ;  once  only 
have  I  seen  a  unibteral  hysterical  blepharosjjasm.  Other  symptoms  of  hjstrria 
often  cxnrt,  8imult:mcously  with  the  blepharosfiasm.  In  a  young  girl  who 
Buflcrcd  v,-\t\\  blcphiirospasm  of  this  sort,  and  whom  I  had  already  treated  in 
vnin  with  diff«  rent  remedies,  I  was  finally  successful  in  relieving  the  Ulcpharev- 
spasm  by  racans  of  a  single  instillation  of  cocaine:  but  a  few  minutes  after  tbf 
girl  had  opened  her  eyes  both  legs  became  paralyzed,  and  remained  ao  for 
several  days. 

In  tlio  examination  of  patients  with  hysterical  bleplinrospasm  it  is  often 
possible  to  find  so-called  pressurc-jwints— i.  e.,  portions  of  the  body  upon  which 
we  sim|»ly  have  to  ]»res,s  for  the  eyes  to  open  a.-i  if  by  magic  (Von  Qraefc).  In 
the  majority  of  cases  the  pressure-points  lie  in  the  region  of  the  trigeminus,  as 
at  the  |M)iiit  of  exit  of  the  supra-orbital  and  infra-orbital  nerves  nt  the  upfier 
and  lower  margins  of  the  orbit.  But  often  these  points  are  more  diflicuU  to 
find,  being  situated,  for  example,  in  the  cavities  of  the  nose,  the  mouth  (when 
there  nro  carious  teeth),  or  the  throat;  somstimes  the  pressure-point«  are  not 
found  aiiywhea'  in  the  region  supplied  by  the  branches  of  the  trigeminus.  Tbua 
coses  occur  in  which  the  blepharospasm  can  be  made  to  <1isn[ipoar  by  preuur» 
upon  one  of  the  costal  cartilages  or  the  vertebra',  or  u]k>u  some  s]>ot  of  the  arm 
or  leg,  etc.  Often  the  patient  himself  calls  the  physician's  attention  to  the  jxai- 
tion  of  the  pressure-points,  the  knowledge  of  which  he  has  already  utilized  for 
his  own  relief.  Themost  frequent  cases  are  those  in  which  the  patient  allay» 
the  blepharospasm  by  pressure  upon  the  forehead,  a  pressure  which  acts  upon 
the  branches  of  the  supra-orbital  nerve.  Young  men  wear  a  hat  with  a  stiff 
crown  which  they  press  down  hard  upon  their  face ;  girls  tie  a  ribbon  tight  about 
their  head,  ßut  oa  soon  aa  the  pressure  cca-scs— e.  g.,  by  taking  off  the  hat — 
the  eyes  shut  torrotber  again.  In  many  cases  diversion  of  (he  attention  toother 
things  autüccs  to  temporarily  relieve  the  blepharospasm. 

Senil«  blepharosjiasm  in  oftio  only  one  of  the  symptoms  of  a  general  spttsm 
of  the  face  (tic  convulslf ).  Of  the  two  form.'«  of  this  spiutm  the  clonic  variety 
is  the  lei«  disagreeable  for  the  patient,  because  fsight  is  but  little  interfered 
with  by  the  constant  winking.  Id  tonic  »posm  the  eyes  shut  suddenly  and 
remain  spasmodically  closed  for  some  minutes,     li  the  patient  is  attacked  by 
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this  spaam  in  a  crowd,  or  while  crowiing  the  street,  or  Tinder  other  such  like 
conditional,  he  is  helplcSvS  nnd  exposed  to  the  likelihood  of  nu  acddent.  In  .senile 
blephorcispasra,  too,  there  nrc  frequently  pressure-point»  which  influence  the 
epastn. 

Just  aa  the  normal  act  of  winking  is  set  up  in  a  reflex  way  by  irritation  of 
the  terminnl  extremities  of  the  trigeminus  upon  the  surfncc  of  the  eyeball,  eo, 
too,  blcphnrospasra  is  in  most  cases  of  reflex  nature.  This  is  beyond  doubt  the 
caue  in  symptomatic  blepharospasm,  in  which  the  irritation  of  the  trigeminus 
due  to  a  foreign  body,  to  iuflummation,  etc.,  is  obvious.  But  besides  this,  a 
reflex  action  starting  from  the  trigeminus  must  be  assumed  to  exist  in  the 
majority  of  cases  of  essential  blepharospasm  also.  A  proof  of  this  is  the  fact 
that  pressure  u[)oa  the  branches  of  the  trigeminus  so  often  abrogates  the  bleph- 
arospasm, and  that  at  the  same  time  the  prewiurc-points  themselves  are  fre- 
quently sensitive  to  pressure.  Treatment  hu«  therefore  the  greatest  prospect  of 
success  in  those  cases  in  which  it  is  possible  to  find  pressure-points,  as  then  we 
can  attack  directly  the  starting-point  of  the  reflex  action.  This  is  done  by 
applying  the  galvanic  current  to  the  pressure-points,  or  by  injecting  murphinc 
at  these  spots.  In  a  girl  in  whom  pressure  upon  the  vertex  relieved  the  bleph- 
arospasm the  inunction,  several  times  re])eated,  of  an  iudiflere:.t  ointment  (vera- 
trine  ointment)  upon  this  spot  sufQced  to  do  away  with  the  spasm.  If  no 
pressure-points  are  discoverable,  we  must  think  of  the  ."Jurface  of  the  eyeball 
itself  as  the  source  of  the  reflex  action.  We  can  try  to  render  this  insensitive 
by  cocaiae,  or  we  may  apply  the  galvanic  current  to  the  closed  lids.  lo  addi- 
tion we  employ  the  remedies  that  are  used  against  neuroses  in  general.  In  one 
case  of  senile  blepharosijasm,  in  which  everything  else  had  proved  futile,  the 
repeated  application  of  the  moxa  behind  both  ears  effected  a  permanent  cure. 
Id  th<i  most  obstinate  cases  we  may  proceed  to  stretch  or  resect  those  bruuchca 
of  the  trigeminus  from  which  the  reflex  starts.  Stretching  of  the  trunk  of  the 
facial  nerve  has  also  been  performed  quite  often,  although  the  results  on  the 
whole  have  not  been  very  satisfactory.  It  is  only  in  senile  blephnrosjjasm  that 
such  heroic  remedies  will  be  adventured  upon,  as  hysterical  bU-pharospoim 
always  passes  off  of  itself  in  the  course  of  time. 

Children  of  an  age  of  from  eight  to  fifteen  years  arc  frequently  brought  by 
their  parents  to  the  physician  on  account  of  a  habit  of  continual  winking, 
Thia  happens  not  infrequently  during  the  occurrence  of  a  slight  conjumttivitis, 
and  keeps  on  iadepeudently  after  the  latter  ha^  been  relieved.  For  the  most 
part,  in  this  case  we  have  to  deal  with  rather  anaemic  and  nervous  children. 
This  ufl'rction  — frequently  attributed  to  badness  by  the  parents— usually  pasaea 
off  of  itself  after  8on:ie  time. 

Repeated  fibrillary  contrjictiona  of  single  bundles  of  the  orbicularis,  which 
aro  appreciatiHÜ  by  the  patients  themselves,  occur  very  frequently  in  perfectly 
healtliy  persons  with  normal  eyes.  No  sort  of  significance  is  to  be  attributed 
to  them. 

Ptosis. — Congenital  ptosis  is  frequently  found  in  conjunction  with  other 
congenital  anomalies.  Among  the  latter  are  an  inability  to  look  up,  accounted 
for  by  a  delkjcnt  development  or  actual  abs*,nie  of  the  superior  rectus  (^Steiu- 
hcim),  ilnd  also  cpicanthus  (§  117). 

There  is  a  sort  of  i>tosw  which  develops  without  known  cause  in  women  of 
middle  age.  It  is  always  bilateral,  nnd  develops  so  gradually,  that  not  till  after 
a  scries  of  years,  is  it  pronounced  enough  to  cause  any  considerable  interfer- 
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cncc  with  vieion.  In  these  ca^ea  it  is  not  a  paralysis  of  the  nerrc,  but  a  prinuuy 
atrophy  of  muscle  itself  that  is  present. 

The  name  of  ptosi«  is  incorrectly  used  for  conditions  which  hare  nothing  to 
do  with  an  affection  of  the  levator  palpchrfle  superioria — c,  g.,  when  the  npjRT  lid 
droops  l>eoatiäe  it  has  become  heavier  in  consequence  of  thickening  due  to 
trachoma,  new  growths,  etc«  So  also  the  p(o»i»  adipumi  of  Sichel,  which  con- 
sists in  the  fact  tliat  the  covering  fold  of  the  upptT  lid  is  of  unusual  size,  so  as 
to  bang  down  over  the  free  border  uf  the  lid  in  the  region  of  the  palj^cbral  fis- 
sure, does  not  belong  under  the  head  of  ptosis  projwr.  It  was  formerly  assumed 
that  this  enlargement  was  caused  by  an  excessive  accumulation  of  fat  in  the  cov- 
ering fold,  for  which  rea.son  the  name  of  ptosis  adiposa  was  given  to  it.  Its 
true  cause,  however,  dc|>ends  upon  the  fact  that  the  bands  of  fascia  connecting 
the  skin  with  the  tendon  of  the  levator  (./"  Fig.  02)  and  with  the  upjier  margin 
of  the  orbit  are  not  rigid  enough;  consequently  the  skin  is  not  properly  drawn 
up  when  the  lid  is  raised,  but  hangs  down  in  the  form  of  a  flabby  pouch  i  llotz). 
Except  for  Che  db<tigurcmcnt  it  causes  ptosLs  adiposa  entails  no  disagreeable 
symplOEDS.  It  can  be  removed  by  simple  ablation  of  the  cxcea»  of  skin,  but  it 
is  better,  although  also  more  tedious,  to  attach  the  skin  to  the  upper  border  of 
the  tarsas  by  llotz's  ojK-ration.  and  thus  prevent  its  drooj>ing  (see  »cclion  on 
operations,  §  168). 

Both  paralysis  and  spasm  are  also  observed  in  the  anstriated  levator  or 
mvicHlu»  palpebraliji  luprrior  ni  MQller,  Paralysis  of  this  muscle  lie*  at  the  bot- 
tom of  that  variety  of  HÜglit  ptosis  wJiich  Ix'longs  to  the  group  of  symptoms 
induced  by  paralysis  of  the  sympathetic  (see  ])ago  308),  Spasm  of  the  muscle, 
manifested  by  drawing  up  of  the  U]qier  lid  and  dilatation  of  the  ]>alpcbnil 
fissure,  con  bo  excited  artiticially  by  the  iiust illation  of  cocaine.  Moreover, 
according  to  some,  the  elevated  poi^itioTi  uf  the  upper  lid  in  Basedow's  dineaae 
is  caused  by  a  spasm  of  Slüllcr's  muscle, 


VI.  Ikjlries  of  the  Lids. 

115.  Injuries  of  tho  lids  of  all  kinds,  including  pimple  contusions, 
inici3cd>  lacerated,  and  contused  wonnds,  bums  by  heat  or  caustics,  etc., 
are  very  frequent.  A  peculiarity  of  these  injuries  that  needs  U>  \k 
emphasized  is  that,  because  of  tho  great  ela-sticity  of  tho  skin  of  the 
lids  and  their  loose  attachment  to  the  subjacent  parts,  both  occhymosis 
and  a'dema  in  the  injured  lids  are  usually  much  more  considerable  than 
after  a  situilar  injury  iu  other  parts  of  the  body.  Accordingly,  we 
must  not  allow  ourselves  to  be  frightened  merely  by  the  great  swelling 
and  bluisli-black  discoloration  of  tho  lids,  as  these  appearances  aro 
often  enough  produced  by  comparatively  slight  contusions.  On  the 
contrary,  the  diagnosis  and  prognosis  should  not  be  pronounced  until 
after  a  careful  examination.  In  this,  three  points  are  chiefly  to  Iks 
considered :  solutions  of  continuity  of  tho  skin  of  the  lids,  injury  to  the 
subjacent  bones,  and  injury  of  the  eyeball. 

Solntionut  of  continuity  of  the  fkin  of  the  lids  present  n  varying 
aspect  according  to  their  direction.  Those  which  run  horizontal — i.e., 
parallel  to  the  line  of  fibers  of  the  orbicularis — gape  but  little,  so  that 
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the  lips  of  the  wound  often  lie  in  apposition  spontaneously.  But  if 
the  cut  or  rent  runs  in  a  direction  perpendicular  to  the  übers  of  the 
orbicularis,  the  wound  gapes  widely  in  consequence  of  the  retraction  of 
the  divided  bundles  of  the  muscle.  Consequently,  the  cicatrices  after 
horizontal  wounds  of  the  skin  of  the  lids  are  scarcely  visible,  while 
those  after  vertical  incisions  are  conspicuous  and  disßguring.  Hence, 
in  operations  upon  the  lids  the  rule  is  laid  down  that  all  incisions 
should,  wherever  possible,  be  made  parallel  to  the  course  of  the  fibers 
of  the  orbicularis.  The  worst  wound«  are  those  which  sever  the  lid 
in  a  vertical  direction  through  its  entire  thickness.  If  these  do  not 
unite  by  first  intention,  there  remains  an  indentation  of  the  border  of 
the  lid,  or  oven  a  deep  triangular  incision  in  it  (colobonia  palpebrte 
trauujiiticum).  By  this  the  complete  closure  of  the  lid  is  rendered 
impos.sible,  so  that,  in  addition  to  the  disfigurement,  a  permanent  epi- 
phora results  from  the  injury. 

The  proseueo  of  an  injury  of  the  snhjaccni  bone  is  determined  by 
palpating  the  margin  of  the  orbit  with  the  finger  through  the  swollen 
lid.  A  fracture  of  the  orbital  margin  is  manifested  by  uncvenncss  and 
special  sensitiveness  at  some  spot,  symptoms  to  which  in  many  cases  is 
added  distinct  crepitation.  A  certain  sign  of  injury  of  the  bone  is 
emphyseoin  of  the  lids.  This  consists  in  a  penetration  of  air  into  the 
cellular  tissue  beneath  the  skin  of  the  lid.  The  lids  then  have  a  pe- 
culiar soft  feeling  like  a  feather-bed,  and  at  the  same  time  we  get  in 
the  palpating  finger  a  sense  of  crepitation  due  to  the  displacement  of 
bubbles  of  air  beneath  the  pressure  of  the  finger.  The  air  comes  from 
the  cavities  surrounding  the  orbit — the  nasal  fosste,  the  ethmoid  cavi- 
ties, the  frontal  sinuses,  the  antrum  of  Highmore.  Its  presence  in  the 
subcutaneous  cellular  tissue  of  the  lids  hence  presupposes  some  ab- 
normal cummunication  between  the  latter  and  these  cavities,  such  as 
can  only  have  originated  througli  a  fracture  of  the  bone.  The  emphy- 
sema is  iucreased  by  blowing  the  nose,  straining,  and  coughing,  since 
in  the  performance  of  these  acts  the  air  in  the  nose  and  its  accessory 
cavities  is  put  under  greater  pressure,  so  that  more  of  it  is  driven  into 
the  subcutaneous  cellular  tissue. 

An  added  significance  is  imparted  to  wounds  of  the  lids  from  the 
fact  that  by  t!»eir  mutilation  the  nje  itself  may  be  exposed  to  danger. 
Througli  cicatricial  contraction  of  the  lids,  or  the  formation  of  fissures 
in  them,  lagophthalmus  and  consequently  iuflauiniation  of  the  cornea 
may  be  set  up. 

Tlic  treatment  of  injuries  of  the  lids  is  carried  un  according  to  gen- 
eral surgical  rules.  In  simple  ecchymosis  we  apply  cold  compresses 
with  lead-water.  In  emphysema  of  the  lids  the  air  contained  in  the 
tissues  usually  undergoes  re8ori>tlon  without  causing  any  ill  results. 
To  accclerato  resorption  a  compressing  bandage  is  indicated;  at  the 
same  time  the  patient  must  avoid  straining,  blowing  the  nose,  etc.,  in 
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order  not  to  drive  fresh  charges  of  air  into  the  tissue.  Becont  wonnds, 
the  edges  of  which  are  not  too  greatly  contused,  are  best  uuitöd  at  ooce 
by  sutures.  In  wounds,  the  edges  of  which  are  destroyed  by  contusion 
and  the  like,  we  apply  au  antiseptic  dressiiig  and  wait  for  the  necrotic 
portions  to  be  cast  off.  The  same  rule  holds  good  for  burns  and  in- 
juries caused  by  caustic  substances.  After  the  elimination  of  those 
portions  of  the  akin  that  have  been  destroyed,  granulating  raw  surfaces 
are  presented  to  view  which  cicatrize  over  and  thus  lead  to  a  contraction 
of  the  lids.  To  combat  this,  wo  proceed  precisely  as  has  been  laid  down 
for  the  treatment  of  destruction  of  the  skin  by  iuflammation  (sec  page 
471). 

Ecehymotet  are  usually  pretty  sharply  limited  at  n  line  corresponding  to  tlie 
margin  of  the  orbit,  bt-cuuiM!  the  skin  is  attached  to  this  by  rigid  conuectivc 
tissue  which  prevents  the  further  advance  of  the  blot>d.  On  the  otIuT  hi4nd.  the 
blood  not  iufrt!(|ucntly  travels  bcneiith  t!ie  skin  of  the  dorsum  of  the  nose  orci 
to  tlie  other  side.  An  ecchymosLs  is  then  found  in  the  lids  of  the  other  eje 
also.  As  the  skin  upon  the  dorsum  of  the  nose  is  thick,  it  frc(]ucntly  does  not 
permit  the  bluod  to  be  seen  through  it,  so  that  we  do  not  notice  the  bridge 
oonncctinjif  the  ccchyraosis  of  one  eye  with  that  of  another.  We  might 
then  easily  l>c  induced  to  believe  that  the  injury  hud  aifected  the  other  «je 
also,  a  thing  winch,  however,  can  be  excluded  with  certainty  in  maoj  caaes 
— c.  g.,  when  sugillution  of  the  lids  of  one  side  sets  in  after  enucleation  of  the 
other  eye. 

A  similar  migration  of  extravasated  blood  Ls  observed  mfrarturc*  ofihe  hue 
of  the  atull.  The  blood  oozes  forward  from  the  site  of  the  fracture  and  tra^'ela 
along  the  floor  of  the  orbit.  It  then  makes  its  appearance  some  time  after  the 
injury  under  the  form  of  an  ccchyraosis  in  the  lower  part  of  the  conjunctiva 
of  the  eyeball,  ond  also  on  the  lower  lid  close  to  the  murgin  of  the  orbit,  par- 
ticularly in  the  region  of  the  inner  angle  of  the  eye.  This  symptom,  although 
it  is  not  present  in  all  cases,  i»  of  great  importance  for  the  diagnosis  of  fracture* 
of  the  base. 

i^NMitaiMMMecchymoses  sometimes  occur  in  the  lids,  in  the  same  way  aa  tliey 
do  in  the  conjunctiva,  from  violent  straining,  excessive  coughing,  and  the  like 

Extravasations  of  blood  into  the  lids,  instead  of  diMippcaring  by  resorption, 
may  go  on  to  mppurntion,  so  that  an  abscess  of  the  lids  develops.  This  is  jwvr 
ticularly  to  be  apprehended  when  there  is  nt  the  some  time  a  solution  of  con- 
tinuity of  the  skin  of  the  lids,  through  which  infectious  gcnas  may  [»cnctrat«.' 
into  their  tissue. 


VII.  Tumors  of  the  Lids. 

118.  {a)  Benign  Tumors.— X««///«-///^«/«*  is  a  flat  tumor  of  a  dirty 
sulphur-yellow  color  and  projecting  but  little  above  the  skin  of  the  lid. 
It  is  found  most  frequently  on  the  npper  and  lower  lids  in  the  neigh- 
borhood of  the  inner  angle  of  the  eye;  in  this  situation  the  tumors  are 
often  located  symmetrically  on  the  two  sides  of  the  eye,  like  the  yellow 

*  From  (oyS^i.  yellow,  and  tXmrfia,  pUte.    It  is  also  called  xanthomfti 
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spots  above  the  eyes  of  the  dachshund,  Xantliclasmata  occur  in  elderly 
persons,  particularly  of  the  feiimle  sex.  They  grow  very  glowly,  and 
have  nu  bad  result  besides  the  diöß^uremeut  they  cause,  which,  more- 
over, affords  the  only  reason  for  their  removal  by  operation,  as  is  some- 
times done. 

Molluscum  contagiosum  is  a  small,  rounded  tumor,  the  surface  of 
which  is  somewhat  flattened  and  has  an  umbilicatcd  depression  in  its 
center.  From  this  a  anhstauco  resembling  sebum  is  evacuated  upon 
pressure.    This  form  of  nioUuecum  is  contagions. 

Molluscum  simplex  (fibroma  molhiscuni)  is  a  tumor  of  the  skin 
which  is  attjiched  by  a  pedicle  to  the  skin  of  the  lids  and  hangs  down 
like  a  pouch. 

Warts  and  cutaneous  horns  are  also  observed  on  the  lids. 

Among  cijsts^  milia,  atheromata,  and  dermoid  cysts  occur.  The 
Intter,  which  may  attain  pretty  large  dimensions,  will  receive  a  more 
detailed  description  under  the  head  of  affections  of  the  orbit  (§  135). 
On  the  borders  of  the  lids  small,  transparent  cysta  are  frequently  met 
with,  which  have  developed  from  occluded  sweat-glands  in  the  border 
of  the  lid  (glands  of  Moll). 

The  vascular  tumors  (angiomata)  arc  found  in  the  lids  under  the 
two  forms  of  telangiectases  and  of  tuiiiorcs  cavernoai.  The  former  are 
bright-red  spots  situated  in  the  skin  of  the  lid  itself.  The  latter  lie 
beneath  the  skin  of  the  lid,  which  they  huJge  forward  and  through 
which  they  can  bo  seen  shining  with  a  bluish  luster.  They  consist  of 
a  convoluted  mass  of  large-sized  blood-vessels  which  can  be  felt  and 
compressed  through  the  skin  ;  the  arteries  running  to  the  tumors  are 
dilated.  Vascular  tumoi-s  are  usually  congenital,  but  they  develop  still 
more  extensively  after  birth,  and  sometimes  attain  such  a  size  that  they 
cover  a  gre4it  part  of  the  face,  and  alt^o  pass  backward  over  upon  the 
conjunctiva  and  the  tissues  of  the  orbit.  For  this  reason  they  should 
be  removed  ixs  early  as  possible.  In  doing  this  our  prinnipnl  care  must 
be  to  destroy  the  skin  of  the  lids  over  as  small  an  area  as  possible,  as 
otherwise  we  might  get  shrinking  of  the  skin,  with  ectropion  and 
lagophthalmus.  For  this  reason  the  simplest  procedure — namely,  excis- 
ion of  the  tumor — is  usually  unadrisable,  as  in  doing  it  we  should  have 
to  sacrifice  too  niuch  skin  ;  furthermore,  the  great  bleeding  that  is  asso- 
ciated with  tho  operation  is  sometimes  dangerous  in  small  children, 
with  whom,  as  a  rule,  we  have  to  deal.  We  destroy  small  teleangiectases 
by  cantcrizing  them  with  fuming  nitric  acid  or  by  heat,  apj>lied  by 
means  of  the  thermo-cautery  or  the  galvano-cantery  loop.  In  large 
teleangiectases  it  is  sufficient  to  scar  the  tumor  along  a  number  of  lines, 
since,  by  tho  cicatrization  that  follows,  the  intervening  vessels  which 
have  not  been  destroyed  are  obliterated.  In  cavernous  tumors  I  have 
seen  the  best  results  from  the  application  of  electrolysis.  Tho  two 
poles  of  a  constant-current  battery  are  armed  with  needles;  these  are 
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introduced  into  the  tumor  at  two  different  points,  and  then  the  car- 
rent  ia  passed  tlirough  them.  As  a  consequence  of  the  decomposi- 
tion of  the  lliiida  of  the  tissues  produced  hy  the  galvanic  current,  the 
blood  coagulates  in  the  vessels,  which  consequently  become  obliterated. 
Several  sittings  are  always  required  for  the  complete  removal  of  tJie 
tumor. 

(b)  MaligTiant  Tumors. — Varcinomala  occurring  in  the  lids  arc,  as 
a  rule,  epilholiomata,  which  start  from  the  skin  of  the  lid,  particularly 
from  that  of  its  border.  Subsequontly  they  ])as8  over  npon  tho  eyeball 
and  even  penetrate  into  the  dejxth  of  the  orbit.  Sarcomata  develop 
from  the  connec:tive- tissue  portion  of  the  lids,  particularly  the  tarsus, 
and  are  often  pigmented  (meluuü-sareonmta).  With  malignant  tumors 
wo  find  un  enlargement  of  the  lymphatic  glands,  occurring  first  in  the 
gland  in  front  of  the  ear,  afterward  in  the  glands  along  the  lower  jaw 
and  in  the  neck.  The  extirpation  of  tumors  is  conducted  according  to 
the  well-known  rules.  If  in  its  performaneo  so  much  of  the  lid  must 
bo  sacrificed  that  the  eyeball  as  a  consequence  remains  uncovered,  a 
Bubslituto  for  the  palpebral  skin  which  has  been  destroyed  must  bo  pro- 
curt'd  Ijy  a  blejiluinqtlasty  done  immediately  after  tho  removal  of  the 
new  growth.  In  extensive  tumors  it  is  often  necessary  to  remove  the 
eyeball,  and  even  the  entire  contents  of  the  orbit. 

The  fat  cancers  of  the  skin  which  not  infrequently  occur  upon  the  lida 
require  particular  monlüjn.  In  these  cases  there  is  found  a  shallow  ulcer  with 
an  uneven  floi>r  and  irregulär,  nithcr  hard  wnlla.  The  iuliltration  of  the  walls 
of  tlio  ulcer  is  the  only  chivracteristic  sign,  for  there  is  bo  tumor  in  the  proper 
■ense  of  the  word,  nnd  for  tins  rcnson  ino.xporienced  observers  readily  mifit«ko 
the  true  nature  of  the  lesion,  which  is  tiothinf»  else  than  an  epithelial  carcinonw. 
The  ulcer  advancca  in  one  direction  while  it  cicatrizes  on  the  side  opposite,  for 
which  reason  it  has  been  railed  by  tiie  name  of  uhu»  rodent.  It«  progress,  how- 
ever, ia  extremely  slow,  ai>  that  such  tumors  often  hut  many  years  before  attain- 
ing any  great  Bizc. 

In  consideration  of  tlie  complicated  structure  of  the  lida,  in  whirl»  such  a 
manifold  variety  of  tisäues  take  part,  it  should  not  surprise  us  that  tho  mod 
«liMimilar  kinds  of  tumors  should  at  times  come  under  observation  in  them.  A»l 
nm  occurrences  there  have  been  observed  fibrnmatn,  onchondrumata.  lipomata, 
c«ni>ntoit»  lyniphangiomata,  plexiform  neurofibromata,  adenomata  of  the  Bcba- 
o(H<«i*  plftudt  (inclnelin};  the  Meibomian  glands  and  the  glands  of  Krause)  of  tho 
«wmtt  gUnd»,  and  of  the  glands  of  Moll,  and  la.stly  glandular  c&rcinomat*. 


VIII.  CoxoEJfiTAL  Anomalies  of  the  Lids. 

117«  Bj  cotoboma  of  the  lid  is  meant  a  fissure  in  it^  having  ap- 
M^ttMMtdjT  the  «ha|>e  of  a  triangle,  the  base  of  which  corresponds  to 
«^  Vlrflt  o(  the  lid,  while  its  apex  looks  toward  the  margin  of  tho 
f^i\  OikibMiui  is  either  congenital  (coloboma  congenitum)  or  is 
k<S'*4^  Mn|(  then  produced  by  injury  (coloboma  traumaticam). 
V^MiMMIiI  TOtobomn  is  on  tho  whole  rare,  and  is  observed  of  toner  in  the 
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upper  than  in  the  lower  lid.    Sometimes  it  is  found  in  conjunction 
with  a  dermoid  tumor  of  the  cornea  (see  page  115). 

Under  the  name  of  epicanthus  is  denoted  a  fold  of  skin  which  juts 
out  on  both  sides  of  the  dorsum  of  the  nose  and  projects  over  the 
inner  angle  of  the  eye  so  as  partly  to  cover  it  In  the  Mongolian  races 
a  moderate  degree  of  epicanthus  is  the  rule,  and  produces  the  charac- 
teristic appearance  of  the  palpebral  fissure  in  these  men.  In  the  Cau- 
casian race  there  is  not  infrequently  observed  in  children  a  slight 
degree  of  epicanthus,  which  disappears  again  when,  in  the  process  of 
growth,  the  dorsum  of  the  nose  becomes  more  prominent  Higher 
degrees  of  epicanthus,  which  persist  all  through  life,  must  be  regarded 
as  a  deformity,  and  are  sometimes  found  in  connection  with  other  con- 
genital defects  (e.  g.,  ptosis).  The  fold  of  skin  forming  the  epican- 
thus disappears  if  we  pick  up  the  skin  upon  the  dorsum  of  the  nose 
into  a  vertical  fold  and  thus  shorten  it  in  a  horizontal  direction.  Upon 
this  observation  depends  the  operation  for  epicanthus  recommended  by 
Ammon,  which  consists  in  the  excision  of  an  elliptical  piece  of  skin 
upon  the  dorsum  of  the  nose.  We  may  also  excise  the  projecting  fold 
of  skin  itself  (Arlt). 

Among  anomalies  of  the  lids  which  arc  sometimes  of  congenital  occurrence, 
the  following  also  must  be  mentioned :  Ptosis,  dbtichiasis,  abnormal  shortness 
of  the  lids,  and,  as  the  extreme  degree  of  the  latter  condition,  entire  absence 
of  the  lids  (ablepharia) ;  furthermore,  Symblepharon,  ankyloblepharon,  and  the 
condition  in  which  the  eye  is  completely  covered  by  the  external  skin,  which 
replaces  the  lids  and  forms  a  uniform  covering  for  the  aperture  of  the  orbit 
(cryptophthalmus  of  Zchendcr) ;  and,  lastly,  cysts  in  the  lower  lid,  in  the  case 
of  microphtbalmus. 


CUAPTER  XIII. 
DISEASES  OF  THE  LACURYMAL  ORGANS. 

Anatomy  and  Physiolooy. 

118.  Thf  liichrytnal  organs  consist  of  the  lachrymul  glund  and  the 
lochrvmal  piissageB. 

The  hfhrifmal  yland  {g\nwi\\.\\(\.  lacrimalis)  iaan  acinous  gland  wliich 
QOOsistä  of  two  divisions.  Th«  larger  of  these,  known  as  the  superior 
lAchrvmuI  gland,  lies  in  the  upper  external  angle  of  the  orbit  in  a  do- 
prwtfion  in  the  bony  wall  of  the  latter,  the  fossa  glandule  larrimnlis. 
The  exorotory  ducts  of  the  superior  lachrymal  gland  pass  downward 
and  empty  into  the  external  half  of  the  superior  fornix  conjunctive. 

The  aocond  division  of  the  hiehrymul  gland — the  inferior  lachrymal 
jjIju^I — ig  much  smaller,  and  consists  only  of  one  or  two  lobules»  for 
which  riHUton  it  is  also  known  as  the  accessory  lachrymal  gland.  Its 
lohuU'«  lio  along  the  excretory  ducts  of  the  superior  gland  directly  be- 
nr>Ath  (ho  niucous  membrane  of  the  fornix.  If  the  upper  lid  is  everted 
«nit  At  the  sanu'  lime  the  eye  is  made  to  look  downward,  we  often  see 
Uu»  tvnjuuotivu  of  the  fornix  in  the  vicinity  of  the  outer  angle  of  the 
\\s\  pu«ht«d  forward  by  a  soft  moss  which  is  in  fact  the  accessory  lochry- 

I  ii-ymal  piMMges  begin  with  the  puncta  lacrimalia.     These 

'1^  Ml  Iho  fi*«'»'  border  of  the  upper  and  lower  lid  (upper  and  lower 
MMMotauk)  »ud  uoai'  the  inner  extremity  of  the  lid  at  the  spot  where  the 
mfw*  UMiuiuatt's  ( /I,  Fig.  03),  They  are  situated  upon  small  elevation?, 
tKv  Uoh»'Vmal  papilla»  (pupillo!  lacrimales),  and  form  the  orifices  of  the 
s<^M»h\udi  luorimales.  These  latter,  starting  from  the  puncta,  run  at 
^f%\  \>Mlloally  for  a  short  distance — i.  e.,  in  the  upjier  lid  run  upward 
«kU^  \\\  Iho  lower  lid  downward  ;  then  they  bend  at  a  right  angle  and 
U><.i^iMs'  dim-ted  toward  the  lachrymal  sac.  In  so  doing  they  flrst 
iiii4«t  U'hUvd  like  caruncle,  and  converging  more  ond  more,  at  length 
^yj^vh  0'  '  '"»'»I  ««•'•  ^fito  this  they  empty,  either  separately  or 
«k(Wl  K«>  •'!  t"  f<»>"f"  ^  short  common  trunk. 

Thi»  UuhrtfiHitt  .«I«'  (-«locds  laerimalis)  lies  in  the  inner  angle  of  the 

■'       !<'ft  (fo*iM»  wu'i'i  lacrimalis)  which  the  lachrymal  bone  forms 

tioh.     Tlu<  huhrynial  bone  bounds  the  lachrymal  sac  (.9, 

t  ^>u  ih»'  iu»ido,  while  to  the  front  and  outside  it  is  inclosed  by 

.     brnueluvi  of  the  ligampiitiun   puljie)  .-ulo  internum  («  and  /i, 
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Fig.  9;i).  This  relation  of  the  lachrymal  sac  to  the  internal  palpebral 
ligament  enables  us  to  determine  the  position  of  the  former — a  matter 
which  is  of  importance  when  operations  are  concerned.  If  by  drawing 
the  lids  outward  we  put  them  on  the  atreteh  and  so  cause  the  palpebral 
ligament  to  projectj  the  lachrymal  sac  lies  behind  the  latter,  and  in  such 
a  way  as  to  rise  just  above  it  by  its  summit  or  fundus. 

At  the  spot  whore  the  cleft  of  the  lachrymal  bone  merges  into  the 
bony  canal  the  lachrynud  sac  passes  into  the  nasal  or  lachrymal  duct 
(ductus  lacrimalis).  The  point  where  this  transition  occurs  constitutes 
the  narrowest  part  of  the  whole  lachrymal  channel,  and  is  therefore 
particularly  liable  to  the  formation  of  pathological  contractions  (strict- 
ures). From  this  point  the  laciiryraal  duct  passes  downward  and 
empties  into  the  nasal  fossa  below  the  inferior  turbinated  body.  In 
its  downward  course  the  lachrymal  duct  deviates  a  little  backward 
and  outward  from  the  vortical.  Hence,  the  two  lachrymal  channels 
diverge  as  they  go  down,  the  lachrymal  sacs  being  less  far  apart  than 
are  the  lower  orifices  of  the  lachrymal  ducts.  Wc  can  represent  the 
course  of  the  lachrymal  channel  on  the  living  subject  by  placing  a 
straight  sound  in  such  a  way  as  to  lie  at  its  upper  part  upon  the  middle 
of  the  internal  palpebral  ligament,  and  below  upon  the  furrow  forming 
the  boundary-line  between  the  check  and  the  alaj  of  the  nose.  This 
Bound  gives  precisely  the  direction  of  the  lachrymal  duct  (Arlt).  If 
•we  place  a  sound  in  this  way  on  each  side  of  the  nose,  we  see  how  the 
sounds  diverge  as  they  go  down,  and  we  can  readily  convince  ourselves 
that  the  degree  of  divergence  difTers  in  different  individuals.  The 
divergence,  in  fact,  depends  upon  the  breadth  of  the  root  of  the  noso 
on  the  one  hand,  and  upon  the  breadth  of  the  inferior  nasal  orifice  on 
the  other.  These  facts  are  of  importance  with  regain!  to  the  operation 
of  sounding  the  lachrymal  duct,  in  the  performance  of  which  the  sound 
must  bo  pushed  along  in  the  direction  of  the  duct. 

The  mucous  membrane  of  the  lachrymal  sac  and  that  of  the  lachry- 
mal duct  forms  one  continuous  whole.  There  is,  therefore,  no  sharp 
dividing  line  between  these  two  structures.  They  are  mainly  distin- 
guished by  the  fact  that  the  laohrynial  sjic  lies  against  bone  (the  lach- 
rymal bone)  at  one  side  only,  and  everywhere  else  is  free,  while  the 
lachrymal  duct  is  inclosed  ou  all  sides  by  bony  walls.  It  follows  from 
this  that,  in  engorgement  of  the  lachrymal  channels  with  fluid,  it  is 
only  the  lachrymal  sac  which  is  distended  so  as  to  apjiear  as  a  visible 
swelling  at  the  inner  angle  of  the  eye.  The  lachrymal  duct  can  not  be 
distended ;  on  the  contrary,  it  is  the  favorite  seat  of  constrictions,  which 
again  do  not  occur  in  the  lachrymal  sac.  The  formation  of  these  con- 
strictions is  facilitated  by  the  fact  that  a  dense  ple.xus  of  wide  veins, 
analogous  to  the  venous  plcvusea  beneath  the  mucous  membrane  of  the 
inferior  turbinated  body,  is  interposed  between  the  mucous  membrane 
of  the  lachrymal  duct  and  the  bony  wall.     The  swelling  of  these  veins 
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is  alone  sufficient  to  contract  or  to  close  entirely  the  lamen  of  the 
duct. 

Tho  lachrymal  passages  are  always  filled  willi  a  small  quantity  of 
lat  hrymni  fluid.  If  air  is  found  in  them,  it  is  to  be  regarded  as  n 
l>alhological  condition. 

The  lachrymal  secretion  contains  only  a  few  solid  constituents,  the 
main  part  uf  which  is  sodium  chloride  (hence  "  salty  "  tear^).  In  the 
normal  state  the  lachrymal  gland  secretes  scarcely  any  more  liquid 
than  is  lost  hy  evaporation  from  the  surface  of  the  eyeball,  so  that  but 
very  small  quantities  of  fluid  are  discharged  into  the  nose.  It  is  only 
when  the  secretion  is  increased,  either  in  consequence  of  psychical 
stimulation  or  of  irritation  of  the  eye,  that  any  considerable  quantity 
of  tears  is  discharged  into  the  nose,  where  its  presence  is  manifested  by 
repeated  blowing  of  the  nose. 

Tlie  moistening  of  the  eyeball  is  not  due  to  tho  lachn,Tnal  glands 
alone.  Tho  secretion  of  the  conjunctiva  itself,  and  also  of  its  mucous 
glands  (Krauso's  and  Waldeyer's  glands),  participates  in  the  perform- 
ance uf  this  act.  Ilence  it  follows  that  even  after  removal  or  degenera- 
tion of  tho  lachrymal  gland  the  eye  does  not  become  dry.  Moreover, 
tho  hws  of  the  lachrymal  gland  often  affects  only  its  superior  portion, 
»0  that  the  »ccessory  lachrymal  gland  remains  intact. 

In  the  lowhiction  of  tear»  into  the  nose  there  are  two  factors  to  be 
eon«idered  :  the  entrance  of  the  tears  into  the  lachrymal  sac,  and  their 
transmission  from  tho  latter  to  the  nose. 

(ri)  The  conveyance  of  tears  through  tho  puncta  into  tho  lachrymal 
■ao  is  effected  by  the  act  of  winking.  This  takes  place  in  such  a  way 
that  the  palpebral  fissure  is  closed  by  a  movement  beginning  at  the 
outer  and  extending  to  the  inner  angle  of  the  eye.  In  this  way  the 
tears  are  collected  from  the  surface  of  the  eyeball  and  forced  toward 
the  inner  angle  of  the  eye,  since  they  can  not  flow  off  over  tho  border 
of  the  lids  owing  to  the  way  in  which  the  latter  is  lubricated  with 
fatty  matter.  They  accumulate  in  the  horseshoe-shaped  notch  in  the 
inner  angle  of  the  eye,  and  form  the  lucns  lacrimalis  into  which  the 
puncta  (li]>.  If  there  is  a  perfect  and  water-tight  closure  of  the  lids, 
the  ])ii>ü3ure  exortod  hy  tlie  latter  at  length  forces  tho  tears  into  the 
puncta.  Tho  passage  of  tho  tears  into  the  lachrymal  sac  is  facilitated 
by  the  jvutsivi«  dilatation  of  tho  latter  that  occurs  as  the  lid  is  closing; 
for  the  ftlH^rs  of  the  palpebral  portion  of  the  orbicularis  arise  iu  part 
from  tho  iutornal  palpebral  ligament  (Horuor's  muscle,  if.  Fig.  93), 
and  henco,  in  contracting  as  they  do  during  the  closure  of  tho  lidu, 
draw  tho  ligament  away  from  the  lachrymal  bone.  The  anterior  wall 
of  the  lachrymal  sac  whicli  is  connected  with  the  palpebral  ligament 
is  drawn  up  at  the  same  time  with  it,  so  that  the  lachrymal  sac  is  dilated 
atul  the  contents  of  the  canaliculi  are,  so  to  speak,  sucked  into  it. 
{b)  The  conveyance  of  the  tears  from  the  lachrymal  sac  into  the 
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nose  is  due  partly  to  the  constant  entrance  of  other  charges  of  tears 
from  the  canalictjli  and  partly  to  the  weight  of  the  fluid ;  but  the 
chief  part  in  the  process  is  performed  by  the  olasticity  of  the  luchrynml 
sac.  In  virtue  of  tliis  flasticity  the  eac  when  distended  by  tlie  tears 
tends  to  contract  again  and  thus  expels  the  tears.  Hence,  in  those 
pathological  cases  in  which  the  lachrymal  sac  has  lost  its  elasticity 
(atony  of  the  sue)  we  observe  that  the  conduction  of  tears  downward  is 
arrested,  even  though  the  nasal  duct  is  completely  pen'ions. 

The  mucous  mcmbraDe  of  the  conaliculi  is  lined  with  lamicated  pavement 
epithelium,  that  of  the  laclirvmal  e.ac  and  nasal  duct  with  n  single  liijcr  of 
cylimlriciil  t'pithclium.  Acinous  mucous;  glanda  nre  frc(|Uoiitly  found  in  tlie 
latter.  The  nuirnus  menibraue  at  tlifffrent  spots  projects  in  thf  form  of  fohla 
into  the  hinien  of  the  Ijichrymat  passages — a  phenonu-uon  whioli  hn«  bt-cn  de- 
scribed as  a  formation  of  valves.  The  largest  of  these  folds  is  Hasncr's  valve,  ut 
the  lower  orifice  of  the  nasal  duct.  This,  however,  is  not  a  true  vulve,  any  more 
than  arc  the  others — that  is,  not  a  valve  which  could  clfjse  up  the  lumen  of  the 
lacliryraal  channel.  On  the  contrary,  it  is  »imply  a  fold  produced  by  the  grout 
obliiiuity  witli  whicli  the  nasal  duct  passes  through  the  mucous  nitmbmne  of 
the  mual  fossa.  Like  the  other  folds  of  mucous  membrane  in  the  lachrymal 
passages,  it  is  not  of  constant  occurrence. 

Duplication  of  the  puucta  and  canaliculi,  and  also  their  abs«ncc,  have  been 
recorded  as  congenital  anomalies. 

Different  theories  have  been  put  forth  to  account  for  the  tmnsmtssion  of 
tears  into  the  nose.  It  i."*  certain  that  perfect  closure  uf  the  lid.s  fomis  an  indis- 
pensable Condition  fnrthc  conduction  of  ti-ars.  If  this  closure  is  interfered  with 
— e.  g.,  by  iwimlysis  of  the  orbicularis,  «liortcniug  of  the  lids,  notching  of  the 
border  of  the  lid,  etc. — epiphora  at  once  makes  its  a[(pearance.  The  passage  of 
tears  into  the  lachrymal  sac  tjikes  place  even  wlien  the  rest  of  the  way  to  the 
nose  is  cut  off  by  the  obliteration  of  Uic  nu.sal  duct.  Hence  it  foHows  that  the 
tears  are  not  sucked  into  the  lachrymal  sac  through  the  rarefaction  of  the  air  in 
the  nose  during  inspiration  (aspiration  theory  of  E.  II.  Weber  and  Hasner). 

I.  Blennoiirh(ea  of  the  L-iicnRYiiAL  Sac. 

11Ö.  Symptoma. — The  patient  comes  with  the  complaint  of  the  tears 
running  over  (epiphora*).  On  careful  inspection  we  notice  that  the 
skin  in  the  region  of  the  lachrymal  sac  protrudes  so  as  to  appear  fuller 
than  on  the  other  side.  This  swelling — tumor  lacrimalis — is  caused  by 
the  lachrymal  sac  being  distended  by  the  exoos.sive  accumulation  of  its 
contents.  When  pressure  is  made  upon  the  tumor  the  contents  are 
evacaated  externally  through  the  puncta,  and  appear,  in  recent  cases, 
under  the  form  of  a  purulent,  in  older  eases  as  a  niueous  or  even  limpid 
liquid.  Sometimes,  when  pressure  is  made  upon  the  lunlirymal  sac,  the 
contents  are  forced  not  through  the  puncta  but  downward  through  the 
nose,  in  which  case  we  do  not  get  a  view  of  them.     Associated  with 

•  From  hn^fMffOat,  to  rush  upon.    We  also  say  iUacrimatio  or  ttillicidium  (from 
ttütoy  drop,  and  eadere,  to  (all). 
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these  symptoms,  which  aro  an  evidence  of  distention  and  abnormalit 
in  the  secretion  of  the  lachrymal  sac,  is  a  contraction  (stricture)  of  thi 
nasal  duct.  The  proof  of  this  is  produced  when  we  attempt  to  explore 
the  duct  with  a  Bowman's  sound,  in  doing  which  we  come  upon  a 
spot  where  the  duct  is  contracted  or  even  altogether  obliterated. 

Etiology. — The  immediate  cause  of  a  blennorrhoea  of  the  lachrymal 
sac  is  a  stricture  of  the  nasal  duct.  Such  a  constriction  may  bo  pro- 
duced, for  example,  by  a  swelling  of  the  mucous  membrane  of  the  nnsal 
duct.  The  tears  can  then  no  longer  be  fully  discharged  into  the  nose. 
But  as  new  tears  are  constantly  being  forced,  by  the  act  of  winking,  into 
the  lachrymal  sac,  the  latter  becomes  more  aud  more  filled  up  and  dis- 
tended. The  lachrymal  fluid  that  thus  accumulates  in  the  sac  soon 
decomposes.  The  tears,  iu  fact,  carry  with  them  from  the  surface  of 
the  eyeball  a  quantity  of  germs,  which  find  the  best  conditions  for  their 
development  within  the  lachrymal  sac  in  the  fluid  which  remains  stag- 
nant there,  and  which  is  kept  at  the  temperature  of  the  body.  As  a 
nuittcr  of  fact,  the  contents  of  the  lachrymal  sac  iu  blennorrhopa  of  the 
latter  are  seen  under  tlic  microscope  to  swarm  with  micro-organisms  of 
all  kinds.  The  decomposed  fluid  acta  as  an  irritant  upon  the  mucous 
racmbrauc  of  the  sac,  which  undergoes  inflammation  aud  throws  out  a 
pyoid  secretion  that  mixes  with  the  tears  that  stagnate  in  tbo  sue.  The 
contents  of  the  sac  thus  grow  constantly  more  turbid  and  ultimately  re- 
semble pus.  Blennorrho:?a  of  the  lachrymal  sac  it?,  hence,  nothing  but  a 
catarrhal  iuflamraation  of  the  mucous  membrane  of  the  sac.  The  name 
blennorrhrea  is  correct  only  iu  so  far  as  it  signifies  purulent  discharges 
in  general ;  and  it  would  be  a  mistake  to  think  in  this  councction  of  a 
specific  inflanunntion  of  the  mucous  membrane  of  the  lachrymal  sac 
analogous  to  blenuorrhu.'a  of  the  uretlira  or  of  the  conjunctiva.  This 
is  proved  by  the  fact  that  wc  can  evacuate  the  puruleut  secretiou  of  the 
lachrynuil  sac  aa  often  as  we  choose  by  pressing  upon  it,  without  any 
blennorrhom  of  the  conjunctiva  ever  developing  in  consequence.  The 
secretion  of  the  blennorrhceal  lachrymal  sac,  therefore,  possesses  no 
specific  poisonous  property;  it  is  only  virulent  iu  the  sense  that  all 
purulent  or  decomposed  fluids  are — i.  e.,  in  containing  pus-cocci  in 
great  numbers.  Hence,  iu  blennorrhcea  of  the  lachrymal  sac,  iufection 
of  ulcers  of  the  cornea  readily  occurs,  so  that  abscesses  of  the  cornea 
develop. 

The  constriction  of  the  nasal  duct  which,  from  what  has  been  said, 
forms  the  starting-point  for  blennorrhoea  of  the  lachrymal  sac,  develops 
as  a  rule,  in  consequence  of  affections  in  the  nasal  cavity.  Such  affec- 
tions are :  1.  Inflammation  of  the  nanal  mucous  membrane.  Under  this 
head  belongs  coryza  in  its  various  forms,  whether  acute  or  chronic,  and 
whether  a  simple  catarrhal  trouble,  or  one  of  scrofulous  or  syphilitic 
origin.  In  these  cases  a  swelling  of  the  mucous  membrane  of  the  nose 
exists,  which,  owing  to  the  presence  of  the  submucous  cavernous  tissue. 
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may  very  readily  reach  quite  a  high  degree,  so  that  the  nasa!  cavity  is 
rendered  impermeable  by  it.  The  swelling  extends  by  continuity  to  tbe 
niucrjus  trK'mbnine  of  the  nasal  duct,  being  particularly  due  to  the  en- 
gorgement of  the  numerous  veins  lying  beneath  the  tatter,  an  engorge- 
ment which  of  itself  is  sufficient  to  close  the  lumen  of  the  nasal  duct, 
lu  the  ordinary  form  of  ozfeua  (rhinitis  atrophicans)  there  is  no  swell- 
ing, but  a  cicatricial  contraction  of  the  na.sal  mucous  membrane, 
which  may  be  continued  from  the  inferior  orifice  of  the  nasal  duct 
into  the  latter  and  may  thus  lead  to  ita  constriction.  2.  Ulcern,  such 
as  those  which  are  apt  to  be  associated  with  the  scrofulona  and  specific 
inflammations  of  the  nasal  mucous  membrane,  and  also  lupous  ulcers. 
As  the  ulcers  heal,  cicatricial  constriction  or  even  obliteration  of  the 
uasul  duct  takes  jdace.  Tliis  is  the  more  to  be  apprehended  if  the  sub- 
jacent bones  are  also  implicated.  3.  Titniors.  These  may  conceal  the 
lower  orifice  of  the  niisal  duet,  and  thus  cause  stoppage  of  the  flow  of 
tears.     The  mo.st  frequent  tumors  of  this  kind  are  polypi. 

Course.  —  IMcnuorrhaja  of  the  lachrymal  sac  is  an  eminently  chronic 
disesise,  the  course  of  which  is  counted  by  years.  A  sponlaneoiig  cure 
may  indeed  occur,  if,  as  the  swelling  of  tlie  mucous  meodirane  of  tho 
naaal  duct  abates,  the  lumen  of  the  duct  becomes  free  once  more,  and 
at  the  same  time  the  catarrhal  inflammation  of  the  lachrymal  aac  sub- 
sides. Ttiis,  liowever,  occurs  but  rarely.  The  rule  is  that  without  arti- 
ficial aid  no  cure  takes  place,  but  the  following  course  of  events  ensues: 
The  secretion  that  at  first  was  nurulent  becomes  after  some  time  mu- 
cous aud  viscid ;  at  length,  in  consequence  of  atrophy  of  tbe  mucous 
membrane,  its  secretion  ceases  altogether.  Then  the  distended  lachry- 
mal sat?  contains  simply  a  clear  liquid,  namely,  the  tears  which  have 
accumulated  in  it.  But  tbe  epiphora  nevertheless  keeps  on,  because 
tho  constriction  of  the  nasal  duet  prevents  the  conduction  of  the  tears 
into  the  nose. 

As  a  result  of  the  constant  distention  of  tho  lachrymal  sac  by  fluid, 
itfi  walls  at  length  lose  their  elasticity.  When  this  condition,  called 
afonia  sarci  lacriviitlin,  has  set  in,  the  tears  are  no  longer  carried  down 
into  the  nose,  even  if  the  na.sal  duct  again  becomes  perfectly  pervious. 
The  distention  of  the  lachrymal  sac  may  keep  on  increasing  more  and 
more,  so  that  it  presents  a  fliicfuatiug  tumor  of  the  size  of  a  walnut  and 
over.  This  either  projects  fur  forward,  or  nften  it  extends  deep  into  the 
orbit,  so  that  the  eyeball  is  dii^plaoed  by  it  (cxophthalmus).  It  is  filled 
with  a  clear,  watery  fluid,  hence  the  name  hydrops  »acci  lacrimalis. 

Blennorrhrea  of  the  lachrymal  sac  chiefly  causes  trouble  through 
the  epiphora,  which  compels  the  [»atient  to  dry  his  eye  freipiently.  The 
lachrymatiou  increases  in  cold  weather,  and  in  wind,  smoke,  etc.  If  it 
lasts  a  long  time  it  leads  to  chronic  catarrh  of  the  coujuin'tiva  and  to 
blepharitis  ulcerosjv.  If  these  two  conditions  are  found  in  one  eye 
alone,  they  must  always  excite  the  suspicion  of  there  being  a  lesion  of 
33 
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the  luchrymal  sac.  In  the  subsequent  course  of  the  disease  the  molBten- 
ing  of  the  lower  lid  hy  the  tetirs  leads  to  eczema  of  the  lid,  coutraction 
of  the  skiu  coveriug  it,  and  ultimately  to  ectropion.  By  these  condi- 
tions, aguiu,  the  hichryniation  itself  is  increiwed.  In  the  presence  of 
blüuiiorrha>a  of  the  lachrymal  sue,  abscesses  of  the  cornea  may  develop 
from  erosions  of  the  latter,  and  operation- wounds  also  may  readily  h»- 
come  iiifuctc'd. 

120.  Treatment. — This  must  first  of  all  have  regard  to  the  nasal 
disease  which  lies  at  the  root  of  the  trouble»  and,  if  this  still  exista, 
must  apply  suitable  measures  for  its  relief.  As  regards  the  lachrymal 
sac  itself,  the  ])atient  is  to  be  told  to  evacuate  it  very  frequently  by 
pressing  with  the  fin^'er  upon  the  inner  angle  of  the  eye.  In  this  way 
tliu  accumulation  of  the  secretion  and  the  consequent  decomposition 
of  the  hitter,  together  with  the  dilatation  of  the  lachrymal  sac,  are  com- 
bated. In  addition  it  is  udvisjible  to  cleanse  the  lachrymal  sac  by  syring- 
ing. We  select  for  this  purpose  disinfectant  solutions  (1— l:,00O  subli- 
inato  solution,  three- jier-cent  solution  of  boric  acid),  which  can  after- 
ward be  replaced  by  astringent  solutions.  The  liquid  is  injected  through 
the  canaliculus  by  means  of  a  syringe  having  a  slender  cannula  with  a 
riglil-uttglud  bend  in  it  (AiieFs  sjTinge). 

Tho  main  burden  of  treatment  lies  in  the  removal  of  the  strict- 
ure of  tho  nasal  duct,  by  gradual  dilatation  with  sounds  according  to 
Itowman's  method.  As  a  preliminary  to  the  treatment  by  sounds, 
siUting  of  (he  inferior  canalicnlug  is  jierfurmed.  To  do  this,  the  infe- 
rior oanalicnlua  is  first  dilated  with  the  conical  sound,  the  pointed 
lity  of  which  ia  introduced  into  the  inferior  punctum,  and  then 
on  in  the  caualieuluä  until  it  strikes  against  the  inner  wall  of 
41m  Uchrymal  sac  (lachrymal  bone).  After  withdrawing  the  sound  we 
Üitr\Hluoi>  a  Weber's  knife  into  the  dilated  canaliculus,  in  such  a  way 
lh*l  tht*  edge  of  the  knife  looks  up  and  a  little  backward.  By  rapidly 
miaim^  tho  knife,  the  probe-pointed  extremity  of  which  rests  in  the 
btfikrvtual  wtc,  tho  canaliculus  ia  slit  open,  and  is  thus  converted  into 
Uli  t>p«>u  gruovr,  looking  upward  and  a  little  backward.  The  object  of 
thttiä»|f  It«  «Miali*'»ilu8,  as  a  preitminury  to  the  operation  of  sounding, 
U.  iu  fiwitttato  tlui  introduction  of  the  sounds  into  the  lachrymal  eac. 

.  atunäinf  the  nasal  duct  we  make  use  of  Bowman^s  souiyls, 
»Oi- '»  -vrv'  Vopt  on  hand  in  different  sizes,  numbered  from  one  to  Six. 
■a:>  i   XH  !ir«t  introduced  through   tho  inferior  canaliculus,  after 

.  s  ii   4it  op*m,  and  is  passed  in  until  it  strikes  against  the 
j_^L».     •(  'tM«  lt^"hrymal  sac  ;  the  sound  taking  the  direction  of  the 

-  :h,*i  K*»  »Mtomling  from  the  outer  side  and  below  in  a  direc- 

_^T_~    UM  iawarxL     Then  we  tilt  the  sound — that  is,  we  direct  it 

.„^  «  ;^  ^M«k  p«r|M>ndicular  by  lifting  its  free  extremity  until  its 

H^  -» <a  iIm»  kKbrynuil  sac,  points  to  the  furrow  between  the 

.:^ik«il  )tm  obiwk,  this  giving  the  position  of  the  inferior 
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orifice  of  the  nasal  duct  The  sound,  being  thus  placed  in  an  upright 
position,  is  now  glowly  and  cautiously  pushed  downward  until  it  rests 
upon  the  floor  of  the  nasal  fossa.  In  so  doing  we  necessarily  pass  the 
contracted  spot,  the  favorite  seat  of  which  is  either  the  point  where  the 
lachrymal  sac  outers  the  nasjil  duct,  or  the  inferior  extremity  of  the 
latter — the  former  spot,  because  it  is  normally  the  narrowest  poiut  in 
the  lachrymal  passages  ;  the  latter,  because  it  is  affected  sooner  than  ia 
the  rest  of  the  lachrymal  tract  by  diseases  of  tlie  nasal  nuicouB  mem- 
brane. We  begin  with  the  slenderest  sounds.  If  we  can  not  pa.'^s  the 
contracted  spot  with  one  of  these,  we  must  not  push  the  sound  forcibly 
forward,  but  must  keep  trying  again  and  again  on  succeeding  days  to 
introduce  the  sound,  until  at  length  we  succeed  in  carrying  it  down 
into  the  nose.  The  sound  after  its  introduction  is  allowed  to  remain 
for  about  a  quarter  of  an  hour.  We  repeat  the  sounding  every  day,  or 
every  other  day,  gnulually  passing  to  larger  and  larger  sounds,  untit  nt 
length  the  nasal  duct  is  readily  pervious  and  the  cjiipihora  has  ceased. 
Even  then  the  sounding  should  not  be  at  once  discontinued,  as  in  that 
case  the  spots  which  had  been  dilated  would  soon  close  up  again,  owing 
to  renewed  contraction  of  the  cicatrices.  The  sounding  must  therefore 
be  repeated  again  and  again  at  longer  intervals  (of  a  week  to  a  month). 

The  duration  and  the  success  of  the  treatment  with  sounds  depend 
upon  the  nature  of  the  contraction.  The  most  favorable  cases  are  those 
in  which  the  contraction  is  caused  by  simple  iufiammntory  swelling  of 
the  mucous  membrane ;  those  in  which  cicatricial  strictures  are  present 
are  less  favorable^  aud  the  least  favorable  are  those  in  which  the  na»il 
duct  is  completely  obliterated  at  some  spot.  Cases  of  the  latter  kind 
do  not,  for  the  most  part,  admit  of  a  permanent  cure.  Even  in  the  moat 
favorable  cases  the  duration  of  the  treatment  amounts  to  from  four  to 
six  weeks,  and  it  usually  requires  several  months.  If  strictures  due  to 
cicatrices  are  present,  recurrences  may  set  in,  owing  to  renewed  con- 
traction of  the  cicatricial  tissue  ;  and,  in  fact,  this  unfortunately  occurs 
80  often  that  permanent  cures  form  the  exception. 

Those  cases  which  can  not  be  cured  by  treatment  with  sounds 
require,  if  they  give  rise  to  considerable  annoyance,  the  destruction  of 
the  lachrymal  stic.  This  can  be  accomplished  either  by  extirpation  or 
by  obliteration.  In  either  case  the  operation  is  begun  by  opening  the 
ladirt/nml  sac  through  an  incision  from  in  front.  This  is  performed 
according  to  Petit's  method,  for  the  performance  of  which  Arlt  has 
given  the  following  guides.  By  drawing  the  lids  to  the  outer  side  the 
internal  palpebral  ligament  is  put  on  the  stretch,  so  that  it  is  seen 
through  the  skin  of  the  inner  angle  of  the  eye  as  a  prominent  projec- 
tion. The  point  of  a  sharp  scalpel  ia  introduced  exactly  beneath,  the 
center  of  the  ligament.  The  back  of  the  knife  looks  upward  and  the 
knife  itself  is  held  so  that  its  handle  passes  through  the  middle  point 
of  an  imaginary  line  drawn  from  the  apex  of  the  nose  to  the  outer 
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margin  of  the  orbit.  The  koife  held  in  this  direction  is  tlirast  rerti- 
cully  in,  tlitirf  penetratiug  thrnugh  the  skin  and  the  anterior  wall  of  the 
hvchryruiil  sac.  As  souu  as  we  fcul  tlio  point  of  the  kuife  striking 
against  the  postcriur  wall  of  the  lachrymal  sac  (lachrymal  bone)  we  no 
longer  push  it  forward,  but  depress  its  point  by  raising  the  handle  as 
high  as  the  forehead.  If  now  the  knife  is  pushed  forward,  its  }>oint 
enters  the  uppt-r  part  of  the  nasal  duct,  tlic  wound  in  the  anterior  wall 
of  the  liicliryiuul  sac  being  at  the  siime  time  enlarged.  After  with- 
drawing the  knife  we  enlarge  the  wound  upward  and  downward,  so  as 
to  have  a  view  of  the  mucous  membrane  of  the  lachrymal  sac  through» 
out  its  vvhok'  extent. 

After  we  have  completed  the  o{)ening  of  the  lachrymal  sac  wo  pro- 
ceed to  destroy  it.  If  we  intend  to  perform  this  by  extirpation,  the 
riuicous  niembranu  of  the  sac,  which  now  lies  exposed,  is  dissected  out 
throngli  its  entire  extent.  If  we  should  not  succeed  in  doing  this 
completely  on  account  of  the  great  friability  of  the  mucous  membrane, 
wo  can  scrape  out  the  remainder  with  a  sharp  spoon.  After  this  we 
Bpw  up  the  external  wound,  and  secure  tlie  apposition  of  the  walls  of 
the  cavily  by  means  of  a  pressure-bandage,  if  we  wish  to  perform 
obliteratian  of  the  lachrymal  sac,  we  either  introduce  a  caustic  (the 
best  one  being  the  Vienna  j»uste,  which  is  mohlcd  into  a  little  ball 
with  the  aid  of  some  iluur  aufl  water)  into  tlie  cavity  of  the  lachrymal 
sac  after  it  has  been  laid  open,  or  we  destroy  the  mucous  membrane 
with  the  actual  cautery.  The  external  wound  in  that  case  shouhi  not  be 
dosed  up,  as  the  escharotic  mucous  membnine  has  to  be  cast  off,  after 
which  tht  cavity  gradually  closes  by  the  formation  of  granulations. 

lioth  e\tiri>atii>n  and  obliteration  (if  tlie  lachrymal  sac  lead  to  the 
Hanji)  result.  The  former  is  more  difficult  of  performance,  but  gives  a 
sliorter  (leritKl  nf  treatment ;  if  liealing  takes  place  by  first  intention, 
the  cure  is  <'ornplefed  in  a  few  days.  After  the  0|>eration  for  oblitera- 
tion of  the  luchrymal  sac  it  takes  several  weeks  for  the  wound-cavity 
to  become  completely  closed.  In  both  methods  it  is  absolutely  neces- 
sary that  all  the  mucous  membrane  be  cither  removed  or  destroyed,  for, 
if  rt  residue  of  the  mueous  membrane  has  been  left,  the  secretion  con- 
tinues and  a  fistulous  opening  lenuiins. 

Destruction  of  the  lachrynval  sac  is  suitable  in  those  cases  in 
which  tiie  treatment  by  sounds  is  likely  to  be  without  result.  This  is 
the  case  where  there  are  very  extensive  cicatricial  contractions  or  com- 
plete obliteration  of  the  nasal  duct.  It  is  still  more  arlvantageous  if 
there  are  at  the  same  time  demonstrable  changes  in  the  bone,  shown 
cither  by  our  coming  upon  bared  and  roughened  bone  in  the  act  of 
sounding,  or  by  there  being  an  externally  visible  implication  of  the 
bone  manifested  by  a  sinking  in  of  the  nose  (in  consequence  of  sy[thi. 
li»).  Furthermore,  cases  of  atony  and  dropsy  of  the  lachrymal  sac, 
and  also  those  cases  in  which  external  circumstances  render  a  protracted 
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treatment  by  sounda  impracticable  for  the  patient,  are  suitable  ones  in 
whicli  to  perform  destruction  of  the  Bac. 

While  the  tre;itnient  by  souikIs  in  favorable  cases  restores  the  nor- 
uial  conduction  of  the  tears,  the  possibility  of  this  restoration  is  for- 
ever prevented  by  the  operation  for  destruction  of  the  lachrymal  sac. 
Ik'uce  a  condition  of  e|)ipliora  always  remains,  which,  however,  reaches 
a  troiihlnsoine  degree  only  when,  in  consequence  of  irritation  of  the 
conjunctivsi,  there  is  an  excessive  secretion  of  tears.  As  a  cnntpensat- 
ing  circumstance  the  patients  are  relieved  of  the  presence  of  a  con- 
stantly suppurating  cavity  which  continually  exposes  tlioni  to  the  dan- 
ger of  getting  uu  abscess  of  the  cornea,  aud  which  also  usually  gives 
rise  from  time  to  time  to  acute  phlegmons  (dacryocystitis). 


IL  Dacryocystitis- 

122.  Symptoms. — In  an  individual  who  suffers  from  hlennorrhoea 
of  the  laclirymal  sac,  a  violent  inflammation  may  suddenly  develop  in 
the  region  of  the  sac.  The  skin  in  its  vicinity  is  reddened  and  grcntly 
BwoiJen;  the  swelling  also  extends  to  the  lids,  and  even  to  the  conjunc- 
tiva, in  which  there  is  Chemosis.  The  inflammation  is  accompanied  by 
fever  and  violent  pain,  so  that  the  patient  is  deprived  of  sleep  for 
several  nights.  After  some  days  the  ekin  at  the  apex  of  tlie  swelling 
takes  on  a  yellowish  discoloration,  and  finally  becomes  i^erforated,  when 
quite  a  large  quantity  of  pus  is  evacuated.  Upon  this  the  pain  abates 
and  soon  ceAses  altogether,  and  the  swelling  also  rji[iidly  goes  down. 
Later  on  there  is  di.^icharged  from  the  perforation  a  fluid  which  at  first 
is  purulent,  afterward  mucous,  and  at  length  perfectly  clear  like  water. 
Ultimately  nothing  hut  the  tears  whit.:h  are  forced  into  the  lachrymal 
sac  run  out  again  through  the  perforation,  which  latter  is  hence  called 
a  lachnjmid ßtttida. 

As  long  iis  the  hu'hrymal  iistnla  remains  ojien  the  patient  is  safe 
from  any  new  attack  of  inflammation.  But  if  the  fistula  closes  up  and 
the  tears  again  accumulate  in  the  lachrymal  sac,  a  recurrence  of  the 
dacryocystitis  may  ensue. 

Dacryocystitis  consists  in  a  purulerU  inflammation  of  the  connect- 
ive tisane  surrounding  the  lachrymal  sac  This  inflammation  lends  to 
purulent  disintegration  of  the  submucous  tissue  with  the  formation  of 
on  absccs.s  which  ruptures  externally.  Ihicryocystitis  is  accordingly  a 
phlegmon.  Blennorrha'a  of  the  lachrymal  sac,  on  the  contrary,  is  a 
catarrhal  inflammation  of  tho  mucous  membrane  itself,  in  w^hich  the 
purulent  secretion  of  the  hitter  is  deposited  upon  the  surface  only. 
The  connection  between  the  two  diseases  consists  in  the  fact  tlnit  bien- 
norrho^a  of  the  sac  precedes  the  development  of  tlie  phlegmon  and 
gives  rise  to  it;  for  the  blennorrhceal  sac  is  filled  with  decomposed 
secretion,  and  it  only  requires  the  presence  of  a  small  defect  in  the  epi- 
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tLelial  covering  of  the  raucous  membrane  of  the  eac  to  enable  the  micro- 
organisms of  the  secretion  to  penetrate  into  the  submucous  tissue,  where 
they  excite  suppuration  and  cause  dacryocystitis. 

Treatment — If  we  are  deaHug  with  a  dacryocystitis  in  its  very  in- 
eeptioiij  we  may  try  to  prevent  the  development  of  an  abscess.  With 
this  end  in  view,  we  sedulously  express  the  fluid  from  the  lachrymal  sac, 
inject  it  with  antisejitic  sfilntions,  and  iu  the  intervals  apply  a  pressure- 
bandage,  wliioh  constringes  it. 

If  the  inflammation  has  passed  the  initial  stage,  it  is  idle  to  endeavor 
to  prevent  the  formation  of  an  abscess;  besides,  the  methods  of  syring- 
ing, expression,  and  eompreseioii,  given  above,  could  not  be  employed,  on 
account  of  the  swelling  and  paiiifulncss  of  the  parts.  The  only  thing 
to  do  now  is  to  hasten  the  formation  of  the  abscess,  an  object  which 
is  best  attained  by  the  use  of  moist  and  warm  compresses.  As  soon  as 
fluctuation  makes  itself  apparent,  we  incise  the  anterior  wall  of  the 
lachrymal  sac,  or  that  portion  of  the  skin  beneath  which  the  presence 
of  pus  can  be  made  out.  A  lachrymal  fistula  is  thus  artificially  pro- 
duced, through  which  the  contents  of  the  abscess  and  of  the  lachrymal 
sac  itself  are  discharged  externally.  This  is  kept  open  by  the  intro- 
duction of  a  strip  of  iodoform  gauze  every  day,  until  all  inflammatory 
symptoms  have  disappeared  and  the  secretion  that  exudes  has  lost  its 
purulent  character.  But  even  then  we  ought  not  to  allow  the  fistula 
to  close  at  once,  for  we  must  recollect  that  a  blennorrhaia  of  the  lach- 
rymal sac  has  preceded  the  dacryocystitis,  and  that  conse<]uently  there 
is  a  stricture  present  in  the  nasal  duct.  If  tbe  fistula  should  cloao 
without  the  stricture  being  relieved,  we  should  have  to  apprehend  an- 
other attack  of  dacryocystitis.  Hence,  the  permeability  of  the  nasal 
duct  must  first  be  restored  by  treatment  with  soanda.  When  we  have 
Buccecfled  in  doing  this  the  fistula  usually  closes  of  itself.  If  this 
should  not  be  the  cn.se,  we  can  effect  a  closure  of  the  fistula  by  either 
refreshing  and  uniting  the  edges  of  the  wound  or  by  their  cauteriza- 
tion. If  the  conditions  are  such  that  a  permanent  state  of  pervioua-j 
uess  of  the  lachrymal  channels  is  unattainable,  we  proceed  to  the  opei 
tion  of  destroying  the  lachrymal  sac. 

It  is  extremely  rare  for  the  Jaehrymal  gland  to  be  the  »eat  of  disease.  Among 
such  diseaaea  belong:  1.  Inflaminntion  [dacryo-adenittHl,  This  may  go  on  tu 
resolution ;  in  other  Ciuses,  »uppuratirm  of  the  glund  with  di»<:-harge  of  the  pua 
externally  has  been  observed,  a  fistula  of  the  iBchrymal  jifland  remaining  after- 
ward. There  have  even  l>ecn  described  cases  of  bilateral  dacryo-adenitis  which 
ran  either  an  acute  or  more  frequently  a  chronic  course;  some  of  those  cases 
were  complicated  with  simultaneous  swelling  of  the  parotid  glands.  2.  New 
formations,  including  carcinomata,  adenomata,  cylindromiita,  lymphadenomata, 
cbloromata,  and  sarcomata.  3.  Cvstoid  dilat.ition  of  one  of  the  ducts  of  the 
gland — a  condition  which  is  designated  under  the  name  of  dacryopa.  4.  At- 
rophy of  the  lachrymal  gland  in  xerosis  (Arlt  ;  see  page  118). 
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In  the  puncto  there  can  he  frequently  made  out  a  change  of  ]>osit]on  of  such 
a  character  that  ttic  lower  punctum  is  turned  nutwanl  (fo^^a^d)  instead  of  look- 
ittg  ttpward  (eceraiati  oj  thtt  pun^vmf.  This  cepcesente  the  very  first  stage  of  an 
ectropion — a  stage  which  bears  within  itself  the  germ  for  ita  own  development 
(see  iMige  490).  In  simple  evcreion  of  the  punctum,  without  ectropion  proper, 
the  epiphora  can  be  relieved  by  slitting  the  cnnaliculus.  The  tube  t»  tlius  con- 
verted into  an  opi'n  groove,  which  looks  backward  and  hence  dips  into  the  Iqcub 
lacrimalis  and  tflkea  up  tlie  tears.  Bowman  has  the  credit  of  showing  that  the 
conduction  of  tears  ia  not  injuriously  allecU-d  by  the  slitting  of  the  cunalicuhis. 
If  this  openition  is  jjurformed  with  Weber's  knife  in  the  way  described  «liuve, 
it  aiFects  only  the  external  two  thirds  of  the  canaliculus;  the  inner  third  of  the 
latter  lies  beneath  (behind)  the  caruncle,  and  remains  imoponed.  Slitting  of 
this  most  internal  part  would  be  possible  only  if  the  caruncle  were  divided  at 
the  same  time;  and  if  this  were  diiiu\  the  cut  surfaces  that  were  made  would  be 
pretty  broad,  and  it  would  be  quite  hard  to  prevent  their  reunion.  Even  in  the 
ordinary  method  of  performing  the  operation  of  slitting,  the  divided  canaliculus 
ia  usually  found  to  hiive  closed  up  again  on  the  following  day,  so  that  we  have 
to  introduce  the  conical  sound  and  thus  tear  apart  the  slightly  agglutinated 
edges  of  the  wound.  If  in  this  way  readhesion  is  jirevenled  the  first  time,  the 
cut  aurfaces  become  clothed  with  epithelium,  so  that  afterward  adhesion  is  no 
longer  to  be  apprehended. 

In  both  the  puncto  and  ainaliculi  contraction  and  even  obliteration  are 
sometimes  observed,  the  consequence  of  Avliich  i»  aLto  t-piphoru.  The  most  fre- 
quent cause  giving  rise  to  these  conditions  is  injury  of  the  mucous  membrane  ol 
these  structures  due  to  sounding.  To  remove  them,  we  must  endeavor  to 
enter  the  canaliculus  with  a  conical  sound  and  thus  dilate  it,  or,  if  necessary, 
we  must  slit  it  up.  Occlusion  of  the  canaliculi  may  alwj  he  produced  by  foreign 
bodies  or  by  concretions.  The  latter  are  of  a  gray  or  grayish-green  color  and 
of  friable  or  hard  con.sistencc,  and  prove  to  be  conglomerated  masses  consisting 
of  a  fungu.s,  the  8trcptothrix  Fu-rsteri.  In  some  cases  cystoid  dilatation  of  the 
canaliculi  has  been  found.  This  arises  from  an  obliteration  of  the  cunaüculug 
at  both  extremities  and  the  accumulation  of  fluid  in  its  cavity,  so  that  the  tube 
is  gradually  distemled  till  it  forms  n  cyst. 

BUnnoiThmt. — For  the  two  most  important  diseases  of  the  lachrjmal  tract — 
namely,  hlennorrlKea  of  the  lachrymal  sac  and  dacryocystiti»— the  cxpre.nsion 
dacryocystitis  catarrhaliR  and  dacrj'ocystitis  phlegmonosa  have  been  projiosed. 
Although  they  corres]»nd  to  the  actual  state  of  things  better  than  do  the  old 
designations,  I  do  not  employ  them,  not  wishing  to  give  rise  to  confusion. 
Borne  observers  have  al.st»  distinguished  another  form  called  darryoryntHiählenwir- 
rhaieu.  Under  this  name  are  designated  those  cases  in  which  a  hlennorrha'a  of 
the  lachrymal  sac  exists«  in  conjunction  with  traehnma  of  the  conjunctiva. 
This  is  a  pretty  frequent  occurrence,  which  has  been  intcr|)reted  a»  meaning 
that  the  secretion  of  the  trachomatous  conjunctiva  enters  the  lachrymal  sac  and 
infects  its  mucous  membrane.  In  that  case  we  should  have  to  do  with  a  true 
blennorrhcea  of  the  lachrymal  sac — i.  e.,  with  a  ejwcific  infiummafion  of  its 
mucoua  membrane.  This  variety  ia  supposed  to  differ  from  the  ordinary  catar- 
rhal blennorrha?a  of  the  lachrymal  sac,  in  that  the  secretion  in  the  former  is 
purulent,  in  the  latter  mucrtus.  But  the  nature  of  the  secretion  does  not  de- 
pend upon  the  variety  of  blennorrh(Pft  existing  in  the  lachrymal  sac,  but  upon 
the  atage  in  which  the  latter  i£  at  the  time:  it  ia  purulent  in  recent  cases, 
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macoos  or  watery  in  those  which  are  more  advanced.  That  bleDDoniwsa  of  uir 
lachrymal  sac  occurring  in  trachoma  ma}'  iiri^  from  a  specific  infediiMl  td  the 
sac,  is  doubtless  poasible  and  indeed  ]>robable.  but  is  by  no  means  mtaialj 
proved.  It  is  an  exceedingly  fretjucnt  thing  to  tind  ozjena  in 
piitieata,  in  which  cast!  the  hlennorrhcea  of  the  lachrymal  sar  ia  nracb 
likely  to  be  referable  to  thiä  than  to  the  trachoma.  And  infoctioa  of  tbe 
coua  membrane  of  the  lachrymal  sac  through  the  blennorrhsal  ciruadoea  not 
take  place  in  acute  blennorrhcea  of  the  conjunctiva,  although  the  latter  t»  aoeh 
libore  infectious  than  traclioma. 

Blennorrhcfa  of  the  lachrymal  sac  olTects  the  female  more  frequentJj  tlian 
the  mate  sex,  perhaps  on  account  of  the  zealous  m^e  tliat  the  fonrer  nuüuM  of 
tbe  lachrymal  iipparatus.  Person«  having  the  bridge  of  the  noae  fiatteoed  (flat 
Dooea  and  "saddle-noses."  particularly  when  due  to  bereditarj  disease^  alao  are 
predisposed  to  this  affection. 

Tulteraihau  of  tbe  lachrymal  sac  occvirs  as  a  secondary  affection  in  tabereo- 
loHia  of  the  conjunctiva  or  in  tuberculosis  Hupu.s)  of  the  iiaaal  mucou»  meai- 
brane.  The  Inchrymal  aac  feels  very  much  thickt-ned.  and  upon  o]vni^g  it  we 
find  its  inm-r  surface  lired  with  discolored  granulations  (cf.  pages  102,  109). 

Injeetioim  into  the  lachrymal  sac  arc  not  only  of  service  for  cleansing  it  and 
for  the  treatment  of  itvS  mucouH  membrane,  but  also  for  determining  whether  the 
lachrymal  channels  are  permeable.  If  thus  is  the  case,  the  injcrted  fluid  enters 
the  no8C,  and,  if  the  patient  bend.s  his  head  forward  during  the  injection,  runs 
out  by  the  nasal  orifice.  If  the  injection  is  performed  incautiously,  it  may  hap- 
pen that  the  mucous  memhnine  is  injured  by  the  point  of  the  cannula,  and  the 
fluid  is  injected  into  the  subcutaneous  cellular  tissue  of  the  lids.  A  marked  tn- 
llamjnsitorj  lederaa  is  tlius  set  up,  which,  however,  usually  abates  iu  a  few  da^*« 
without  jiroducing  any  bud  re«ult8. 

The  niK-niticm  of  »oiiniH/i(/  can  be  performed  through  either  the  upper  or 
lower  canahculus.  The  former  is  narrower,  but,  as  an  oflset  to  Ihis,  we  have  to 
turn  the  souud  but  little  after  its  intrwluction  in  order  to  place  it  upright.  In 
fioimdiijg  through  the  lower  canaliculus,  the  sound  must  be  tilted  so  as  to  be 
turin-d  through  more  than  a  right  angle,  but  the  canaliculus  is  wider.  Ac- 
cordingly, the  lower  caniiliculu«  is  usually  »elected  because  the  mucous  mem- 
brane of  the  narrow  oivnal  would  be  lacerated  in  paasing  »oundH  of  a  higher 
muTvlHT.  Tlw  consequence  of  this  would  be  contraction  or  obliteration  of  the 
cnnal,  whieh  would  s<.'t  in  as  soon  as  the  sounding  is  stopj>ed.  The  sound  can 
also  he  iiitro<lueed  and  carried  into  the  nose  through  a  canaliculus  which  baa 
not  been  slit  up,  hut  this  is  unadviwible,  because-  of  the  likelihood  of  producing 
injuries  to  the  mucous  membrane  such  as  have  just  been  mentioned.  I  URiiallv 
do  it  only  for  diagnostic  purposes  (for  demonstratieig  the  presence  of  a  stricture), 
and  thtrn  only  ('ra|)loy  the  sounds  of  the  lowest  number,  which  can  be  rearlily 
introduri'd  even  through  a  canaliculus  that  has  not  Iwen  slit  o[K'n.  Preliminary 
«littiiig  of  the  canaliculus  is  always  indicated  when  the  treatment  by  sounds  is 
to  be  kept  up  for  any  length  of  time. 

The  act  of  sounding  itself  requires  a  deft  hand  and  much  experience,  for 
which  reason  it  ought  first  to  be  practiced  very  industriously  upon  tlie  cada- 
ver. It  is  often  very  painful,  so  that  the  patient»  somt-times  Wcome  faint  dur- 
ing its  performance.  Hence,  the  indication  is  to  miike  the  mucous  membrane 
of  thf  lachrymid  tract  insensitive,  by  the  preliminary  injection  of  a  few  drop«  of 
a  Solution  of  cocaine  into  the  lachrymal  sac    Begiuner»  in  sounding  frequently 
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make  the  mistake  of  tilting  the  sound  before  it«  point  has  got  into  the  lachrymal 
Bite.  We  then  feel  nn  obstacle  oppnainp  the  downuard  protjreas  of  the  souud, 
and  if  we  should  try  to  overcome  this  ohstiu.le  bj  force  we  would  mnke  a  false 
pfLisa^.  Tlmt  the  aound  ha«  been  tilted  up  too  eoou,  is  recoguized  from  the 
fact  that,  when  it  i»  6(;t  vertical,  the  skin  l)eneath  tlie  CMnalieulu«  is  drawn  along 
with  it  and  is  thrown  into  wrinkles.  We  shall  not  commit  this  miMnke  if  we 
avoid  tilling  the  »omid  until  w«-  distinctly  feel  through  its  point  the  linn  resist- 
ance offered  by  the  inner  osseous  wall  of  the  lachrymfil  sac  (the  huhrytual  b<tnc). 
The  obstueles  oppo.sing  the  passage  of  the  sound  in  the  nanal  duct  may  he  actual 
constriction.s  of  the  duct,  but  are  often  nothing  but  projecting  folds  lu  which 
the  sound  catches.  We  licconJijigly  try  to  ])Uish  onr  way  forward  by  sliding  the 
j>(>iiit  of  the  sound  sometimes  along  one,  sonielimc!*  the  other,  wall  of  the  lach- 
rymal sac  in  order  to  smooth  out  the  folds.  Sometimes  we  can  pass  a  nither 
thicker  sound  (No.  3)  more  readily  than  we  can  the  thinnest  ones;  the  latter, 
moreover,  are  mure  a|)t  to  injure  the  mucou.'i  membraiie,  so  that  «c  get  beneath 
it  and  make  ii  fiil^*  [Mi-ssage.  Bleeding  from  the  nose  after  sounding  poiitt»  to 
an  injury  of  the  mucous  membrane,  a«  does  also  the  striking  of  the  a|)ex  of  the 
sound  u|Kin  bare  bone.  The  latter,  however,  can  al.>!0  hujifH'.n  without  the  mu- 
cous membrane  being  injured,  if.  for  e.xamiiie,  the  bone  has  been  already  denuded 
by  ulcerativf  ilisintegration  of  the  mucous  n-.enibrane  of  the  nasal  iluct.  In  cuBea 
of  this  kind  a  cure  can  iint  usually  be  obtained  by  treatment  with  sounds. 

When  finally  the  sound  bus  Iteeu  passed  all  the  way  through,  it  is  fe!t  to  rest 
U{>on  the  floor  of  the  nasal  cavity.  In  mo-st  ^>crs<jnH  the  central  larama  of  the 
8«mnd  then  lie»  upon  the  inner  end  of  the  eyehriiw.  To  ascertain  the  jHJsition 
of  the  sound  more  precisely,  we  may  place  on  the  outside  a  second  sound  of  the 
aame  len^h  in  the  direction  of  the  lachrymal  tract  und  in  Buch  a  way  that  tlie 
luminie  of  the  two  sounds  are  su j>erim posed ;  the  exterior  sound  then  shows 
at  what  height  the  lower  extremity  of  the  »ouml  that  we  have  introduced 
sbmdä. 

Tr«?atraent  by  sounds  must  be  kept  up  until  at  IcBst  No.  4  of  Bowman's 
sounds  passes  with  ease.  Then  tlie  patient  may  he  instructed  how  to  piuss  the 
sound  upon  himself  with  the  aid  of  a  looking-glass,  bo  that  the  sounding  may 
be  performed  from  time  to  time  sul».sequently  in  order  to  prevent  a  recurrence 
of  the  contraction. 

The  long  dunition  of  the  treatment  by  sounds  has  excited  a  desire  to  accom- 
plish the  dilutation  of  the  stricture«  rapidly  insteaxl  of  gradually,  and  thus 
shorten  the  treatment.  This  can  W  done  either  by  Weber's  method  of  intro- 
ducing very  thick  sounds,  or  by  .Stilling's  method  of  incising  the  strictures  with 
a  knife  designed  for  the  purjwse,  or  by  a  combination  of  both  metluwls.  By 
these  methods  of  treatment,  however,  .solution»  of  continuity  are  made  in  the 
mucous  membrane,  which  lead  to  the  formation  of  fresh  cicatrices,  and  which 
hence,  after  a  period  of  apparent  cure,  entail  recurrences  that  are  all  the  more 
rajiid  in  their  development.  Most  ophthalmologist«  therefore  j»refer  th«  grad- 
ual dilatation  of  the  strictures. 

/A-irr^fjc/zirfiVi*  almost  always  originates  from  a  blennorrhcca  of  the  luchrymal 
aac;  con-wtinently  the  patients  declare  that  ejiipliora  ban  existrd  fur  r|uite  a 
lonjf  time  before  the  acute  inflammation  which  they  often  designate  »mder  the 
name  of  erysipelas.  It  is  only  in  very  rare  cJises  that  a  caries  of  the  lachrymal 
bone  gives  rise  to  dacryocystitis.  Children  sometimes  come  into  the  world 
with  a  recent  dacryocystitis,  or  they  acquire  one  a  few  days  after  birth.     Thu 
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exiflta  in  the  contrary  sense,  in  1  hnt  a  bright  tight  »triking  upon  the  eye  excites 
an  impulse  to  sneeze,  as  is  obscrveid  especially  in  children  with  photophobia, 
when  the  attempt  is  made  to  open  their  eye»  for  purposes  of  exnmiaation. 
Hence,  in  cases  of  epiphora  for  which  do  other  cauai^  cmi  be  found,  it  is.  requi- 
site to  examine  the  nose  carefully  and  treat  it  accarding  to  the  indication». 

The  opposite  condition,  namely,  (abolition  of  the  luchrymal  secretion,  is  ex- 
tremely rare.  It  is  found  in  paralysi?  of  the  trigeminus,  in  consequence  of  inter- 
ference with  the  innerration  of  the  lachrymal  gland ;  and  in  xerophthtilinu^  in 
consequence  of  atrophy  of  the  gland.  A  purely  uerrous  disturbance  lies  at  the 
bottom  of  those  cases  in  which  person»  declare  that  formerly  they  wept  a  gocMi 
deal,  but  that  for  a  long  time  past  they  have  not  been  able  to  weep,  e?ea  when 
very  much  distressed. 


CHAPTER  XIV. 
DISTURBAXCES  OF  MOTILITY  OF  THE  EYE. 


Anatomy  and  Physiology  op  the  Ocular  Mcscles. 

122.  The  ocular  muscles  are  dUtinguished  into  extrinsic  and  intrin- 
sic The  later,  also  called  the  interior  muscles  of  the  eye,  are  the 
8])hincter  pupillae  and  the  ciliar}'  muscle.  Of  these  we  shall  have  some- 
thing to  say  later;  at  prtiscnt  we  shall  concern  ourselves  only  with  the 
extrinsic  muscles.  These  are  six  iu  number,  four  straight  and  two  ob- 
lique. 

The  four  straight  muscles  are  the  rectus  internus,  extemas,  superi- 
or, and  inferior.  All  four  take  their  origin  from  the  apex  of  the  orbit 
along  the  bony  circumference  of  the  foramen  opticum  (/",  Fig.  94),  and 
from  this  jioiut  run  forward,  diverging  as  they  go.  They  thus  bound  a 
fiinucl-siiupcd  space,  the  muscular  funnel  {/,  /),  the  apex  of  which  lies  at 
the  foramen  oj)tituim,  while  the  eyeball  forms  its  base  and  the  optic 
nerve  (o)  runs  along  its  axis.  The  external  and  internal  recti  muscles 
(i  and  e)  are  inserted  info  the  sclera  to  the  outer  and  inner  side  of  the 
cornea;  the  superior  rectus  (.«»/)  has  its  insertion  above  (.?,),  the  inferior 
rectus  below,  the  cornea.  The  attachment  is  effected  by  means  of  short 
tendons  which  spread  out  in  the  form  of  a  fjin  and  become  fH9e<l  with 
the  sclera,  which  in  ihi«  way  is  tliiokened  in  its  most  anterior  portion. 

The  two  oblique  ocular  muscles  are  the  obliquus  superior  and  in- 
ferior. Their  course  is  more  complicated  than  that  of  the  straight 
muscles.  The  svpn-inr  ol/lü/ue  {om.  Fig.  04)  also  arises  from  the  mar- 
gin of  the  ojvtic  fonimen  and  runs  forward  upon  the  upper  and  inner 
wall  of  tlie  orbit  tu  far  as  the  trochlea,  before  reaching  which  it  passes 
into  its  tendon.  The  trochlea  itself  {T,  Figs.  D4  and  95)  lies  a  little 
behind  the  upper  and  inner  margin  of  the  orbit.  It  consists  of  a  firm 
fil>ron8  loop  tliroiigh  vvhirh  the  tendon  of  the  muscle  is  carried  in  such 
a  way  as  to  be  able  to  glide  up  and  down  in  it.  After  traversing  the 
trochlea,  the  tendon  hinuU  backward  at  an  acuto  angle,  and  passes 
beneath  the  superior  rectus  to  the  eyeball.  Here  it  spreads  out  in  the 
form  of  a  fan,  and  is  inserted  in  the  u])per  half  of  the  eyeball  al)out  in 
the  vertical  meridian  and  behind  the  e«]uator  {os.  Fig.  04). 

The  inferior  obligue  ariscB  from  the  lower  margin  of  the  orbit  near 
its  inner  extremity  {n{,  Fig.  95).  From  here  it  runs  upward  and  out- 
ward and  arrives  at  the  outer  side  of  the  eyeball,  into  which  it  is  in- 
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■ertod  about  iu  the  horizontiü  meridian  and  also  behind  tlic  cquutor 
(o»;  Fig.  D4). 

The  tendons  of  the  ocular  mnacles  before  reaching  the  sclera  must 
pass  through  the  fasciu  of  Tenuu  which  surrounds  the  eveball.  In  the 
spot  where  the  tendon  of  the  muscle  perforates  the  fusciii,  tlio  latter 
does  not  present  a  simple  aperture,  but  is  rellected  baekward  upon  the 
tendon  (e  and  e^.  Fig.  63).     It  ^ 

ensheaths  the  tendon  and  fur- 
ther back  is  continuous  with  the 
faäcia  which  envelop»  the  mus- 
cle itself.  IJy  these  "  lateral  in- 
vng^i nations,"  therefore,  tlie  ten- 
dons are  connected  witli  Tenon's 
capsule — a  fact  which  is  of  im-  t 
I)ortancc  with  regard  to  the  ope- 
ration for  squint. 

The  innerrutlon  of  the  ocu- 
lar muscles  is  accomplished  by 
three  nerves.  The  oculo-motor 
nerve  sujqtlies  tl>e  internal,  su- 
fterior,  and    inferior  recti,  and 


// 


vw^' 


-fA 


6U 


■t'  /. 


oplivuin.  Th«"  »-xUTruil  wall  of  thi*  orbit  doea 
not  reach  oa  far  furwan)  a»  the  tutcrnnl,  «mi 
ihal  lu  anUTlur  «larcln,  .1.  lie»  in  the  same 
plant'  as  thf  tHiiialur  of  tin-  oycltal).  Al  Mit> 
aul*?ri'>r  fitriMiidy  "f  ''""  liii'Tnol  «all  of  ihe 
orbit  Is  shown  thf  trix-hli-a,  T.  wlili'h  In  reality 
ll«t  in  the  upp*T  aixt  inni'r  aiiKlf  nf  the  orbIt, 
and  hen(.-r  woiiM  not  l>^  nit-t  nith  In  Miecn«*- 
iim.-tli»ii  of  tJit»  orlill  that  i«  hi-rc  n'pn'.scnlwl. 
Thv  «*xi<Tiuil  rvi'iiiK,  I',  anil  thi'  jnt.<<riinl  rfcliis, 
i.  ixmnd  tilt»  Diiifioular  funnel,  f,  t.  A  pnrlion 
of  the  sujK'Hor  fpoius  <«»>  In  cut  awny  tu  show 
the  (iiitic  iif-rvp,  o.  *.  in  iht-  iniwrtion  of  the 
Ätipfrlor refill«  II |Min  lliffyehall.  lyiiiif  «ilillam,«- 
ly  Ui  the  mareln  of  the  (Mrrnrtt  •«,  Ik  the  fan 
*iinp<?(l  int«»r1i(in  nf  th<'  I<»nit<>n  of  tlH- siiiM-rior 
oblique,  «»  :  'li,  (hi-  lliu-  of  inwrtii'in  of  tin-  In- 
ferior olillijuf  f.f  iHthe  fronlai, «, c,  Uw aagit- 
Uil  axis  of  Dk'  f'yeball. 


also  the  inferior  oblique;  and,    Km.  w.-h.)hiz...ntai,  SKc-nos  THaomn  the  Ob- 

.  1  ""  (öci'KMATic.i.    Natuiuh.  Size. 

m    ailditlOn,    the    levator    palpe-     The  «r*!  of  Ib*- orl.it  is  fonneil  hytht- forami-n 

bra?  superioriä  and  the  internal 
muscles  of  the  eye,  namely»  the 
sphincter  pupilia'  and  the  cili- 
ary muscle,  are  innervated  by 
it.  The  ubdncens  nerve  is  re- 
serveil  for  the  external  rectus, 
the  trochlear  nerve  for  the  su- 
perior oblifjne.  The  nuelei  for 
the  three  nerves  supplying  the 
eye-muscles  lie  npun  the  floor 
of  the  fourth  ventricle. 

The  muvijuients  of  the  eyeball  take  place  freely  in  all  directions  as 
in  a  ball-and-socket  joint  (arthrodia).  The  eyeball  may  be  said  to 
represent  the  articular  head  ;  Tenon's  capsule,  the  socket.  The  move- 
ments take  place  in  such  a  way  that  the  eyeball,  as  a  wliole,  undergoes 
no  ciiiinge  of  place ;  it  simply  rotates  abont  a  center  of  movement  which 
corresponds  approximately  to  the  center  of  the  eye. 

Wc  can  imagine  all  movements  of  the  eyeball  resolved  into  compo- 
nents which  eorresptmd  to  three  jinmanf  axe»  These  are  perpendicular 
to  each  other  and  cross  at  the  center  of  movement.  One  of  these  is 
vertical ;  the  movements  which  take  place  about  it  are  the  lateral  move- 
ments of  the  eye — that  is,  the  movement  to  right  and  left,  or  to  the  out- 
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aide  (abduction)  and  inside  (adduction).  The  frontal  axis  runs  from 
right  to  left  (/,/,  Fig.  94),an<l  corresponds  to  the  movements  of  elev»- 
tioii  and  depression  of  the  eyeball.  The  sagittal  axis  {s, «,  Fig.  9-4)  run» 
from  before  bsickward,  and  coincides  with  the  line  of  vision.  The 
movement«  which  take  place  about  it  are  known  under  the  name  of 
rotation  of  the  eyeball ;  by  virtue  of  them  the  upper  extremity  of  the 
vertical  meridian  of  the  eyeball  is  inclined  outward  or  inward, 

Ttie  muscles  may  be  grouped  into  pairs  according  as  they  rotate  the 
eye  predominantly  about  one  or  the  other  of  these  axes.  The  muscles 
belonging  to  any  one  pair  are  called  antagonists,  because  they  tend 

»/  / 


m. 


J»* 


^ivli 


Flo.  Oft,— Aktkmor  Ouncz  or  th«  Obbit  witb  tkk  Evkball.    Nattäal  Bisk. 

The  tondorB  of  the  four  recti  muflcle«  are  cut  oXt  near  th«'lr  1us<>rtl<iii  «ixin  thf  »-yf  ball,  but  the " 
Inferior  «ililtiitif,  oi',  and  th«-  tviiiinn,  <>«,  of  th<»  «uwrinr  i-tiliqiit' an»  left  entin-.  The  laCt«r 
.  («M«*8  out  fniiii  the  loop  of  ihi»  trochlpa.  T.  Tfi  the  t.-injxiral  »Irl.-  of  th<-  trochlt-n  linthe 
Kiiprn-orhltnl  notch.  ».  «nd  Hfintevrbat  to  the  oiitüiilc  of  ttil«  there  In  n  forann'ii.  i.,  which  to 
not  n-iculttrly  pnisent.  for  A  branch  of  thv  xiiprn-orbilal  ni-rvt«.  In  Ihl»  ras*?  the  infra-ortiit«] 
fi<ran](.-ii.  /!,  is  also  abnormaJly  itiviiitxi  into  two  distinct  foramina,  i  is  Muf  orifloe  of  the 
sy(pHnatico-faclal  canal,  fi  the  lAchrjrmal  foMa. 

to  move  the  eye  about  the  same  axis,  but  in  a  contrary  direction.  In 
this  sense  the  six  ocular  muscles  are  divided  into  the  following  {mirs: 

First  pair :  internal  and  external  recti,  which  turn  the  eye  aboat  the 
vertical  axis. 

Second  pair:  superior  and  inferior  recti,  which  turn  the  eyeball 
about  the  frontal  axis. 

Third  pair:  the  superior  and  inferior  obliques,  which  turn  the  eye- 
ball about  the  sagittal  axis. 

A  simple  action  in  the  sense  of  rotating  the  eyeball  about  only  one 
of  the  three  primary  axes  belongs  to  the  first  pair  alone,  the  only  effect 
of  which  is  to  turn  the  eye  inward  and  outward.  The  action  of  the 
other  four  ocular  muscles  ia  a  complicated  one,  and  if  we  seek  to  deter- 
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mine  the  axes  about  which  they  actually  rotate  the  eyeball,  we  find  that 
these  do  not  coincide  with  any  one  of  the  three  primary  axes. 

The  superior  rectus  runs  from  the  apex  of  the  orbit  not  only  for- 
ward, but  also  a  little  outward^  in  order  to  reach  the  eyeball.  Its 
direction,  therefore,  doea  not  coincide  exactly  with  the  sagittal  axis  of 
the  eyeball,  but  forms  with  it  an  angle,  the  branches  of  which  diverge 
posteriorly  (Figs.  ^4  and  103  ,1).  Hence,  as  its  insertion  falls  some- 
what in  front  of  the  center  of  rotation  of  the  eye,  it  will  not  only  ele- 
vate the  latter,  but  also  adduct  it  at  the  same  time.  For  the  same  rea- 
son it  also  rotates  the  eye  in  such  a  way  that  the  upper  extremity  of  its 
vertical  meridian  is  inclined  inward. 

The  inferior  rechis  likewise  deviates  somewhat  to  the  outside  in  its 
course  forward.  Hence,  besides  lowering  the  eye,  it  has  an  iidducting 
action  imparted  to  it.  Furthermore,  it  rotates  the  eye  in  such  a  way 
that  the  upper  extremity  of  the  vertical  meridian  is  depressed  to  the 
outside. 

To  learn  the  action  of  the  superior  oblique  we  have  merely  to  con- 
sider that  section  of  it  which  lies  between  the  trochlea  and  the  eyeball ; 
the  trochlea  being,  so  to  speak,  the  physiological  origin  of  the  muscle. 
Its  chief  action  consists  in  its  rotating  the  eye,  so  that  the  upper 
extremity  of  the  vertical  meridian  is  inclined  inward.  Since,  further- 
more, it  is  inserted  into  the  itosterior  half  of  the  eyeball  and  this 
insertion  lies  below  the  trochlea  {os.  Fig.  5*5),  the  posterior  half  of 
the  eyeball  will  be  raised  when  it  contracts,  and  consequently  the 
cornea  will  bo  depressed.  The  superior  oblique,  in  addition,  produces 
an  abduction  of  the  eyeball,  since  it  is  inserted  behind  the  center  of 
rotiitioQ  of  the  eye,  and  in  its  contraction  draws  the  ponterior  half 
of  the  eyeball  inward,  so  that  the  cornea  goes  outward.  The  action 
of  the  superior  oblique  is  accordingly  to  rotate,  depress,  and  abduct 
the  eyeball. 

The  inferior  oblique  accomplishes,  first  of  all,  n  rotation  nf  the  eye 
in  the  oppo.sit.e  direction  to  that  effected  by  the  superior  oblique — i.  e., 
a  rotation  in  which  the  upper  extremity  of  the  vertical  meridian  is  in- 
clined outward.  Since  its  origin  in  the  margin  of  the  orbit  lies  below 
its  insertion  upon  the  posterior  half  of  the  eyeball  (o/,  Fig.  05),  it 
draws  this  half  downward  and  thus  elevates  the  cornea.  Furthermore, 
since  it  draws  the  posterior  half  of  the  eyeball  inward,  it  abducts  the 
eye.  The  action  of  the  inferior  oblique  is  accordingly  to  rotate,  ele- 
vate, and  abduct  the  eyeball. 

The  internal  and  external  recti  arc  the  only  muscles  which  are  per- 
fect aniagoni.stn  in  every  respect.  The  superior  and  inferior  recti  are 
antagonists  with  respect  to  the  elevation  and  depression,  and  also  with 
respect  to  the  rotation  of  the  eyeball ;  but,  as  adducting  muscles,  they 
both  act  in  the  same  sense.  The  suj>erior  and  inferior  obliques  are 
likewise  antagonists  with  regard  to  vertical  deviation  and  rotation,  but 
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they  have  one  addon,  thai  of  abdoction,  which  takes  plac«  in  the  ■ 
direclion. 

Let  as  make  a  brief  saromary,  shoving  which  of  the  mosclea  act  in 
concert  in  the  njorements  of  the  eye  aboot  the  three  primarj  Axca. 
Adductiou  ia  performed  by  the  internal,  soperior,  and  inferior  recti ; 
abduction  by  the  external  rectus  and  the  superior  and  inferior  obliques. 
The  euf^ierior  rectus  and  inferior  oblique  are  concerned  in  elevating  the 
eye,  the  inferior  rectus  and  superior  oblique  in  depressing  it.  Rotatioa 
of  the  eyeball,  in  such  a  way  that  the  upper  extremity  of  the  Tertioal 
meridian  u  inclined  inward,  is  effected  by  the  superior  oblique  atid 
superior  rectus,  while  rotation  in  the  opposite  sense  iä  effected  by  the 
inferior  obüque  and  inferior  rectus. 

Hence,  in  every  movement  of  the  eyeball  there  are  always  sereral 
mosclee  set  into  action  at  once.  But,  besides,  this  the  muscles  of  one 
eye  act  in  conjunction  with  those  of  the  other  in  such  a  way  that  the 
two  eyes  always  move  in  the  same  sense  {a^xorialion  of  the  ocular 
movements).  These  associated  movements  are  regulated  by  the  oenten 
of  association,  which  are  centers  of  a  higher  order  than  :he  nerve  nudcL 
According  to  the  necessities  of  the  case,  they  innervate  certain  mtracle« 
or  groups  of  muscles  of  one  eye  simultaneously  with  those  of  the  other. 
The  internal  rectus  of  the  right  eye,  for  example,  may  be  set  into  action 
at  the  same  time  with  the  internal  rectus  of  tiie  left  eye,  so  Uiat  a 
movement  of  convergence  takes  place;  but,  on  the  other  hand«  it  niav 
also  act  in  concert  with  the  external  rectus  of  the  left  eye,  so  that  V.(.tli 
eyes  are  turned  to  the  left. 

123.  Orientation.— Orientation  in  space— i.  e.,  the  ascription  of  ob- 
jects seen  to  the  place  where  they  nctuully  belong — is  elTiK*te<l  in  the 
following  way :  The  objects  of  the  external  world  form  images  upon 

the  retina.  To  find  the 
situation  of  the  retinal 
imago  of  any  object 
whutcvcr,  we  only  need 
draw  a  line  from  the 
ohjftft  to  the  retina 
through  the  nodal 
point  of  the  eye  (I:, 
Fig.  96).  Thus  the 
image  of  the  objent  of 
fixation,  o  (Fig.  9fi),  lies 
at  fc  (the  fovea  cen- 
tralis). Object«,  such 
as  fl„  situate«!  iK-ncnth  the  point  of  fixation,  throw  their  image  above  the 
fovea  centralis,  at  *, ;  and,  on  the  other  hand,  the  object  «„  lying  above 
the  point  of  fixation  has  its  image  at  6i,  beneath  the  fovea.  We  our» 
selves  judge  of  the  place  in  which  an  object  is  by  following  out  a  re- 


Fra.  96.— PaoncTioK  or  Rktinal.  Ikaosb  KxmtMU.T. 


4 
I 


DISTURBANCES  OF  MOTILITY   OF  THE   i:YE, 


529 


verse  process.  We  refer  the  object  to  the  extremitv  of  a  line  which  we 
imugine  drawn  from  the  retinal  image  and  through  the  nodal  point  to 
the  outside.  This  process  for  determining  the  place  of  external  ob- 
jects, which  is  learned  by  experience,  is  called  j3rq;'«Yi'on  (of  the  retinal 
images  to  the  outside).  By  virtue  of  it  we  see  the  objects  in  the  outer 
world  arranged  side  by  side  just  as  their  images  are  upon  our  retina, 
only  in  reverse  order  j  whatever  forms  an  image  to  the  right  of  tlie  point 
of  fixation,  is  seen  upon  the  left  of  the  latter,  etc.  We  are  thus  in- 
formed with  certainty  in  regard  to  the  relative  position  of  objects  to 
each  other  {objective  orie^itation).  But  for  perfect  orientation  it  is 
further  requisite  that  we  should  assign  to  its  correct  situation  in  space 
the  whole  mosaic  of  images  which  we  project  from  our  retina  to  the 
outside,  and  which  is  already  jiroperly  constructed  as  far  as  the  rela- 
tions of  its  own  parts  to  each  other  is  concerned.  Not  till  we  do  this 
can  we  have  any  conception,  corresponding  to  the  real  state  of  things ; 
a  conception,  that  is,  of  the  position  of  objects  not  only  with  reference 
to  each  other  but  also  with  reference  to  our  own  body  {subjective  orien- 
tation).  Such  subjective  orientation  depends  upon  our  having  a  knowl- 
edge of  the  position  of  our  own  body  in  space,  and  of  the  position  which 
the  eyes  occupy  in  our  body.  The  former  is  accomplished  by  virtue  of 
the  sense  of  equilibrium,  the  latter  by  the  muscular  sensations  which 
originate  in  the  ocular  nmscles,  and  which  inform  us  how  our  eyes  are 
directed  with  relation  to  our  body.  By  means  of  subjective  and  object- 
ive orientation  together,  we 
are  able  to  recognize  correct- 
ly the  absolute  position  in 
space  of  any  object  that  we 

As  a  mle,  we  see  with  both 
eyes  at  once,  these  being  so 
placed  by  means  of  their 
associated  movements  that 
their  visual  lines  cross  in  the 
object  looked  at — i.  e.,  we 
"fix"  the  object  with  both. 
The  ohject  o  (Fig.  97)  then 
forms  an  image  in  the  fovea 

centralis  (/and/,)  in  both  eyes.  An  object,  Oi,  situated  to  the  left  of 
the  point  of  fixation,  would  cast  an  image  at  b  and  b„  to  the  right  of 
the  fovea  in  both  eyes,  and  in  both  eyes,  moreover,  equally  far  to  the 
right  of  it.  These  images,  as  well  as  all  others  which  are  situated  on 
symmetrically  disposed  spots  of  the  two  retime,  are,  according  to  the 
law  of  projection,  located  by  both  eyes  at  the  same  point  of  the  outer 
world  (o,  o„  etc.),  and  hence  are  seen  single  {btnorulnr  single  vision). 

Interference  with  binocular  single  vision  is  manifested  by  binocular 
84 
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diphpiay  which  always  makes  its  appearaüce  wlieu  the  visual  axis  of 
one  eye  deviates  from  the  object  of  fixation.  For  exam])lo,  the  right 
eye,  R  {Fig.  98),  fixes  the  point,  o,  wliile  the  visual  axis»  y,  of  the  left 
eye,  L,  deviates  inward  because  the  eye  hau  a  convergent  squint.  The 
point,  0,  then  forms  an  image  at  the  fovea, y,  in  the  right  eye,  but  in  the 
left  it  forms  an  image  at  bi  to  the  right  of  the  fovea,/,.  With  the  right 
eye  the  object  is  seen  in  it«  right  place,«.  With  the  left  eye,  too,  the 
object  would  be  seen  at  a  point  opposite  the  retinal  image,  Ä,  that  is,  in 
its  proper  situation,  o,  and  hence  would  bo  seen  single  with  binocular 
vifiion,  if  the  person  possessing  such  an  eye  would  proceed  simply  ac- 
cording to  the  law  of  projection.  But  this  lie  does  not  do,  because  he 
is  in  error  with  regard  to  the  way  in  which  the  left  eye  is  directed.  He 
.knows  nothing  of  the  deviation  of  this  oye  inward,  but  ha«  the  idea 

that,  like  the  right,  it  has 
its  visual  axis  adjusted  for 
the  object.  He  therefore 
expects  the  image  of  the 
object  to  be  at  the  fore* 
in  the  left  eye  as  well  as 
in  the  right.  Bat  as  this 
is  not  the  case,  and  the 
image,  &,  lies  to  the  right 
of  the  fovea,  he  thence 
concludes  that  the  object, 
0,  has  become  displaced 
toward  the  left — that  is,  to 
0, — since  he  knows  from 
former  experience  that  all  objects  situated  to  the  left  of  the  point  of 
fi.xation  throw  their  images  to  the  right  of  the  fovea.  In  this  case, 
accordingly,  the  subjective  orientation  is  not  correct;  the  entire  moflaic 
of  retinal  images  in  the  left  eye  is  located  in  space  too  far  to  the  left, 
because  the  jyerson  who  has  such  an  eye  has  an  erroneous  impression  in 
regard  to  the  way  in  which  it  is  placed  in  his  he-ad  (Nagel,  Alfred 
Graefe), 

The  double  images  that  have  been  here  selected  as  an  example  are 
known  as  /inmonymous,  because  the  image,  o,  seen  upon  the  right  side 
belongs  to  the  right  eye ;  the  one,  o,,  seen  on  the  left  belongs  to  the 
left  eye.  In  practice  this  fact  is  determined  by  temporarily  covering, 
first  one  eye  and  then  the  other,  and  asking  the  patient  which  of  Üic 
two  images  in  each  case  disappears.  We  can  also  place  a  colored  glass 
before  one  eye  and  have  the  patient  tell  which  of  the  two  images  is 
colored,  and  which  appears  of  its  natural  hue.  Homonymous  double 
images  depend,  as  the  preceding  demonstration  shows,  upon  •-•xi-p^^^iv« 
conviTgcnco  of  the  eyea. 

Jleleronj/inoiia  or  cro»»ed  double  imt^es  are  produced  when  there  i«' 
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a  relative  divergence  of  the  eyes.  In  Fig.  99  the  left  eye,  Z,  deviates 
outward.  The  image  of  tho  point,  0,  thereforo,  falls  to  the  left  of  the 
fovea,/,,  at  b,  for  which  reason  the  object  itself  is  erroneously  seen  at  0,, 
to  the  right  of  the  pioint 
of  G.xation,  0.  In  this  ease 
the  left  image  corresponds 
to  the  right  eye,  the  right 
image  to  the  left  eye. 

A  difference  in  (he  lerti 
of  the  double  images  oc- 
curs when  the  eyes  theni- 
aelves  stand  on  different 
levels.  In  Fig.  lOD  the 
eyes  are  represented  as  be- 
hind each  other  instead  of 
side  hy  side.  The  right, 
/?,  fixes  correctly,  hut  the 
left  eye,  L,  is  deviate»!  u])- 

ward.  Hence,  tho  image,  b,  of  the  point,  0,  falls  above  the  fovea,/,,  in 
the  left  eye,  and  the  person  who  luis  such  an  eye,  because  he  believes 
that  it  is  correctly  placed,  imagines  that  ho  sees  the  point,  0,  at  <)„ 
below  its  true  situation,  since  when  the  eyes  are  correctly  placed  all 
*>bject8  situated  below  tho  visual   j)lano  cast  their  images  upon  the 
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■upper  half  of  the  retina.     The  image  which  stands  lower,  therefore, 
always  belongs  to  the  eye  which  stands  higher,  and  vice  vcrsji. 

Doulilc  images  can  also  be  ittrh'ticif  in  such  a  way  that  their  upper 
or  lower  extremities  are  »pproximated.  This  it;  the  case  when  one  of 
the  two  eyes  has  undergone  a  rotation  about  its  sjigittal  axis  and  the 


532 


DISEASES  OF  THE  EYE, 


other  has  not  In  Fig.  101  A^  R  and  L  represent  the  posterior  halve« 
of  the  two  eyea  seea  from  behind  and  imagined  to  be  transjaxent,  k> 
that  the  inverted  image  of  an  arrow  ie  seen  as  it  is  situated  upon  the 
retina.  In  the  right  eye  the  vertical  meridian  of  the  retina,  v  r,  really 
does  stand  vertical,  but  in  the  left  eye  {t\  v,)  it  is  supposed  to  be  in- 
clined. The  image  of  a  vertically  directed  arrow  is  also  vertical  in  the 
two  retinae;  hence,  in  the  right  eye  it  coincides  .with  the  vertical  me- 
ridian, but  in  the  left  eye  it  forms  an  angle  with  the  vertical  meridian. 


FlO.    IUI.— DOPBLX  IlLtnEH  WITH  Obijijujtt. 

because  this  is  inclined.  Since,  now,  the  left  eye  has  been  previondy 
acciiBtomed  to  consider  as  vertical  only  those  objects  the  images  of 
which  coincide  with  the  vertical  meridian,  it  will  consider  the  arrow  as 
having  an  oblique  position.  Hence,  two  images  of  the  arrow  are  seen 
(Fig.  101  Z?,  10  and  ,v),  of  which  that  belonging  to  the  left  eye  stand« 
obliquely. 

When  there  is  binocular  double  vision,  the  two  images  do  not  look 
alike ;  one  is  more  distinct  than  the  other,  and  is  hence  known  as  the 
true  image^  in  contradistinction  to  the  apparent  ijuatje.  The  true  image 
id  the  one  that  corresponds  to  the  eye  which  fiies  the  object.  It  is 
llierefore,  seen  in  its  right  place,  and,  moreover,  is  seen  clearly,  because 
it  is  perceived  by  the  fovea.  The  apparent  image  belongs  to  the  deviat- 
ing eye.  It  is  less  distinct  than  the  image  of  the  other,  eye  because  it 
is  perceived  by  a  peripheral  spot  of  the  retina ;  moreover,  it  is  seen  in 
the  wrong  place,  so  that  the  patient,  if  he  tries  to  reach  out  to  it> 
reaches  to  one  side  of  it — hence  apparent  or  false  image 

A  condition  to  be  strongly  difTcrontinted  from  binocular  diplopia  is 
monocular  diplopia.    The  former  depends  upon  the  fact  that  thoagh 
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there  is  but  one  image  of  the  object  cast  upon  each  one  of  the  two  ret- 
iuse,  it  is  not  thrown  upon  symmetrically  situated  spots;  but  the  lat- 
ter is  due  to  the  formation  of  two  images  of  the  same  object  upon  one 
retina.  Binocular  diplopia,  therefore,  disappears  at  once  when  one  eye 
is  shut,  white  monocular  diplopia  persists,  although  but  one  eye — that 
is,  the  one  which  sees  double — is  open.  In  this  fact  lies  the  most  cer- 
tain diflfereutial  sign  between  the  two  kinds  of  diplopia.  The  cause  of 
monocular  diplopia  is  either  an  anomalous  refraction  of  the  rays  of  light 
or  the  presence  of  a  double  pupillary  opening.  The  former  represents 
one  form  of  irregular  astigmatism  (see  §140),  and  has  its  seat  either  in 
the  cornea  or  in  the  lens  (particularly  in  the  case  of  subluxation  of  the 
lens).  In  incipient  cataract  also  monocular  diplopia  may  develop  aa  a 
result  of  the  unequal  refracting  power  of  the  different  sectors  of  the 
lens,  although  in  tliis  case  monocular  polyopia  (see  page  305)  is  of 
much  more  frequent  occurrence.  A  double  pujuUary  opening  pro- 
duces diplopia  when  the  eye  is  not  adjusted  for  the  distance  at  which 
the  object  of  fixation  is  placed.  It  is  most  frequently  found  as  a  con- 
sequence of  iridodialysis. 

The  line«  of  msertioo  of  the  four  recti  muscles  are  situated  at  unequal  dis- 
tances from  the  margin  of  the  cornea,  and  tisttuDy,  to«,  are  not  quite  concentric 
with  it.  Moreover,  they  are  not  [wrfectly  synitnetrieal  in  their  relation  to  the 
horizontal  and  vertical 
mt'ridians.  The  mean 
Variation«  in  regard  to 
the  position  of  the  lines 
of  insertion  are  shown 
aa  accurately  a-s  possihle 
in  Fig.  102,  which  rci>- 
resents  the  anterior  half 
of  the  eyeball  projected 
upon  a  plane.  In  it  arc 
marked  the  distances  'jf 
the  lines  of  insertion 
from  the  come»  in  milJi- 
metres,  as  I  have  found 
them  from  the  mean  of 
a  gre&t  nunaber  of  meas- 
urements. 

The  muscles  are  sur- 
rounded by  /tuicitr  which 
are  continuous  anterior- 
ly with  Tenon's  capsule  at  the  spot  where  the  latter  is  reflected  upon  the  tendons 
of  the  muscles.  Ijiternl  prolonjiations  of  the  fascite  unite  the  muscles  together, 
and  also  pass  from  them  to  the  hony  wall  of  the  orbit.  By  means  of  this  system 
of  fascia*  pervading  the  orbit,  the  contents  of  the  latter  are  fixed  in  place.  It 
is  owing  to  them  that  the  eye  does  not  leave  its  place  when  performing  its 
moTemeots,  but  tume  about  a  fixed  center.     The  continuations  of  the  fascist, 
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1  wnuld  (hen  hav«"  bcrome  reduced  to  nothing.  In  liko  fiishion,  the  oetion 
L'  iüdividubl  coinpuDuuts  can  be  dfduced  from  tlit-  püsitiim  vi  the  eye 
for  every  other  ocular  muscle  Ji»  noon  n,s  iho  rourw  whieh  it  t)ike)>  is  accurately 
known.  Tili«  fact  is  of  im[H)rtance  for  tlie  diflgnitsiu  uf  jmnvlyse»  of  the  ocuhir 
tDUBclcs,  the  fatlurü  of  live  |iurulyzed  muiiele  being  purticularly  marked  in  the 
direction  of  one  or  the  other  of  tJ>e  com- 
ponents  of  it.s  net  ion,  nccrording  to  the  differ- 
ent way  in  which  tiie  eye  is  directed. 

The  ineit»ureme)tt  of  the  excursions  of  the 
eyeball  is  un  tuip<trtant  mutter  not  only  for 
physiologists,  but  also  for  the  o|>hthnlmic 
practitioner,  pnrticutarly  for  the  determina- 
tion of  the  degree  of  a  i»aralysis,  the  jirogresü 
of  its  improvement,  the  iirognosi.s  of  a  f<quint 
operation,  etc.  The  simido  process  of  lineur 
menmiration,  according  to  the  method  of 
Alfred  Graefe,  ia  applicable  only  to  move- 
ments in  a  horizontal  direction  (abduction  and  adduction).  The  patient  is  first 
made  to  look  Htraight  forward  at  an  object  wbidv  has  l»een  placed  at  i|uite  a 
distance  from  the  eye  in  the  middle  line  of  the  face.  With  the  eycH  in  tbia 
middle  fvoaition,  the  distance  between  the  outer  margin  of  the  cornea  and  the 
outer  angle  of  the  eye  (fw,  Fig.  104)  ia  measured  with  the  circle.  This  dis- 
tance id  aUo  measured  when  the  eyes  arc  turned  as  far  inward  and  as  far  out- 
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irard  as  possible  (ei  and  ca).  The  difference  between  these  values  and  the  vahie 
for  the  middle  position  gives  the  magnitude  of  abduction  and  adduction  of  the 
eyeball.     Suppose  we  have  found  rm  to  l>e  8  mm.,  ci  18  mm.,  and  ea  1  mm. 
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Then  the  adduction  =  ci—em  =  10  mm.,  and  the  alxiuction  =  em—ea  =  7  mm. 
The  adduction  and  aMuction  together  twastitute  the  total  rang'e  of  lateral 
movement  which,  in  the  example  selected,  would  amount  to  17  mm. 

This  method  of  mensuration  is  attended  with  many  inaccuruciea,  but,  owing 
to  its  aimplicity  and  the  rapidity  with  which  it  can  be  performed,  it  is  a  very 
suitable  one,  particularly  for  ciuies  of  stpiiiit.  Au  accurate  measurement  of  the 
excursionH  can  be  made  by  mean«  of  the  perimeter.  The  person  examined  sup- 
ports his  head  on  the  chin-rc,»t  of  the  instniment  in  such  a  way  that  tite  eye  lo 
be  tested  (the  other  meanwhile  must  be  kept  closed)  is  placed  at  the  center 
of  the  periiuetric  arc.  Objects  are  then  moved  alonfj  the  latter  Oarge  test-type» 
beinp  the  best  for  thia  purpose)  from  the  periphery  toward  the  crenter,  until  the 
patient  in  looking  at  the  object  recognizes  it  distinctly  (e.  g.,  can  name  the 
letters,  thus  proving  that  he  is  really  employing  central  fixation).  Of  course, 
in  so  doing,  the  movement*!  should  be  made  with  the  eye  alone  and  not  with 
the  head.  The  limits  thus  found  for  the  excursions  of  the  eyes  are  »et  down 
upon  an  nrdiiiarj'^  perimetric  diagram.  The  region  which  is  bounded  by  these 
Uriiits,  and  which  the  eye  has  under  its  direct  control  tlirough  its  exciir«iona,  is 
called  theßM  ofßxution.  Fig.  105  show»  the  field  of  fixation  of  a  normal  eye 
according  to  Landolt.  Paralyses  of  the  ocular  muscles  manifest  themselves  by 
a  corresponding  limitation  of  the  field  of  fixation. 
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Nerves  or  the  Ocm.,JLR  Mti8<;LBfl. — Pamlyses  of  the  ocular  musclea  are  a 
frecjueiit  symptom  of  cerebral  affections.  He  who  knows  accurately  the  origin 
of  the  muHcular  nerves  of  the  eye  in  the  brain,  and  their  course  down  to  the 
orbit,  will  often  be  able  to  determine,  from  the  kind  of  the  paralyses  and  the 
way  in  which  they  are  combined,  the  site  of  the  lesion,  and  hence  be  able  to 
give  a  more  precise  diagnosis  of  the  brain-disease  with  respect  to  it«  nature 
and  situation  than  would  be  otherwise  powible.  For  this  reason  the  most  im- 
pijrtant  jMiints  relating  to  the  origin  and  course  of  the  nerve«  of  the  ocular  mus- 
cles will  here  be  briefly  given. 

The  movements  of  the  ocular  muscles  are  regulated  by  nervous  centers  of 
different  rank.  The  lowest  centers  arc  the  nuclei  on  the  floor  of  the  rhom- 
boidal fossa  [fourth  v^cntricle]  from  which  the  trunks  of  the  nerves  themselves 
ariie.  Pre.iidiog  over  these  are  centers  of  higher  rank,  the  association  centers, 
for  co-ordinating  the  actions  of  the  individual  ocular  muscles.  The  centers  of 
the  highest  rank  are  situated  in  the  cortex  of  the  brain;  they  are  the  cortical 
centers  for  the  voluntary  movements  of  the  eye.  These  probably  lie.  not 
sharply  sejmrated  from  each  other,  in  the  motor  sphere  of  the  cerebral  cortex. 

The  centers  which  are  most  accurately  known  are  those  of  the  first  rank — 
i.  e.,  the  nuclei  of  origin  of  the  nerves  of  the  ocular  muscles.  These  lie  beneath 
the  aqueduct  of  Sylvius  and  upon  the  floor  of  the  fourth  ventricle  on  both  side« 
of  the  rhuphe.  The  most  anterior  of  them  is  the  nucleus  of  the  itndomotor 
nene  (llf,  Fig.  106),  -which  logins  as  far  forward  as  the  most  posterior  portion 
of  the  third  ventricle,  and  extend«  beneath  the  aqueduct  of  Sylvius  as  far  as  the 
posterior  pair  <^f  tulH^rclcs  of  the  corpus  ijuadrigeminum.  It  may  be  supposed 
to  consi.st  of  a  nural>er  of  partial  nuclei — i.  v.,  of  separate  segments,  each  on* 
of  which  correspond.«!  to  one  of  the  muscles  innervated  by  the  oculomotor  Dorre. 
Ib  what  order  the  individual  partial  nuclei  follow  each  other  is  not  yet  abao- 
iMIlily  known.     It  appears,  however,  to  be  established  that  the  most  antenaTj 
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partial  nuclei  are  set  apart  for  the  accomiDodntion  and  for  the  pupil,  and  that 
next  to  th<'ni  come  thdsc  for  the  internal  recti  {convergence);  pwcceeiiing  these 
are  the  purtial  nuclei  for  the  rest  of  the  muscles  supplied  bj  the  oculomotor 
nerve  (Hensen  and  Völckere,  Rahler,  and  Pick).  Accordingly,  the  nuclei  for 
those  bundles  of  ner\'e-(lbcr8  which  are  always  set  into  action  simultancouMly, 
especially  the  nerves  for  the  contraction  of  the  ]mpil  (sphinct^-r  pupillee),  for 
accomniüdation,  and  for  convergence,  adjoin  each  other;  these  particular  par- 
tial nuclei,  in  fact,  occupying  the  moBt  anterior  part  of  the  whole  oculomotor 
nucleus. 

The  fibers  cominir  from  the  nucleus  of  the  oculomotor  nerve  pass  tlirough 
the  cniA  cerebri  downward  to  the  base  of  the  bruin,  where,  uniting  into  a  com- 
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The  oculonicitnr  nucleu«.  Itl,  lies  beneath  the  anterior  pair  of  tubercles  of  th«  corpus  quadri- 
P'lnlnum,  0.  The  flbera  coming  from  thin  nuclfu»  run,  converjriuK  downward,  and  «•mere» 
as  a  tiDltcd  nerve-trunk,  O,  at  the  anterior  borcter  of  Itie  [jous,  Ihi.  liin-clly  t>etiJnd  toe 
(X'ulfiniotor  nucleus  lie»  the  nucleus,  JJ',  oT  the  troohlpar  nprre,  from  which  the  trunk  of 
the  nerve  passeB  upward.  The  twu  points  (dra«'ii  ot  lifrht  cr4or  In  the  flinirei  directly  above 
it,  and  at  the  po»terlor  tnarKlD  of  the  corpus  quadriKeuiiuum,  represent  the  croaa  »ectlOM 
of  the  Cninkii  r>r  the  trochlear  nerrea  an  tliev  decumate  iii  the  velum  medulläre  anlknim. 
The  mioleim  of  the  a^LiJceoR,  I'V,  He«  upon  the  floor  of  the  fourth  ventricle,,  4,  directly  be- 
neath the  nucleus  of  the  facial  nerve.  I  II.  Tlie  dotted  haiid  running  from  the  niK-leua  of 
the  abducens  to  the  nucleus  of  the  trochlear  nerve  represents  the  posterior  lou|;itudinal  faa- 
cicuhtfl  or>nnPclU)K  the  nerve  nuclei.  TIm-  trunk  of  the  alxlucenN.  .4,  emerge»  a*  the  poa- 
teri«ir  l>or<ier  of  the  [xini.  a,  ahowR  the  site  of  a  leBlon  which,  through  destructitjn  of  the 
Ofiilomot«r  nerve,  O,  and  the  pvramldal  tract,  /',  F.  wouM  result  io  crossed  paralysia  of  thia 
nerve  autt  of  the  extremitli*».  In  like  fashion  a  leoion  at  b  would  produce  croned  paralyala 
of  the  nbducens  and  of  the  extrem^ities.  Pi.  P,.  pyramidal  tract  of  the  other  aide  ;  Th,  optlo 
tiialaiiiiiH. 


moE  trunk,  they  become  visible  upon  the  anterior  border  of  the  pons  (0,  Pig. 
106).  From  this  point  the  nerve-trunk  runs  through  the  cavernous  aioua,  and 
the  superior  orbital  fissure  into  the  orbit. 

The  nucleus  of  the  tmrhltar  nrrt«  (/F,  Fig.  lOfl)  follows  almost  directly 
upon  the  posterior  extremity  of  the  oculomotor  nucleus,  so  that  it  might  al- 
most be  regarded  as  the  l«st  partial  nucleus  of  the  latter.  It  lies  l>eneath  the  an- 
terior tubercles  of  the  corpus  quadrigeminum.  But  the  fibers  whicli  arise  from 
it  do  not  join  with  the  trunk  of  the  oculomotor  nerve,  which  runs  downward, 
but  pass  in  the  opposite  directions  upward  and  toward  the  spinal  column,  into 
the  velum  medulläre  anticum.     In  this  they  pass  over  to  the  other  side  and 
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thus  decussate  with  the  fibers  of  the  opposite  nerve,  and  then  come  out  upon 
the  bfuse  of  the   bruin,  winding  about  tlic  outer  side  of  the  cru»  cerebri. 

The  nucleus  of  the  füxluceti»  ( VI,  Fig.  Iftö)  lies  pretty  far  behind  the  nuclei 
of  the  other  two  nerves^  und  in  the  immediittc  vicinity  of  the  facial  nucleu» 
{  VII,  Fig.  106),  a  little  in  front  of  the  strieB  medulläres.  The  nerve-fiber«  uri»-^ 
ing  from  the  i»uclcu.s  pa-ss  downward  between  the  bundles  of  the  pyntmidal 
trafts  and  become  visible  at  the  po.storior  border  of  the  pons  {A,  Fig.  106). 
Both  the  troc'hlfiir  and  the  abdiicen»  nerves,  aa  soon  a»  they  have  reached  the 
baj«e  of  till-  brain,  run  forward  like  tlic  oculomotor  nerve  and  pass  through  the 
cavernous  sinus  aud  the  superior  orbital  fissure  into  the  orbit. 

Numerous  fibroui*  connections  exist  between  the  nuclei  of  the  nerves  of  the 
ocular  muscle».  These  connections  are  made  by  means  of  the  posterior  longi- 
tudinal fasciculus— i.  e.,  by  those  fibers  which,  on  both  sides  of  the  rhaphc, 
run  from  before  (above)  backward  (downward),  and  connect  the  nerve  nuclei 
lyini,'  at  different  levels.  Trannvers«!  connections  also  exist  through  the  piLssagc 
of  fibers  from  the  nuclei  of  one  side  to  those  of  the  Side  Opposite.  These  connect, 
not  only  the  homonymous  nuclei  of  the  two  sides  (e.  g.,  the  two  oculomotor 

nuclei),  but  also  by  the  aid  of  the  ]>os- 
tcrior  longitudinal  bundle  connect  nuclei 
w^hich  lie  at  different  levels.  Thus  it  is 
assumed  that  the  fibers  arising  from  the 
alxluccns  nucleus  («,  Fig.  107),  while  in 
part  passing  directly  to  the  trunk  of  thft 
abducens  nerve  of  the  same  side  (f ),  also 
in  part  cross  the  median  line  and  become 
associated  with  the  fibers  arising  from  the 
nucleus  of  the  oculomotor  nerve  of  the 
other  side  (ih)  (Huguenin,  Duval,  Graux). 
Hence,  the  nerve-twig  {iC\  which  enter« 
the  internal  rectus  would  bear  filx^re  of 
twofold  origin,  those  from  the  oculo- 
motor nucleus  of  the  sjune  side  («i)  and 
those  from  the  abducens  nucleus  of  the 
other  side  («).  This  arrangement  prob- 
ably serves  the  purpose  of  giving  the 
internal  rectus  a  double  innervation  ac- 
cording as  it  is  going  to  act  in  the  way 
of  convergence  or  of  associated  lateral 
movement.  The  connection  subserving  convergence  would  be  effected  by  the 
(IbiTM  arising  from  the  oculomotor  nucleiLs.  which  are  set  into  action  at  the 
»lan»'  time  with  the  homonymous  fibers  of  the  opposite  side,  and  thus  produce 
a  Hvuergic  contraction  of  the  two  iuterni.  The  contraction  for  lateral  move- 
uicnl  would  start  from  the  abducens  nucleus,  which  stimulates  simultaneouslT 
\\w  external  rectus  of  the  same  side  and  the  internal  rectus  of  the  opposite 
«UIp.  liCtiion  of  one  aMuceiu*  nucleus  would  abolish  the  movement  of  the  ejea 
toward  the  siuue  side,  but  would  not  aboli.'sh  convergence,  which  could  only  be 
I  I  •  iiU'd  by  a  dcstniction  of  the  oculomotor  nucleus.  In  this  way  many  case» 
1  ii|ugnte  paralysis  of  the  ocular  muscles  would  be  accounted  for.  in  which 
llw  interiiUK  is  no  longer  able  to  move  the  eye  laterally  in  conjunction  with  the 
\\i\w\  ryii,  but  is  still  able  to  produce  a  strong  movement  of  convergence. 


Fl(l.    KW.— CoNMKtTIOK    IIKTWKEM  THE    NO- 
CUtl    OF    TRE     OcirUIMOTflR     AND    TBI 

Abuvckks  KxRvn.    Scaaii&no. 
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BrNocuT.AB  VrHioN. — The  fact  of  a  jH-rson's  seeing  single  with  two  eye« 
may  be  accomplished  in  two  ways.  Either  he  fixes  correctly  with  both  eye«  and 
refers  to  the  fsame  spot  the  impressions  produced  in  both  (binocular  single 
vision)  or  one  of  the  two  eyes  fails  to  see,  either  because  it  is  blind  or  because  it 
suppresses  the  impres-vion  that  it  receives  {uionocular  vision).  How  can  we 
know  which  of  these  two  conditions  i»  present  in  any  ^ven  case/  We  make 
tlie  patient  fix  his  gaze  uiwn  an  object — e.  g.,  a  lighted  candle  at  the  distance 
of  some  metres.  H,  then,  we  see  that  one  of  the  two  eyes  is  evidently  devLat-ed, 
binocular  single  vision  can  not  exist.  U,  neverthclesa,  there  is  single  vision, 
this  can  only  \k  explained  upon  the  assumption  that  the  image  formed  in  the 
deviating  eye  is  either  not  jjcrceived  or  is  suppressi-d.  If  manifest  deviation  of 
one  eye  can  not  be  made  out,  we  test  in  the  following  way  to  see  if  there  ia 
correct  binocular  fixation;  While  the  |)crsoQ  under  examination  fixes  his  gaac 
u(K>n  the  lighted  candle,  we  cover  first  one  eye,  then  the  other.  If  the  two  eyes 
arc  rightly  plotted,  euch  will  rtmnin  fixed  in  its  position  after  tlie  other  is  cov- 
ered. But  let  us  assume  that  the  right  eye  derätes  a  little  outward  wiien  the 
left  is  fixed  uiwn  the  object.  If,  now.  the  former  i«  covered,  the  left  will  con- 
tinue in  the  act  of  fixation ;  but  if  the  left  ta  covered,  the  riglit  has  to  lie  brought 
into  the  position  of  fixation  by  a  movement  of  adduction.  Hence,  in  covering 
the  eye  which  is  performing  fixation,  we  notice  a  movement  of  adjustment  in 
the  non-fixing  eye,  the  direction  of  which  movement  ia  precisely  opposite  to 
that  of  the  previous  deflection.  This  movement  nf  adju-stnient  is  still  distinctly 
visible  when  the  deflection  itself  in  too  slight  to  Ix-  recogtiizcd  with  certainly. 
Another  method  of  testing  whether  single  vision  depends  upon  the  fusion  of 
the  two  images  or  npon  the  suppre.<*sion  of  one  of  them  is  aa  follows:  A  priam 
with  its  base  down  is  held  before  one  of  the  eyes  (Tig.  112).  If  there  was  bi- 
nocular vision  before,  two  iinages  would  now  necessarily  be  wen  standing  one 
above  the  other  (o  and  Oi).  But  if  there  ia  »titl  single  räion,  this  can  only  occur 
bccau.^e  the  image  formed  in  one  of  the  eyes  is  either  not  perceived  or  is  neg- 
lected. 

It  h  only  a  jKTson  who  has  binocular  single  vision  tliat  has  also  solid  or 
tUrfoteopii-  vision.  Hence,  we  may  also  test  binocular  vision  with  stereoscopic 
pictures,  special  siuiiii>lcs  of  which  have  been  made  for  t!»is  purpose.  A  par- 
ticularly delicate  test  of  stereoscopic  vistoa — i.  e,,  of  the  jwrception  of  degn-e« 
of  depth — is  by  mean.4  of  Hering's  eiperimaU,  with  /ailing  bodit».  The  person 
under  examination  looks  with  both  eyes  through  a  long  tube  at  a  slender  thread 
stretched  in  a  verticd  direction.  Little  ballsi  (gloss  beads  or  pea.s)  are  dr(tf)ped 
along  the  thread,  sometimes  in  front  of  it,  sometimes  behind.  A  man  having 
proper  binocular  vision  will  tell  every  time,  witlujut  delay  and  without  mi.stnke, 
whether  the  halls  have  fallen  in  front  or  behind  the  thread;  but  one  having 
only  monocular  vision  can  at  best  g\ieaa  at  what  takes  place,  and  hence  often 
makes  a  mistake. 

Binocular  single  vision  is  converted  into  hinnrttlar  double  tition  when  one 
of  the  two  eyes  leaves  the  correct  position  of  fixation.  This  takes  place  most 
frcipiently  in  consequence  of  disturbances  in  the  muscular  apparatus  of  the  eyes, 
such  as  paralyses  or  conf rafturc!  of  1  he  oitular  muscles.  But  the  eye  can  also 
be  forced  mechanicaily  into  an  incorrect  position — e.  g.,  by  tumors  in  the  orltit, 
etc,  Binocular  double  vision  can  readily  be  produced  experimentally  by  push- 
ing one  eye  a  little  to  one  side  by  pre.isure  with  the  finger.  Finally,  double 
vision  ensues  whenever  the  excursions  of  one  eye  are  limited,  as  compared  with 
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those  of  the  other  by  niechaaici»!  obstacles,  an  for  example  by  Symblepharon 
by  pterygium. 

The  {wsition  of  the  double  imag««  bos  been  already  considered  above.  The 
ditttaoce  between  the  double  images  measured  in  degrees  of  arc  correaponda 
precisely  to  the  deflection  of  the  deviating  eye  from  the  correct  position,  and 
can  therefore  serve  as  a  measure  for  the  degree  of  deviation.  The  linear  dis- 
tance between  the  double  images,  on  the  contrary,  depends  not  only  upon  tbe 
degree  of  deviation,  but  also  upon  the  disttmce  to  which  the  double  images  are 
projected.  The  greater  this  distance  is,  the  farther  apart  the  double  images  ap- 
pear to  be.  When  the  double  images  stand  very  close  to  each  other  they  over- 
lap in  part,  so  that  only  their  outline«  apjwar  double.  In  this  case  the  patient 
is  often  not  aware  that  he  sees  double,  but  only  compUuoa  of  seeing  indistinctly 
or  comptuius  thut  every  object  has  a  shadow. 

Double  imageH  interfere  with  rision  and  cause  confuaion,  so  that  every  one 
tries  to  avoid  them  as  fur  as  he  can.     He  does  this  by  attempting  to  bring  the 

eyes  by  suitable  muscular 
effort  into  a  proper  poö- 
tioD,  so  that  the  doubl« 
images  coalesce.  Thia  at- 
tempt at  union  or  fusion 
of  the  double  images  b 
called  the  tfjui^tiey  to  fu- 
*ion,  Fre<iueiitly  by  vir- 
tue of  it  considerable  ob- 
stacles opposing  single  vis- 
ion are  overcome.  The  fol- 
lowing experiment  shows 
this :  We  make  the  pattest 
fix  an  object,  0,  and  tbea 
hold  before  one  of  the 
eyes,  for  instance,  tberigtit 
one,  a  prism,  P,  whose  base  is  directed  toward  the  temporal  side  (Fi|f.  106). 
The  rays  coming  from  o  are  deflected  toward  the  base  of  the  prism,  and  would 
strike  the  retina  of  the  eye  at  a  jwiint  to  the  outer  aide  of  tbe  fovea;  bot 
in  that  ca-te,  as  the  objert  forms  an  image  at  the  fovea,  /i,  in  the  left  eye, 
crossed  double  images  would  be  produced.  To  prevent  this,  the  right  eye  ia 
turned  inward  until  the  fovea,/,  has  moved  outward  suflBciently  far  to  be  im- 
pinged upon  by  the  ray»  which  have  been  deflected  by  the  prism.  Hence,  to 
avoid  seeing  double,  an  iticrea.scd  effort  of  convergence  is  made,  so  that  the 
visual  lines  cross  at  A  instead  of  at  0.  By  this  convergence  the  prism  is  "  over- 
come." By  placing  constantly  stronger  and  stronger  prisms  before  the  eye,  we 
find  the  strongest  prism  which  can  be  still  overcome  by  convergeooe;  the  maxi- 
mum of  convergence  thus  determined  is  known  as  the  adduction.  If  the  prism 
is  placed  before  the  eye  with  the  base  inward,  the  rays  passing  through  it  anr 
deviated  in,  and  the  image  of  the  object  is  thrown  to  the  inner  side  of  the  fovea. 
The  eye  must  then  be  tunied  outward  in  order  to  bring  the  fovea  to  the  place 
of  the  image.  In  thi.s  case,  accordingly,  to  produce  single  vision  the  priam  b 
overcome  by  a  diminution  of  the  convergence,  or,  in  other  words,  by  a  diverge 
ence  of  the  eyes.  The  strongest  prism  which  can  be  overcome  in  this  way  gives 
the  measure  of  tbe  abduction.     The  tendency  to  fusion  also  makes  itself  apparaot 
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if  a  prüm  is  place<i  before  the  eyen  with  its  base  up  or  down  (Fig.  112).  In  this 
case  there  are  formed  double  imuges  with  a  diSereoce  of  level,  which  have  to 
be  united  by  a  deviation  of  ooe  eye  upward  or  downward.  Quite  strong  prisma 
can  be  overcome  by  adduction,  weaker  ones  hy  abduction ;  and  only  very  feeble 
prisniM  (of  l*"  or  2°J  cau  be  overcome  by  vertical  deviation  of  the  eyes. 

Monocular  diplopia  with  double  pupillary  aperture  ( iridodialysis,  perforation 
of  the  iris,  division  of  the  pupil  into  two  part»  by  an  opacjuc  Btrand,  etc.)  takes 


Fio.  loe.— .Si  II 


FxpERiMENT.     (Th«?  eye  is  udJusU-d  for  Ihe  poiut  >.». > 


place  only  when  the  eye  is  not  properly  focused;  otherwise,  there  is  single  vision, 
even  with  a  double  pupil.  Ttiis  fact  is  accounted  for  by  the  well-known  experi- 
ment of  Scheiner.  Two  holes  are  made  in  a  piece  of  curd-board  with  a  ni'cdle, 
the  distaace  between  thera  being  somewhat  less  than  the  diameter  of  the  pupil, 
so  that,  when  looked  through,  both  tie  at  the  smmc  time  in  front  of  the  ]mpil. 


Fio    no.— SrHKiwtR'«  ExPBKiiiCNT,    (The  eye  is  not  «"IjuBlwl  for  the  polot  o.) 

Through  tliia  apparatus  we  look  at  an  object — e.  g.,  at  a  tightly  stretched 
thread,  o,  at  a  distance  of  twenty-five  centimetres.  If  the  eye  is  focused  for 
this  distance,  all  the  rays  emanating  from  the  object,  o,  are  united  upon  the 
retina  at  the  point,  oi  (Fig.  10&).     If,  now,  out  of  the  whole  cone  of  rays  only 
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those  are  transmitted  which  pass  through  the  two  holes,  theap  rays  still  unite  to 
form  an  itaag^o  at  Oi ;  the  ouly  change  wliich  thLs  image  undergoes  hy  haviog 
the  diaphragm  placed  before  it  is  an  enfeeblement  of  its  luminosity  due  to  the 
cutting  off  of  many  ray».  But  if  the  eye  is  not  focused  for  the  distance  of  the 
object  (Fig.  UUJ,  tlie  apex  of  the  cone  of  rays  doe«  not  fall  up<jn  the  retina, 
but  (in  this  case)  behind  it  at  oi.  The  cone  of  rays  is  cut  off  in  front  of  it«  apex 
by  the  retina,  so  that  the  image  of  the  point,  o,  is  a  disk  (diffuaioncintlcj,  «, 
and  the  jioint  looks  com[tletely  blurred.  But  if  now  ouly  two  bundles  of  raya 
out  of  the  entire  cone  are  admitted  to  the  eye  through  the  diaphragm,  each  one 
casts  ita  own  smaller  diffusion-circle  {b  and  bi) ;  the  point,  o,  is  now  seen  more 
distinctly,  it  is  true,  but  ia  seen  double. 

In  myopia,  especially  of  fiigh  degree,  the  complaint  ia  sometimes  made  of 
monocular  dijilopia.  This  makes  itself  particularly  apparent  when  rectilinear 
outlines,  such  as  telegraph  wires,  Iho  outlines  of  picture-frames,  etc.,  become 
object»  of  fixatiou,  they  then  appearing  double.  Here  we  are  probably  dealing 
with  the  effect  of  an  irregular  astigmatism. 


1.  Insufficiekcy  op  the  Ocular  Muscles. 

124.  In  the  normul  state  the  eyes  arc  in  perfect  viuscukir  equilib- 
rium in  every  natural — i.  e.,  not  forced — position.  Whattlie  expression 
musciilur  equilibrium  signifies  is  rendered  clear  by  the  following  experi- 
ment ;  We  canse  the  patient  to  til  au  object  at  a  distance  of  thirty 
centimetres  with  botli  eyes.  Then  we  push  a  sheet  of  paper  before  one 
eye  and  waleh  beiiind  the  piiper  the  eye  thus  covered.  We  shall  find 
that  the  eye  roniaius  correctly  adjusted  for  the  object,  although  it  no 
longer  sees  it.  It  remains  steadily  in  the  position  of  fixation  because 
this  is  the  position  of  equilibrium  for  the  eye.  Tlvis  position  is  the 
resultant  of  the  varying  amouutj?  of  innervation  which  are  supplied  to 
the  individual  muscles  and  which  are  distributed  among  them  in  proper 
proportions. 

Disturbances  of  muscular  equilibrium  are  recognized  by  the  same 
experiment.  For,  .su[ipasü  that  both  eyes  are  prof>er]y  adjusted  for  the 
object  held  before  them.  A  screen  is  now  held  before  one  eye.  This 
deviates  behind  the  screen  in  some  way — say  outward.  W^hen  then  the 
screen  is  withdrawn,  the  visual  axis  of  this  eye  is  no  longer  directed  at 
the  object,  but  the  eyo  has  an  outward  squint.  It  hence  has  to  be 
brought  back  to  the  position  of  fixation  by  a  movement  inward  (moTe- 
ment  of  adiluction).  Hence,  on  withdrawing  the  screen  we  obeerve  a 
movement  of  iiie  eye  in  a  direction  precisely  opposite  to  that  of  its 
deriation  behind  the  screen  (movement  of  readjuslmcnf  or  redress). 
Thb  latter  movement  is  generally  enjsier  to  make  out  than  the  devia- 
tion of  the  eye  behind  the  screen,  and  hence  is  currently  employed  as  a 
means  of  recognizing  the  latter.  If,  on  the  withdrawal  of  the  screen, 
the  eye  makes  a  movement  of  redress  inward,  it  has  been  deviating  out 
Uiind  the  screen,  and  vice  versa.  The  phenomena  that  present  them- 
aihw  in  this  experiment  are  accounted  for  as  follows :  In  the  example 
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i,  in  which  the  eye  deviates  out  behind  the  screen,  the  two  eyes 
daring  the  tict  of  fixation  were  not  in  muscular  equilibrium,  but  the 
external  oculur  muscles  preponderated  over  the  internal  muscleiä.  Yet, 
so  long  as  vision  was  performed  with  both  eyes,  there  was  correct  fixa- 
tion, because  otherwise  there  would  have  been  double  vision.  Now, 
there  is  a  great  antipathy  toward  double  images  and  a  correspondingly 
strong  effort  to  secure  single  vision  (tendency  to  fusion;  see  l>uge 
540).  ilence,  an  amount  of  innervation  in  excess  of  tlie  normal  is 
conveyed  to  the  intcrni,  in  order  to  oppose  the  preponderance  of  the 
.«xtemal  ocular  muscles.  But  as  soon  as  one  eye  is  covered,  diplopia 
[«an  no  lunger  take  place;  there  is  now  no  object  in  muintaiuiug  an  ex- 
{«essive  exertion  on  the  part  of  the  intcrni,  and  the  eye  in  obedience  to 
the  preponderating  force  of  the  extorni  rolls  outward.  The  position  of 
eqiiilibriuai  for  this  eye  is  therefore  a  pathological  one — namely,  a  posi- 
tion of  divergence  to  a  certain  amount.  As  soon  as  the  screen  is  with- 
drawn again,  double  images  make  their  appi-arance,  which,  however, 
are  speedily  unite<i  by  the  return  of  the  deviating  eye  to  its  normal 
,  position  once  more. 

The  disturbance  of  equilibrium  of  the  ocular  muscles  that  has  just 
been  described  is  known  as  insufficiency.  When  the  externi  predomi- 
nate, we  speak  of  insufficiency  of  the  interni ;  *  in  the  opposite  case,  of 
insufficiency  of  the  externi.  \ 

Strabismus  and  paralysis  of  the  ocular  muscles  are  also  disturbances 
of  equilibrium.  Insurticiency  is  distinguished  from  them  by  the  fact 
that  under  ordinary  circumstances  it  is  not  apparent,  since  it  is  com- 
pensated for  by  a  correspondingly  greater  exertion  of  the  feebler  mus- 
cle.    It  is  hence  called  latent  or  dynamic  squint  (Von  Gmefe). 

The  muses  of  insufficiency,  giving  one  pair  of  muscles  the  prepon- 
derance over  the  other,  are  partly  organic,  partly  ftiuctionah 

(rt)  '1l\\q  argnnic  causes  dei>end  upon  anatomical  conditions,  such  as 
the  size  of  the  muscle,  the  way  in  which  it  is  inserted,  etc.  Matters 
that  also  come  in  for  consideration  are  the  size  of  the  eyeball — since 
large  eyes  (in  e-xcessive  myopia)  are  more  difficult  to  move  than  small 
ones — the  distance  of  the  two  eyes  from  each  other,  etc. 

{b)  As  functional  causes  of  insufficiency  may  be  adduced  general 
muscular  weakness,  after  exhausting  ilisejujcs  or  due  to  affections  of  the 
nervous  system.  But  much  greater  aignilicance  attaehes  to  those  causes 
which  spring  from  a  disturbance  in  the  relations  between  accommoda- 
tion and  convergence.  These  two  functions  in  an  emmetropic  eye  go 
hand  in  hand,  so  that  with  each  definite  degree  of  accommodation  there 


*  [Also  called  exophoria,  from  f{w,  outwanl,  and  ^opiif,  to  tend  (G.  T.  Stevens). 
-D.] 

t  [Also  called  esophorta,  from  tfftt.  inwanl,  arid  ^optlv.  to  lond.  Similnrlv,  insiif- 
ficiencT  pnxlucirip  difference  in  level  of  the  eyes — vertical  iiisuflßciency — is  called 
hyperphoria,  from  6»^p,  above  (G,  T.  Stevens). — ^D.] 
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is  afisociated  the  quantum  of  convergence  that  belongs  to  it,  and  vice  | 
versa  (see  §  141).  When  such  eyes  accommodate  for  an  object  situated 
at  a  distance  of  thirty  centimetres,  for  example,  they  also  converge  for 
the  same  distance,  and  hence  are  still  in  a  state  of  muscular  equilib- 
rium. If  an  eye  has  an  abnormal  condition  of  the  refraction,  either 
myopia  or  hypermetropia,  the  quantum  of  accommodation  required  for 
any  given  distance  changes  accordingly.  The  myope  requires  leas,  the 
hypermetrope  more  accommodation  than  the  emmetropic  person.  The 
convergence  may  adapt  itself  to  these  altered  conditions,  so  that  the 
harmony  between  the  accommodation  and  the  convergence  \b  preserved. 
But  very  often  this  is  not  the  case.  A  myope,  for  example,  whose  far ' 
point  lies  at  thirty  centimetres  needs  uo  accommodation  at  all  to  see  an 
object  at  this  distance  distinctly.  Hence,  the  necessary  impulse  for  the 
requisite  degree  of  convergence  is  wanting,  because  with  the  accommo- 
datiüu  at  rest  the  eyes  tend  to  arrange  themselves  parallel  to  each  other, 
and  in  this  case  an  insufficiency  of  the  interni  will  exist. 

The  reverse  is  true  of  hypermetropes  wlio  have  to  employ  an  exoe»*^ 
sive  degree  of  accommodation  for  the  distance  of  thirty  centimetre«. 
Consequently,  there  is  a  tendency  to  converge  too  strongly — a  fact  which 
gives  the  preponderance  to  the  interni  and  produces  the  symptoms  of 
insufficiency  of  the  externi.  The  disturbances  of  equilibrium  arising 
from  the  conjoined  action  of  a(;oonimodation  and  convergence  are  of 
great  importance,  because  they  lie  at  the  bottom  of  most  oases  of  stra- 
bismus. 

The  consequences  of  an  insufficiency  vary  according  to  its  degree. 

1.  Slight  degrees  of  insufficiency  are  overcome  without  difficulty  by 
a  correspondingly  strong  innervation  of  the  weaker  pair  of  muscles,  and 
cause  no  trouble  whatever. 

2.  Mean  and  extreme  degrees  of  insufficiency  impede  the  converg- 
ence which  is  required  for  every  kind  of  close  work,  like  reading,  writ- 
ing, and  all  the  more  delicate  varieties  of  handicraft.  Hence,  the  eyes 
get  tired  when  the  work  is  carried  on  too  long ;  the  object  looked  at 
grows  indistinct  and  often  looks  double;  and  subsecinently  headache 
and  even  nausea  set  in.  This  condition  is  known  as  axthenopia  muscu- 
laris  (to  distinguish  it  from  accommodative  and  nervous  asthenopia). 
It  is  a  characteristic  mark  of  it  that  the  asthenopic  difficulties  disap- 
pear at  once  if  the  patient  closes  one  eye  and  uses  but  one  for  fixation, 
since  then  no  convergence  is  required. 

3.  The  insufficiency  of  the  interni  which  is  so  frequent  in  myopic 
eyes  favors  the  progress  of  the  myopia,  because  it  makes  convergence 
difficult  and  laborious. 

4.  High  degrees  of  insufficiency  often  pass  into  strabismus,  and,  in 
£act,  into  divergent  or  convergent  strabismus  according  as  the  external 
or  internal  recti  predominate.  Tlie  impulse  for  the  transformation  of 
insufficiency  (or  latent  strabismus)  into  manifest  strabismus  is  often 
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[furnished  by  the  fact  that  one  of  the  eyes  has  its  visual  power  reduced, 
80  that  bjnocuUr  vision  becomes  of  less  utility  or  is  actually  abolished. 
Then  the  condition  of  affairs  becomes  the  same  as  that  which  the  ex- 
periment for  testing  insufficiency  produces  artificially,  when  one  eye 
is  covered  and  thus  excluded  from  the  act  of  vision.  For  this  reason 
blind  eyes  are  very  frequently  found  to  deviate  out  or  in. 

Treatment. — Only  those  cases  of  insufficiency  which  cause  trouble 
or  threateu  to  pass  into  strabismus  call  for  assistance.  The  condition 
whioh  mainly  rt-quires  consideration  in  this  point  of  view  is  insuffi- 
ciency of  the  interna,  which  renders  convergence  difficult,  and  thus 
makes  continuous  work  impossible.  The  defecti%'e  convergence  may  be 
assisted  by  prisms.  These  are  placed  before  both  eyes  in  such  a  way 
that  their  base  is  directed  inward  (P  and  /^,  Fig,  111).  The  rays  com- 
ing from  the  fixed  point,  o,  are  deflected  by  each  prism  toward  its  base- 
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The  eyes,  therefore,  need  only  converge,  as  though  they  were  fixing  the 
more  remotely  situated  point,  o,.  Both  on  aoconut  of  the  weight  of  the 
stronger  prisms  and  of  the  chromatic  dispersion  that  they  cause,  only 
those  of  -t",  or  at  most  of  (j°,  for  each  eye  can  be  used.  They  may  be 
combined  with  spherical  glasses.  For  higher  degrees  of  insufficiency 
tenotomy  is  indicated.  This  is  performed  upon  the  muscles  which  have 
the  preponderance — e.  g.,  upon  the  eitemi  in  insufficiency  of  the  in- 
terni. 

We  can  tcrt  the  capacity  of  converp^encc  by  bringing  an  object — c.  g.,  the 
extended  finger,  htid  in  the  inid<Ile  iinc»^ — closer  and  closer  to  the  pereon  under 
examination.  When  the  capacity  for  convergence  is  normal,  the  eyes  can  con- 
verge to  the  tip  of  the  nose.  If  one  of  tlie  eyes  devialea  out  beforu  this  point 
ia  reached,  this  proves  an  in-suffirinncy  of  the  interni.  But  the  converse  con- 
cluaioD,  that  there  ia  muscular  equilibrtum  if  no  deviation  occurs,  can  not  be 
•65 
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drawn.  It  is,  in  fact,  quit«  possible  that,  whon  the  tendency  to  fusioii  is  , 
and  a  stroag  effort  of  the  will  is  made,  the  extreme  amouut  of  coDTer^ucv  c&n 
be  produce<l  for  a  moment,  while  even  moderate  degrees  of  oonvergenoe  cut 
not  >je  borne  if  thej  hare  to  be  steadily  maintained.  So,  too,  a  weak  man,  by 
calling  forth  his  whole  energy,  can  make  a  single  great  exhibition  of  strength, 
while  lie  is,  nevertheless,  unable  to  do  hard  work  for  an  entire  day.  Hcnc«, 
the  surest  metliod  for  discovering  an  innuificiency  is  still  that  which  consist«  in 
alternately  placing  a  screen  before  the  eyes  and  withdrawing  it  again,  when,  if 
there  is  any  insufficiency  present,  there  is  always  a  movement  of  redress  upon 
the  withdrawal  of  tlie  screen. 

For  the  numerical  determination  of  the  degree  of  insufficiency  Von  Graefe 
ho»  proposed  his  equilibrium  tut.  This  starts  from  the  fact  that  a  disturbance 
of  e(tuilibriuro  becomes  manifest  as  soon  as  binocular  single  vision  is  rendered 
impossible.  To  accompiisli  this,  we  place  before  one  eye  a  prism  with  its  base 
down  or  up  and  of  such  strength  that  it  can  not  be  overcome  by  an  effort  of  the 
eyes  acting  to  plan-  tliem  on  difFcrent  levels  (see  page  541).     For  example,  we 


Via.  [U.~Vu»  iiUAiurt's  Ei^i-iuinuL'H  Test. 


place  the  prism,  P(Fig.  113  A),  whose  refracting  angle  amounts  to  10°,  with 
its  base  down  before  the  left  eye,  and  tcU  the  pennon  under  examination  to  fix  his 
gaze  upon  an  object,  o  (e.  g.,  a  black  dot  upon  wliite  paper  or  when  the  object 
is  to  be  at  a  greater  distance,  at  a  candle  flame).  The  left  eye  now  s<>e«  the 
object,  o,  not  at  it*  proper  place,  btit  at  o»;  and  hence  with  both  eyes  together 
there  are  seen  double  image«  on  different  levels.  If  there  is  muscular  equilib- 
rium, BO  that  the  eyes  converge  properly  at  o,  the  two  images  stand  vertically 
over  one  another  {L  and  li.  Fig.  113  B).  But  if  there  is  a  disturbance  of  eijoi- 
librium,  and  consequently  an  excessive  or  a  deficient  convergence,  a  laleral  sepa- 
ration of  the  images  is  s\iperndded  to  the  difference  of  level.  In  fact,  the  effort 
to  compen.Hiite  for  the  insufticiency  by  increased  innervation  of  the  feebler  mus- 
cles now  disappears,  since  the  double  images  could  not  be  seen  as  one  in  aoj 
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case  on  aecoimt  of  tlie  dillcrcncc  of  level.  Now  suppose,  for  instance,  tliat 
the  extenii  jirt'dominute.  Then  the  left  eye  ilevjate»  out  l)ch'm<l  the  prism. 
The  jMiint  «  eonwquently  cast.s  iin  image  to  the  outer  side  (U'ft)  of  the  fovua, 
ami  is  therefore  seen  too  f«r  to  the  ri^ht  (cro9,«id  double  images,  Fip.  HÜ). 
Hence,  the  upper  jioint  whieh  belongs  to  the  left  eye  no  longer  stand»  vertically 
above  the  lower,  but  to  the  right  of  it  (Fig.  113  C).  If  now  a  itecoiid  prism, 
the  base  of  which  looks  inward,  i»  placed  before  the  pri.sm  whieh  lias  it»  bam: 
down,  the  rays  coming  from  the  point  are  deflected  by  it  inward  toward  the 
fovea,  and  the  Ujijht  image  moves  Jo  a  point  niurt-  nearly  above  the  other.  By 
trying  stronger  uad  stronger  prism»  we  can  at  lengUi  find  one  whieh  brings  the 
two  images  exactly  over  each  other  in  a  vertical  line.  This  corrects  the  lateral 
deviation  of  the  eyes,  and  henee  gives  the  numerical  ex])reHi<ion  for  the  insuffi- 
ciency. We  usually  determine  the  insufficiency  in  this  way  for  two  di^tnItces — 
namely,  for  infinite  distance  (i.  e.,  0  metres),  and  fur  the  ordiijury  reading  distance. 
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II.    Pa ItA LYSIS  OF  THE   OCULAK   MlSCLES. 

125.  Symptoms.  1.  Limilalion  of  Movement. — In  paralysis  of  an 
ocular  muscle  the  excursion  of  the  eye  toward  the  .side  corresponding 
to  the  action  of  the  muscle  that  is  paralyzed  is  diminished  or  entirely 
abrogated.  If,  for  example,  the  external  rectus  of  the  right  eye  were 
completely  paralyzed,  the  right  eye  could  be  brought  only  to  the  mid- 
dle line  and  not  heyond  it  to  the  right.  Wlicn  the  paralysis  is  of 
slighter  degree,  the  deficiency  iu  motility  is,  of  course,  less  considerable, 
and  often  can  only  be  matle  out  by  comparison  with  the  other,  or  soimd 
eye.  In  very  slight  paralyses  the  defective  motility  is  not  niarke<l 
enough  to  l)e  recognized  at  all  with  certainty.  This  is  particularly 
true  of  those  muscles  which  have  a  complicated  action,  and,  above  all, 
of  the  two  obli<iiic8.  In  these  cases  we  must  rely  for  our  diagnosis 
upon  the  double  images  prcniuced. 

The  result  of  the  limitation  of  mobility  is  a  lagging  behind  of  the 
eye  when  an  associated  movement  is  initiated  within  the  sphere  of  action 
of  the  paralyzed  muscle.  Thus,  if  in  paralysis  of  the  right  extcmus  a 
point,  0  (Fig.  113),  situated  ujfon  the  right  should  be  the  object  of 
fixation,  the  left  eye  will  be  adjttsted  for  it  properly;  but  the  right  eye 
will  not  be  turned  sufficiently  far  to  the  right,  and  consequently  its 
visual  axis,  //,  will  shoot  off  to  the  left  of  the  object.  The  eye 
"  squint«  "  inward  (utrahiitmus  parnhjticuit,  or  luHcitas  *).  This  ßfpiint- 
ing  takes  place  only  when  the  eye  is  turned  in  the  direction  of  the 
sphere  of  action  of  the  paralyzed  muscle,  and  becomes  more  pronounced 
the  farther  the  eye  is  moved  toward  this  side;  but  in  all  directions  of 
the  gaze  in  whicli  the  paralyzed  nmscle  does  not  have  to  participate, 
"the  eyes  stand  in  their  proper  position.  By  this  fact  paralytic  sc|uint 
is  distinguished  from  ordinary  or  concomitant  squint,  which  is  present 

•  Sfrnbisi/tiiM,  trom  arpi^i»,  to  turn.  The  lorru  linteitai^  comes  from  luHfui^. 
«quintinp,  and  i»  at  present  used  exclusivfiy  for  paralytic  strabisrau?-.  From  luscus 
is  derived  the  French  louche. 
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in  sU  directions  in  which  the  eye  is  turned,  and  always  in  the 
amount. 

The  measure  of  the  deflection  is  determined  by  the  angle  *  (Fig. 
113),  that  the  visual  axis,  ^,  makes  with  the  line  of  direction,  r,  which 
passes  from  the  object  to  the  retina  through  the  nodal  point  of  the  eye, 

and  which  gives  the  place  of  the 
retinal  image,  b.  This  deflec- 
tion of  the  squinting  eye  \a 
known  as  the  primary  deviation. 
While  the  patient  keeps  on 
lookiug  at  the  object,  o,  a  screen, 
Ä,  is  placed  before  the  left  eye 
(Fig,  114).  Now  the  right  eye 
takes  up  the  task  of  fixation,  it 
being  presupposed  that  it  can  be 
really  hrouglit  far  enough  to  the 
right  for  this  purpose.  If  now 
we  look  at  the  left  eye  behind 
the  screen  we  shall  find  it  turned 
strongly  inward — much  more  so, 
in  fjict,  than  the  right  eye  had 
been  previously.  The  deflection 
of  the  sound  eye  when  covered» 
which  is  measured  by  the  angle 
*,  (Fig.  114),  is  called  t\ie»econd- 
nry  deviation,  which  therefore 
exceeds  the  primary  deviation  in 
magnitude.  It  is  accounted  for  as  follows  :  When  with  both  eyes  un- 
covered the  gaze  was  directed  toward  the  right,  the  left  internus  and 
the  right  externus  received  the  ordinary  impulse  for  a  movement  to 
the  right ;  but  the  right  eye  lagged  behind  the  other  in  proportion  as 
the  right  externus,  owing  to  its  impaired  innervation,  failed  to  answer 
to  the  impulse.  If  now  the  left  eye  is  covered,  the  patient  is  compelled 
to  make  fixation  with  the  right.  He  can  accomplish  this,  supposing 
that  the  object  does  not  lie  too  far  to  the  right,  by  sending  into  the 
right  externus  a  very  strong  impulse  of  innervation,  although  in  so 
doing  he  still  obtains  only  a  very  slight  effect.  He  can  not,  however, 
innervate  thus  strongly  the  right  externus  alone,  but  can  simply  send 
out  a  very  energetic  impulse  for  a  lateral  movement  to  the  right  to 
both  eyes — an  impidse,  therefore,  which  also  affects  the  left  internus. 
Uut  in  the  latter  the  impulse  has  its  full  effect,  so  that  the  left  eye  is 
drawn  very  strongly  to  the  right  (inward).  Thus,  while  in  primary 
i  deviation  it  is  a  mere  question  of  lagging  behind  of  the  eye,  secondary 
Bviation  is  produced  by  a  powerful  muscular  traction ;  therefore,  the 
»ndary  deviation  is  greater  than  the  primary.     This  point»  too,  is  of 
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importance  in  distinguishing  between  pjiralytic  and  concomitant  squint, 
since  in  the  lutter  the  primary  and  socündary  deviulion  are  equal.  To 
measure  the  magnitude  of  the  primary  and  secondary  deviation  the 
best  way  of  proceeding  is  to  mark  the  ])osition  of  the  external  nuirgin 
of  the  cornea  each  time  by  an  iuk-dot  upon  the  lower  lid,  as  will  be  set 
forth  more  precisely  in  the  section  on  strabismus  (§  127). 

2.  Fahe  Orientation. — With  the  paralyzed  eye  the  patient  does  not 
aee  objects  in  their  true  place;  for  suppose  that,  when  the  right  ex- 
ternal rectus  is  paralyzed,  he  shuts  the  left  eye  and  looks  with  the 
right  alone  at  an  object  situated  a  little  to  the  right  hand — i.  e.,  within 
the  sphere  of  action  of  the  paralyzed  muscle — and  then  is  told  to  point 
quickly  at  the  object  vvith  his  extended  iiulex-fiuger :  as  he  does  so, 
the  finger  will  always  be  carried  to  the  right  of  the  object,  whence  it 
follows  that  the  latter  is  seen  too  far  to  the  right  (  Vtm  Graefe'g  grop- 
ing-test).  The  same  phenomenon  comes  to  light  when  the  patient 
tries  to  walk  straight  toward  a  given  point  Mith  the  help  of  his  par- 
alyzed eye,  the  other  being  closed.  lie  takes  a  wavering  and  zigzag 
course,  first  bending  his  steps  too  far  to  the  right,  then  recognizing 
his  mistake  and  correct- 
ing it;  then  deviating 
anew  to  the  right,  and  so 
on. 

Tlie  explanation  of  this 
occurrence  is  similar  to 
that  which  has  been  giv- 
en for  binocular  diplopia 
{page  53ö).  The  object 
is  falsely  localized,  because 
the  patient  is  in  error  in 
regard  to  the  position 
which  his  eye  occupies. 
When  (Fig.  115)  the  pa- 
tient with  his  paralyzed 
right  eye  so  fixes  the  ob- 
ject, 0,  which  is  placed 
somewhat  to  the  right  of 
hirn,  that  it  forms  an  image 
upon  the  fovea  centralis, 
/,  he  can  accomplish  this 
only  by  the  strongest  possi- 
ble innervation  of  his  par- 
alyzed externus.  Xow,  the 
ideas  which  we  have  with  respect  to  the  position  of  our  eyes  depend 
upon  our  sensations  with  regard  to  tlie  innervation  of  the  individual 
muscles.     The  patient,  tlierefore,  is  compelled  to  believe  that  the  right 
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treme  cases  not  until  tlie  gaze  was  direct^nl  quite  laterally  (as  when,  for 
eiamplc,  the  (laticnt  looks  behind  him  to  the  right).  From  the  direc- 
tion of  the  cyos  in  whit-h  douhle  images  and  strabismug  mako  their 
appearance,  from  tlie  position  of  these  double  images  with  respect  to 
each  other,  and  from  the  way  in  which  their  distunce  apart  incrcikses 
or  diminiahes  according  to  the  different  directions  in  which  the  eyes 
are  looking,  we  diagnosticate  wliich  of  the  ocnhir  mußcles  is  paralyzed, 
and  whether  we  are  dealing  with  a  cojnplete  or  an  incomplete  pni-nlysis. 

4.  Vertigo. — This  is  the  result  both  of  the  fake  orientation  and  of 
the  diplopia.  It  oft^in  makes  its  appeamnce  even  in  walking  upon  a 
leveä  Hoor,  but  does  so  still  more  in  going  up  and  down  steps,  in  per- 
forming complicated  manipulations,  in  doing  work,  etc.,  and  makes 
the  patient-a  unsteady  and  timid,  and  even  excites  a  tendency  to  vomit. 
Tliis  kind  of  vertigo  is  known  as  visual  vertigo,  and  i«  distinguished 
from  other  kinds  by  the  fact  that  it  disappears  at  once  when  the  para- 
lyzed eye  is  covered.  Most  jiatienta  hit  upon  this  fact  themselves,  and 
in  walking  keep  the  paralyzed  eye  closed,  either  by  shutting  it  or  by 
covering  it  with  a  bandage.  Another  way  of  preserving  themselves 
from  visual  vertigo  lies  in  the — 

5.  Mnintenaiwe  of  (in  Oblujue  Ponition  of  Ike  Ilend. — A  patient  in 
whom,  for  example,  the  right  externus  is  jiaralyzed,  kcep.q  the  head 
turned  to  the  right.  If  he  looks  forwar<l  with  his  heiul  itv  this  posi- 
tion, both  eym  are  turned  somewhat  to  the  left,  in  which  position  the 
right  exteruus  does  not  come  into  play,  and  in  which,  therefore,  paraly- 
sis of  it  does  not  make  itself  evident.  And  so  for  every  variety  of 
paralysi.'?  of  the  ocular  muscles  there  is  a  definite  position  of  the  head, 
which  diminishes  the  visual  vertigo,  and  which  is  so  charactOTstic  of 
the  paralysis  that  the  skilled  observer  is  able  from  it  alone  to  suspect 
the  nature  of  the  latter. 

Old  Paralyses. — The  characteristic  symptoms  of  a  paralysis  are 
more  unmixed  and  more  {vronounced  the  more  recent  it  is.  If  the 
paralysis  gets  well  after  the  lapse  of  not  too  long  a  time,  the  Symptoms 
that  have  been  produced  by  it  disappear,  and  normal  binocular  vision 
is  restored ;  if,  on  the  other  Iiand,  the  cure  of  the  paralysis  takes  place 
only  after  a  long  time  has  elapsed,  or  does  not  take  place  at  all,  the 
symptomatic  picture  changes  as  follows :  1.  The  mistakes  in  orienta- 
tion, particularly  as  they  make  their  appearance  in  Von  Graefe's  gro])- 
ing-test,  gradually  cejvse;  the  patient  learns  by  experience  that  the 
impulses  of  innervation  for  his  paralyzed  eye  correspond  to  much 
slighter  actions  than  those  for  the  sound  eye,  and  by  taking  account  of 
this  fact  he  once  more  forms  a  correct  judgment  of  the  situation  of 
objects.  2.  The  diplopia  di8a])pears  because  the  sensory  perceptions 
of  the  paralyzed  eye  are  suppressed  (exclusion),  3.  Contracttire  of  the 
antagonists  of  the  paralyzed  muscle  gradually  sets  in.  Thus,  in  paraly- 
sis of  the  right  externus,  it  is  the  right  internus  that  becomes  short- 1 


ened ;  and  so,  while  in  a  recent  paralysis  of  the  extemus,  the  eye,  when 
the  gaze  is  directed  straight  forward,  stands  iu  the  middle  line,  it  after- 
ward becümea  drawn  in  more  and  more,  and  can  no  longer  be  brought 
up  to  the  median  position.  Tlic  result  of  this  is  an  increase  in  tlie 
paralytic  strabismus,  tliia  reaching  a  higher  degree  and  becoming  mani- 
fe^jted  over  a  more  extensive  area  than  before,  since  it  exists  not  only 
upon  the  side  of  the  paralvüod  muscle  liiit  also  over  the  entire  field  of 
fiiation.  Owing  to  this  fart,  paralytic  strabismus  acquires  a  constantly 
greater  and  greater  resemblance  to  concomitant  squint,  so  that  some- 
times  the  distinction  between  the  two  becomes  very  diöicult  The  con- 
tracture of  the  antagonists  may  even  persist  wlien  tlie  paralysis  itself  is 
cured,  and  may  thus  prevent  the  restoration  of  binocular  vision. 

120.  Mode  of  Occurrence. — Paralysis  may  affect  simply  one  muscle, 
or  it  may  utlect  sevenit  muscles  in  different  combinations. 

L  Paralysis  of  aiic  ainijJc  mitsrle  most  usually  affects  either  the  ex- 
ternal rectus  or  the  superior  ohliijue,  because  each  one  of  these  muscles 
is  supplied  by  an  independent  nerve  (abducens  and  trochlearis).  All 
the  other  ocular  muscles  are  innervated  by  the  oculomotor  nerve,  for 
which  reason  paralysis  of  any  single  one  of  them  is  of  less  frequent 
occurrence. 

2.  For  the  reason  just  mentioned,  HiinuUancous  paralysitt  of  several 
7nui>clrs  is  found  most  frequently  in  those  supplied  by  the  oculomotor 
nerve,  and  of  these  muscles  sunn*  or  all  nuiy  be  affected  at  once.  Corn- 
phlf  ttcnhmotor  puraiyaiis  presents  a  characteristic  picture.  The  upper 
lid  hangs  loosely  down  (ptosis),  and  has  to  be  drawn  up  with  the  finger 
to  give  a  view  of  the  eyeball,  which  is  deflected  strongly  to  the  outside 
and  somewhat  down,  because  the  two  muscles  not  paralyzed — the  ex- 
ternal rectus  and  the  superior  oblique^KJraw  it  in  this  direction.  The 
pupil  is  dilated  and  immobile  (paralysis  of  the  sphincter  pupillae), 
and  tho  eye  is  focused  for  the  far-jujiut  and  can  not  accommodate  for 
near  by  (paralysis  of  the  ciliary  muscle).  A  «light  degree  of  exoph- 
thalmus  exists  because  three  of  the  recti,  which  normally  draw  the 
eyeball  backward  into  the  orbit,  have  lost  their  tone. 

Other  muscles  besides  those  innervated  by  the  oculo-motor  nerve 
may  bo  affected,  and  the  paralyses  may  affect  not  simply  one  but  both 
eyes.  It»  this  way  many  manifold  combinations  are  formed,  of  which 
the  following  are  the  most  frequent:  {tt)  All  the  eye-muscles  iu  one  or, 
both  eyes  are  paralyzed,  so  that  the  lids  hang  loosely  down,  the  eyea  art 
directed  immovably  forward,  and  there  is  dilatation  of  the  pupil,  with] 
aboUtlou  of  tho  accommodation  {nphttudmopUfjia  totalis),  {b)  The 
partlvgis  affects  only  tho  externa!  eye-muscles,  while  the  internal  mus- 
4^  of  the  eve  (sphincter  pupillff«  and  ciliary  muscle)  are  intact  {oph- 
Ami^nphjiia  externa).  This  is  m«)ro  frequent  than  total  ophthalmo- 
Ukd  finds  its  explanation  in  the  arrangement  of  the  nerve  nuclei 
tht  Maedact  of  Sylvius.     This  arrangement  is  such  that  the 
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naclei  for  the  sphincter  pupillie  and  the  ciliary  muscle  lie  farthest  fur- 
ward  (see  page  537),  and  hciiüO  frcijViciitly  remain  exempt  from  pro- 
cesses which  destroy  the  mnre  posteriorly  situated  nuclei  of  the  other 
ocular  uiusclea.  For  this  reasou  ophthalmoplegia  externa  can  only  bo 
of  central  (nuclear)  origin,  [e]  Opkthidimipleyiti  interna  forms  the 
converse  to  ophthalmoplegia  externa,  as  in  it  only  the  interior  muscles 
of  the  eye  are  paralyzed.  It  can  be  produced  artificially  by  means  of 
atropine. 

3.  There  are  combined  paralyses  which  do  not  affect  the  individual 
muscles,  but  affect  associated  movements.  Thus  tlie  ability  to  look  to 
the  right  or  left,  or  to  look  up  or  down,  etc.,  may  be  lost.  These 
are  known  as  conjngaie  parol yses  (Prevost).  The  most  characteristic 
cases  of  this  sort  are  those  of  paralysis  of  the  lateraj  rotators.  There 
may,  for  example,  be  a  paralysis  of  the  associated  movements  to  the 
right.  If  the  patient  then  fixes  his  gaze  upon  an  object  which  is  car- 
ried in  front  of  him  from  left  to  right,  the  eyes  follow  it  until  it  has 
got  to  the  middle  line;  then  both  eyes  stand  still  without  being  able  to 
move  farther  to  the  right.  One  might  suppose  that  he  was  dealing 
with  a  paralysis  of  the  rigiit  exteniu»  combined  with  one  of  the  left 
internus.  But  this  idea  can  be  readily  disproved  by  approximating  an 
object  to  the  patient  along  the  middle  line.  The  patient  converges 
upon  the  object  until  it  is  very  close  to  him,  and  hence  can  use  his  left 
internus  perfectly  for  purposes  of  convergence,  while  the  same  muscle 
is  paralyzed  in  its  capacity  of  rotator  to  the  right.  The  cause  of  con- 
jugate paralyses  are  lesions  in  the  jissociation  centers  of  the  nerves  for 
the  ocular  muscles. 

Etiology, — Paralyses  of  the  ocular  muscles  are  the  result  of  a  le- 
sion which  may  be  situated  anywhere  in  the  course  of  the  nervo-tract, 
from  its  very  beginning  in  the  cerebral  cortex  to  it«  termination  in  the 
muscle  itself.  According  to  the  site  of  the  lesion,  paralyses  are  dis- 
tinguished into  intracranial  and  orbital. 

In  intrnrranitil  paralyses  the  focus  of  disease  lies  within  the  cranial 
cavity.  It  may  affect  the  centers  of  highest  rank  which  lie  in  the  cor- 
tex of  the  brain  (cortical  paralysis),  or  the  association  centers,  or,  last- 
ly, the  centers  of  lowest  rank — i.  e.,  the  nerve  nuclei  upon  the  floor  of 
the  fourth  ventricle  (nuclear  paralysis).  The  bands  of  fibers,  likewise, 
which  connect  these  centers  and  those  fibers  which  run  from  the  nu- 
clei to  the  surface  of  the  brain  and  unite  there  to  form  tlie  ner\-e- 
trunks,  may  be  injured  (fascicular  paralysis)  ;  and  the  nerve-trunks 
themselves  may  be  affected  in  their  course  along  the  base  of  the  skull 
{basal  paralysis). 

Orbital  paralyses  are  those  in  which  the  lesion  is  seated  in  the 
nerve-trunk  and  its  branches,  commencing  from  the  entrance  of  the 
nerve  into  the  orbit  through  the  superior  orbital  fissure,  and  extending 
to  its  termination  in  the  muscle. 


5U 


DISEASES  OP  TITE  EYE. 


To  diagnosticate  tbc  eite  of  the  lesion  we  must  take  account  of  the 
character  of  tin.-  panilysis,  and  particularly  of  those  accompanying 
Symptoms  which  point  to  an  intraeraniiil  or  to  an  orbital  lesion. 

As  regards  its  »({fnre^  the  lesiou  may  develop  as  a  primary  affeiction 
iu  the  nerves  or  in  their  areas  ol  origin,  these  being  attacked  by  in- 
flammation or  by  simple  degeneration.  Much  more  frequently,  how- 
ever, these  stnicturcs  suffer  indirectly  as  a  result  of  disease  in  their 
vicinity,  such  as  exudat^^^  (especially  in  the  meninges),  thickenings  of 
the  periosteum,  neoplasms,  hajmorrhages,  injuries,  etc.,  by  which  the 
nerves  or  their  nuclei  are  thrown  into  a  condition  of  inflammation^  are 
compressed,  or  are  tn  some  other  way  subjected  to  injury.  Among 
the  Tiisculnr  changes  which  are  to  be  eimmeratcd  as  causes  prodticing 
lesions  of  the  nerves  supplying  the  ocular  muscles  are  atheroma, 
aneurism,  and  occlusion  of  the  vessels. 

The  cflujio  of  the  lesion  is  frequently  to  be  sought  for  in  some  gen- 
oral  disease.  Among  these  sypliilis  is  the  most  usual  cause  of  paraly- 
ses of  the  ocular  musclea.  Other  diseases  that  result  in  these  paralyses 
are  tuberculosis,  tabes,  diabetes,  toxic  affections,  disseminated  sclerosis, 
hysteria,  in  fact,  the  most  varioua  diseases  of  the  brain,  including  par- 
ticularly those  of  focal  character  and  those  situated  at  the  base  of  the 
flkuU.  Among  acute  infectious  diseases,  dijdithcria  is  the  most  frequent 
cause  of  paralyses  of  the  ocular  muscles.  Injuries  may  affect  the  neryes 
of  the  ocular  muscles  in  the  orbit,  or,  in  the  c;isc  of  fracture  of  the 
skull,  iu  their  intracranial  course.  Rheumatic  paralyses  are  very  fre- 
quent. Dy  thi.s  term  we  understand  tliose  pai'alyses  in  which,  judging 
from  the  accompanying  symptoms,  the  lesion  is  situated  without  the 
cranial  cavity,  and  for  which  no  cause  can  bo  found  except  possibly  the 
action  of  cold.  It  is  for  this  latter  reason  that  they  have  been  called 
rheumatic  paralyses. 

Course  and  Treatmeat — The  paralyses  either  set  in  suddenly  or 
develop  in  an  insidious  manner.  Sometimes  relapses  occur.  The 
course  of  the  paralyses  is  always  chronic.  Even  in  the  most  favorable 
cases  six  weeks  and  more  are  required  for  a  cure,  and  many  paralyses 
are  absolutely  incurable.  'WTiether  this  is  so  or  not  dejjends  mainly 
upon  the  cause  which  lies  at  the  bottom  of  the  paralysis,  and  which, 
therefore,  must  flrst  of  all  be  taken  into  consideration  in  making  the 
prognosis.  Another  means  for  determining  the  latter  is  afforded  by 
the  duration  of  the  paralysis,  since  old  paralyses,  on  account  of  the 
secondary  changes  which  set  in  (atrophy  of  the  paralyzed  muscle  and 
contracture  of  its  antagonist),  no  longer  hold  out  any  prospect  of  a  cnre^ 

Treatment  has  first  of  all  to  take  account  of  the  causal  indication. 
In  this  respect  syphilitic  and  rheumatic  jmralyses  afford  the  best 
prognosis.  In  the  former  an  energetic  antisyphilitic  treatment  with 
iodine  and  mercury  is  indicated.  In  the  latter  we  give  sodium  salicy- 
late, and  employ  diaphoresis  (also  by  means  of  sodium  salicylate  or  by 
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means  of  pilocarpine).  Tlie  symptomatic  treatment  consists  mainly  in 
the  Icjcal  application  of  electricity,  admiuietered  principally  under  the 
form  of  the  constant  current,  rarely  under  that  of  the  induced  current. 
Exercise  of  the  paralyzed  muscle  with  the  aid  of  prisms  is  also  some- 
times employed  with  advantage. 

Besides  the  treatment  of  the  paralysis  itself,  it  seems  also  requisite» 
until  the  cure  has  been  accomplished,  to  relieve  the  patient  from  the 
annoyance  which  the  dipJopia  and  the  vertigo  bring  with  them.  When 
we  arc  dealing  with  very  slight  paralyses  we  can  unite  the  double  im- 
ages by  means  of  prisma  set  in  a  suitable  position ;  in  this  case  the 
jmtient  is  made  to  wear  the  prisms  under  the  form  of  glasses.  In  more 
marked  paralyses  prisms  do  not  sutKce  to  comjiensate  for  the  incorrect 
position  of  the  eyes.  Then  there  is  no  other  way  of  relieving  the 
diplopia  than  to  bandage  the  paralyzed  eye,  or,  better  still,  to  apply 
glasses  which  have  an  opaque  plato  for  the  paralyzed  eye. 

In  old  paralyses  in  which  contractiire  of  the  antagonists  has  set  in, 
we  can  get  a  result  only  by  operative  treatment.  This  consists  in  sec- 
tion of  the  contracted  muscle  with  simultaneous  advancement  of  the 
muBclc  that  ia  paralyzed  (see  g  lfl5).  The  latter  is  thus  put  under 
more  favorable  mechanical  conditions  for  working — conditions,  to  be 
sure,  of  which  it  can  avail  itself  only  if  it  still  possesses  a  certain  degree 
of  contractility.  Comjilete  imralyses,  therefore,  with  marked  failure  of 
motility  are  incurable  even  by  operation. 

To  make  the  diagno$U  of  paralyses  of  the  ocular  muscle»,  it  i«  not  sufficient 
to  know  ÜU"  signs  of  the  panilvsis  of  erich  individual  muscle  and  then  »ee  to 
which  of  them  any  case  that  inny  be  bi^fore  iia  fits.  In  this  way,  to  Ih?  sun-,  we 
would  quickly  make  the  diagnosis  in  the  typical  and  unco m plicated  cafws,  but  in 
the  numerous  cases  of  combined  pjinilyfiis  we  would  be  lielpless.  A  much  more 
proi)er  way  of  goin^  to  work  is  to  determine  exactly  all  Ihe  symptom»  in  any 
given  caWy  and  from  theni  find  out  in  what  directions  the  motility  of  the  eye  is 
incomplete;  then,  with  the  aid  of  a  precise  knowledge  of  the  method  of  actioo 
of  each  ocular  muscle,  we  can  make  out  which  one  or  which  two  ur  three  of  the 
mu»ck-8  are  paralyzed.  Thia  method  of  examination  may  be  illiistruted  by  the 
following-  concrete  example : 

A  patient  comes  complaining  of  diplopia.  We  first  determine  that  we  are 
dealing  with  binocular  (not  monocular)  diplopia,  from  the  fact  that,  as  ßoon  as 
one  of  the  eyes  is  covered,  there  i«  sinple  vision.  Then  we  make  the  patient  fix 
his  gaze  upon  a  pencil  held  in  front  of  him,  and  while  moving  this  in  different 
directions  we  notice  whether  both  eye«  follow  it  uniformly.  We  observe  that 
this  is  the  case  in  all  directions  of  the  guze  except  when  the  eye«  are  cast  down. 
When  tlu«  attempt  is  made  to  look  down,  the  left  eye  docs  not  sink  as  low  as 
the  right,  and  at  the  same  time  converges  rather  too  much.  We  are,  therefore, 
dealing  i^ith  a  paralysis  of  one  of  those  muscJes  which  depress  the  left  eye — that 
is,  of  the  left  inferior  rectus  or  the  li'ft  superior  obSitjue.  To  distinguish  be- 
tween these  two  we  examine  the  double  images. 

We  again  carry  the  pencil  in  different  directions  in  front  of  the  patient's 
eyea,  and  determine  that  the  pencil  vt  seen  double  chiefly  in  the  lower  half  of 
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left.  This  corresfjonds  to  the  upper  extremity  of  the  retinal  image  (j),  Fig. 
101  A),  which  then  muHt  lie  to  the  right  of  the  verticjil  meridian  of  the  retina, 
Cifi,  since  itg  project idti  externally  Ues  to  the  left  of  the  vertical.  Tht  retinal 
iraagt\  however,  realJy  lies  vertically  in  the  retina,  since  the  ohject  f-tatrds  ver- 
tically in  space.  Hence,  the  above  statement  i«  better  expressed  tlius:  Tlie 
wpjHT  half  of  the  verticjil  meridian  of  the  retina  lies  to  the  left  of  the  npper 
extremity  of  the  vertically  jilace-d  retinal  image.  Hence,  it  follows  that  the 
vertical  meridian  has  its  upper  half  inclined  to  the  left,  or  outside,  and  its  lower 
half  inclined  to  the  right,  or  inside. 

What  paralysis  corresponds  to  thi.'i  position  of  tlie  vertical  meridianl  The 
superior  oblique  (»,  Fig.  101  .1)  rotates  the  eye  in  such  a  way  that  the  vertical 
meridian  hiis  it»  u] »per  extremity  inclined  inward;  the  inferior  oblique  (i,  Fig. 
101  A)  tends  to  incline  the  up|ier  extremity  of  the  vertical  meridian  outward. 
In  a  state  of  health  these  two  muscular  actions  are  in  equilibrium  in  the  pri- 
mary jiosition  of  the  eyes,  so  that  the  vertical  meridian  really  does  stand  verti- 
cal. But  if  the  action  of  the  superior  oblique  is  abrogated  in  consequence  of 
paralysis  of  the  muscle,  the  inferior  oblique  gets  the  upper  hand  and  draws  th« 
meridian  toward  its  own  side,  so  that  the  upper  extremity  of  the  meridian  is 
inclined  outward.  Since  this  is  l!ie  po.sitioo  of  the  meridian  which  we  con- 
chide  to  exist  in  our  case  from  the  oblii|üity  of  the  double  images,  our  diagnosis 
of  a  paralysis  of  the  superior  oblique  is  thuK  coiifirnu-d. 

If  the  inferior  rectus  had  been  paralyzed  the  apparent  image  would  have 
been  inclined  in  the  contrary'  direction.  The  inferior  rectus  inclines  Ihe  up- 
per extremity  of  the  vertical  meridian  outward,  and  when,  owing  to  parttlysj."» 
of  the  mu.scle,  its  action  ceases,  the  vertical  meridian  assumes  the  opjwsite 
inclination  —  i.  e.,  with  its  upper  extremity  inward.  This  position  would 
be  just  the  opposite  of  that  present  in  our  case,  and  henc«,  too,  the  obliquity 
of  the  appareut  image  would  be  in  a  direction  contrary  to  that  actually 
observed. 

For  a  complete  examination  of  the  case  it  would  also  be  requisite  to  test 
the  position  of  the  double  images  in  the  different  directions  in  which  the  eye 
ifl  turned.  The  action  of  the  MUj»erior  oblique  is  made  up  of  three  components, 
the  magnitude  of  which  varies  according  to  the  position  which  the  eyeball  oc- 
cupies at  the  moment  when  they  come  into  play.  Consequently,  the  horizontal 
separation,  the  difference  in  height,  and  the  obliquity  of  the  double  images 
undergo  characteristic  changes  according  as  the  direction  of  the  gaze  is  varied. 
Moreover,  we  may  perhaps  be  informed  by  the  patient  that  the  apparent  image 
■eems  to  stand  closer  to  him  than  docs  the  real  image.  This  is  a  peculiar  con- 
dition, which  is  also  quite  frequently  observed  in  paralysis  of  the  inferior  rectus. 
We  must  further  try  to  discover  whether  the  double  images  can  bo  united  by  a 
prism,  and  what  the  strength  and  the  position  of  this  prisra  w<  uld  have  to  be. 
Finally,  the  way  in  which  the  patient  holds  his  head  mu.st  be  con.Hidered.  In 
paralysis  of  the  superior  oblique  this  attitude  is  such  that  the  head  is  bent  for- 
ward, and  at  the  same  time  is  rotated  toward  the  sound  side. 

To  facilitate  the  diagnosis  of  paralyses  of  the  ocular  muscles  for  the  begin- 
ner, there  is  placed  on  the  following  page  a  schedwlc  showing  the  position  of 
the  double  images  and  their  relation  to  each  other  in  the  different  directions  in 
which  the  eye  is  turned.  The  position  of  the  images  is  shown  in  the  figures 
appended,  in  which  the  dotted  outline  represents  the  false  image,  and  hence 
corresponds  to  the  paralyse  eye, 
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(The  apiwreot  imagv  has  ■  dotted  outline.) 
Exttmal  RDftva. 

1  N 

^^H           r>i  117. 

1     1   1 

Diplopia  appears  io  looking  toward  the  paralyzed 
side. 

The  lateral  separation  of  the  images  iDcreases  as  the 
paraljzed  eye  is  ahd  acted. 

Internal  Reehu. 

titi.    ^^H 

1     I   1 

^H           rMk  in. 

Diplopia  on  looking  toward  the  sound  side. 
The  lateral  separation  of   the   images  increases  in 
adduction. 

Fio.  lao.         ^M 

atipenor  Beetu*. 

Diplopia  on  looking  up. 

The  Tertic&l  distance  between  the  images  increases  as 
thi*  ««re  is  eli'\-»led  and  abductwL 

The  obliquity  increas«)s  in  ai.lduction. 

The  lateral  separation  of  the  inmgi-.«  diminishes  when 
the  vn»  are  turned  laterally  in  either  direction. 

Inferior  Rectu$. 

rukiss.    ^^H 

1'* 

Diplopia  on  looking  down. 

The  vertical  distance  between  the  image«  increases  as 
the  eye  is  depressed  and  »MuctwL 

The  oUliquity  incrcas««  in  adduction. 

The  lateral  st^uinit  ion  of  the  images  diminishes  when 
the  «yee  an  turned  laterally  in  either  direction. 

Ito.  VtL    ^^M 

Diplopia  on  looking  down. 

The  vertical  distance  twtween  the  images  increaaea  as 
ihe  eye  is  doprewed  and  ndduoted. 

The  obliquity  increases  with  the  abduction. 

The  lateral  distance  between  the  images  diminishes 
whvii  the  eytrs  arw  turned  loterally  in  either  direction. 

Inferior  Oblique. 

tM.    ^^H 

■^ 

Diplopia  on  looking  up. 

The  vertical  distance  between  the  images  inoreaeesas 
the  eye  is  elevated  and  adductc«!. 

The  obliquity  increases  with  the  abduction. 

The  lateral  distance  lielwccn  the  images  inoreases  as 
the  eye  is  elevated  and  abtlucted. 

in.    ^^H 

^^^^^^_ 
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The  diagnoeis  as  tu  which  muscle  is  paralyzed  often  prt'sents  oonsjdfrahle 
difBcultieB  even  to  the  adept,  if  the  case  is  comjilictited.     This  occurs — 

1.  When  several  [laralj'ses  are  combined,  jmrticularly  in  both  eyes,  and  the 
paralyses  are  jiurtly  complete,  partly  incompli-tf. 

2.  When  a  disturbance  of  rnvMcuiar  equilitirium  under  the  form  of  an  in- 
sufficiency was  previously  present.  Such  h  disturbance  is  converted  from  a 
latent  into  a  munifeat  one  when  the  paralysis  sets  in,  as  biuoculiir  vision  Iwcomes 
impossible  on  jiccount  of  the  tatter  in  spite  of  the  tendency  toward  fusion. 

3.  When  the  two  eyes  have  an  unequal  visual  power,  and  the  imralysis 
affects  the  better  eye.  The  btter  then  is  used  to  fix  with,  an<I  the  non-para- 
lyzed eye  is  in  a  condition  of  secondary  deviation.  In  such  a  case  it  ia  easy 
for  the  sound  eye  to  be  regarded  as  the  paralyzed  one. 

4.  When,  in  old  paralyses,  a  contracture  of  the  antagonists  ha«  taken 
place. 

The  difficulties  of  diagnosis  are  often  increased  by  lack  of  intelligence  or  by 
inaufficient  attention  on  the  part  of  the  putient,  in  consoijuencc  of  which  it  is 
impOflsiblo  to  determine  with  precision  the  jRisition  of  the  double  images.  It 
is  alBO  impossible  to  do  the  hitter  when,  as  in  old  paralyses,  there  is  u  tend- 
ency toward  the  suppression  of  the  double  images.  In  this  case  we  must  try 
to  prevent  the  suppression  of  the  false  image  by  making  it  as  well  m.irked  ns 
possible— e.  g.,  by  «eioctiog  an  object,  such  as  a  candle-flame,  which  catches  the 
attention  of  the  eye,  or  by  placing  a  colored  glass  before  the  eye  eo  as  to  give 
the  image  a  distinguishing  tint. 

Meabduement  of  the  Paralysis. — A  precise  determination  of  the  degree 
of  paralysis  is  partictilarly  desirable  in  order  to  he  able,  in  the  course  of  treat- 
ment, to  calculate  whether  the  jMiralysis  is  really  undergoing  recession  or  not. 
The  measurement  is  made  with  the  help  of  the  double  images;  the  region 
which  these  occupy  being  displaced  farther  and  farther  toward  the  periphery 
of  the  field  of  ti.xatiou,  and  the  distance  between  them  becoming  smaller  and 
smaller  a»  the  paralyse  decreases. 

1.  The  sim|dest  way  of  estimating  the  position  and  the  degree  of  separation 
of  the  double  images  consistji  in  jilaeing  the  patient  at  adistam-e  of  two  or  three 
metres  from  a  wall  upon  which  a  point  lying  directly  opposite  one  of  his  eyes 
has  been  marked  iw  a  point  of  departure.  Starting  from  this  point  we  carry  an 
object  which  the  patient  is  to  follow  with  his  eyes  in  different  directions.  We 
mark  on  the  wall  the  points  where  the  obJMt  begins  to  apjiear  double,  and  also 
the  degree  of  separation  of  the  double  images  projected  upon  the  wall  in  the 
different  directions  in  which  the  eye  is  turned.  By  re]>eAting  thi.'j  teat  in  the 
same  way  nt  certain  intervals  of  time  we  determine  the  alterations  in  the  diplo- 
pia. Inasmuch  as  we  know  the  ilistante  of  the  patient  from  the  wall  an<l  the 
linear  distance  fn>m  each  other  of  tlie  double  images  projected  upon  the  wall, 
we  can  readily  calculate  the  angle  by  which  the  i>araly7,ed  eye  falls  short  of  the 
line  of  fixation — that  is,  the  angle  of  primary  strabismic  deviation  (Landolt). 

3.  If  we  have  a  perimet(,-r  at  our  disposal,  we  can  project  the  douljlc  images 
upon  a  hollow  sphere  instead  of  upon  a  plane,  in  which  case  we  shall  find  the 
angle  of  the  strabismus  directly,  and  n(jt  have  to  get  at  it  by  calculation.  We 
make  the  patient  sit  in  front  of  the  perimeter  a»  in  the  process  of  determining 
the  rteld  of  vision ;  then,  by  carrying  the  mark  used  as  «n  object  of  vision 
along  the  perimetric  arc,  we  ascertain  the  point  where  it  begin»  to  a])pear 
double. 
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8.  We  can  also  by  mean»  of  the  perimeter  determine  the  field  of  fixatic 
and,  from  the  way  in  which  it  is  limited,  judge  of  the  degree  of  the  punilTBls. 

4.  We  try  to  find  the  prism  which  in  any  givea  direction  of  the  eyes  cor- 
rects the  »trabiHiuic  deviation,  so  that  the  duiible  images  are  fused  into  one. 
The  angle  of  8trabinmus  then  amounts  to  one  ha!f  of  the  refracting  angle  of  the 
prism,  since  for  weak  prisms  the  law  hohls  good  that  they  deflect  the  ray» 
through  one  half  the  angle  which  the  refracting  edge  incloses.  8o,  if  double 
images  are  united  hy  a  prism  of  20°,  the  strabismic  deviation  amounta  to  10°. 

An  indirtjH'iiwtble  condition  for  the  precision  of  all  these  method»  of  men- 
Nuration  is  that,  while  they  ore  being  performed,  the  patient  should  move  his 
eyes  alone,  and  not  his  head. 

SiTB  OP  TUK  Lebios. — Paralyses  of  the  ocular  muscles  constitute  for  the 
clinician  engaged  in  the  study  of  internal  diwanes  one  of  the  most  important 
meuuH  iif  determining  the  site  of  a  cerebral  idleetioii.  Hence,  we  shall  now 
enter  more  particularly  into  the  consideration  of  the  diagnostic  points  from 
which  we  can  determine  in  what  part  of  the  oervoiia  tracts  the  lesion  occurs. 

1.  Leaiona  of  the  eenters  of  higher  rank,  situated  above  the  nerve  nuclei 
(that  is,  the  cerebral  cortex,  the  association  centers,  and  the  fibers  connecting 
these  parts  with  one  another  and  with  the  nuclei — regions  which  are  all  com- 
priHC<l  under  the  name  of  intra- cerebral  tract«),  never  cause  paralyses  of  indi- 
vidual ocular  muscle».  If,  therefore,  isolated  paralyses  are  present,  lesions  of 
OH  high  a  situation  »a  this  can  be  excluded.  Tlie  only  exception  is  ptosis,  as 
this  Bometinies  is  met  with  as  an  isolated  phenomenon  in  cortical  affections. 

2.  Ijcsions  of  the  muoeijition  eent^rii  cause  conjugate  paralyses.  The  eye» 
are  unable  to  turn  in  some  special  direction,  and  then  are  not  infrequently  found 
to  be  drawn  toward  the  (>p[>ositc>  side  by  a  spasmodic  contraction  of  the  antag- 
onists. Thus,  for  e.xample,  in  paralysis  of  tlie  lateral  rotators  to  the  right,  not 
only  is  it  impossible  to  turn  the  eyes  to  the  right,  but  it  may  be  that  both  eyes 
are  turned  continuously  and  strongly  to  the  left  (wnyu^^  derUition).  Conjugate 
paralyses,  with  or  without  deviation  of  the  eyes  to  the  opposite  side,  occur  in 
diaeaae  of  the  crura  cercbelli  ad  pontem,  of  the  i>ons,  of  the  corpora  quad- 
rigenuaa,  and  of  the  great  ganglia  of  the  brain,  particularly  of  the  thalamus 
opticus. 

3.  Lesions  of  the  mvclei  on  the  floor  of  the  fourth  ventricle  (nuclear  paralynes) 
produce  for  the  most  jiart  paralyses  of  several  ocular  muscles.  The  puralysis 
generally  attacks  one  muscle  first  and  then  gradually  extends  to  the  others.  In 
this  way  there  is  developed  what  is  km>wn  as  frntral  ophtluilmofiltijüiy  which  is 
usually  chronic,  rarely  acute,  in  its  onset.  It  may  be  unilateral  or  bilateral.  In 
most  cases  the  interior  muscles  of  the  eye  (those  of  the  pupil  and  accommoda- 
tion) remain  exempt  from  the  paralysis,  because  the  nuclei  for  them  lie  farthest 
forward,  and  belong  to  a  different  vascular  district  from  the  ner\'c-nuclei  that 
lie  farther  back,  so  that  they  arc  not  involved  with  them  in  the  diaeasc.  In 
these  cases  of  ophthalmoplegia  externa  the  diagnosis  of  nuclear  paralysis  can  be 
made  with  perfecl  certainty ;  for  it  i«  not  conceivable  that  a  lesion  affecting 
the  nerve-trunk  itself  should  destroy  all  the  rest  of  its  fibers,  and  leave  intact 
only  those  which  unj  designed  for  the  interior  muscles  of  the  eye.  But  if  there 
is  an  ophthalmoplegia  totalis — that  is,  one  in  which  all  the  muscles  are  paralyzed 
without  exception — the  site  of  the  le.>«ion  may  vary.  We  may  be  dealing  with  a 
nuclear  paralysis,  in  which  the  disease  has  passed  on  to  the  most  anterior  nerve- 
nuclei  aa  well;  but  cases  of  ophthalmoplegia  totalis  may  also  originate  in  a 
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lenion  of  the  trunk  of  the  nerre  at  the  base  of  the  brain,  or  even  within  the 
superior  orhital  tistniro.  In  this  caso,  therefore,  the  diagnoeia  of  the  site  can  be 
made  ouiy  from  the  accompanying  symptoms. 

A  j)rjniary  affection  of  tlie  gniy  subutance  of  tht>  nuclei  of  the  nerves  of  (he 
ocular  mu-scle»  lies  at  the  bottom  of  most  cases  i>f  ophthalmoplej^iu  (Wer- 
nicke^a  polioencephalitis  su(M>rior}.  In  its  nature  tliia  affectinn  is  analogous  to 
that  which  in  buibar  panilysis  attacks  the  motor  nuclei  situated  further  dtiwn 
the  facial,  glosio-pharvnjjcal,  hy]K>glos8nl,  and  vago-accessorial  nuclei);  and 
as  a  matter  of  fact  several  eases  have  lieen  observed  in  which,  by  an  extension 
of  the  proceaa  downward,  an  ophthaUnoplegiH  lias  had  aasticiated  with  it  the 
symptoms  of  bulbar  paraiysis.  The  most  frt-quent  cause  of  the  diHeiuse  of  the 
nerve-nuclei  is  «yphilia;  but  cases  of  central  o]»hthaliuü|»legta  due  to  dii>htheria, 
influenza,  tabes,  disifeminated  acleroais,  traumatiFm.  and  poisoning  (by  alcohol, 
h'ad,  carlK)n-monoxide  gas,  and  nicotine),  ami  also  cases  of  congenital  oph- 
thalmtiplegia,  arc  known. 

Pamlysea  of  individual  muscles  also  may  arise  as  a  result  of  lesion  of  the 
nerve-nuclei.  In  thia  category  belong,  first  of  all,  the  paralyses  which  apjwur 
in  the  beginning  of  tabea  dorwvlis,  and.  although  somewhat  less  frei|uently,  in 
disseminated  sclerosis,  and  which  in  all  probability  are  of  nuclear  origin.  Ta- 
l)etic  paralyses,  on  the  whole,  give  a  favorable  prognosis,  aa  after  some  time  they 
usually  disap|)ear  spontaneously,  in  spite  of  the  progress  of  the  causal  disease. 
Btill,  there  are  cases  in  which  the  pnru1yac>s  either  do  not  retrogress  at  all,  or 
else  recur  after  retrogression.  By  a  nuclear  lesion  the  abducena  can  be  para- 
lyzed at  the  same  time  an  the  facial,  since  the  nuclei  of  these  two  nerves  lie 
close  together. 

4.  FoK^ieulaT  paratifti*  due  to  lesion  of  the  fibers  between  their  point  of  de- 
parture from  the  nerve  nuclei  and  their  emergence  at  the  base  of  the  brain,  may 
be  diagnosticated  if  there  is  paralysis  of  the  oculomotor  nerve  of  one  side  with 
simultaneous  j>aralvsis  of  the  extremities  of  the  opposite  side  (alternate  paral- 
ysis). In  this  case,  then,  a  focus  of  disease  must  be  assumed  to  exist  in  the 
lower  part  of  the  pedunculus  cerebri  (it,  Fig.  10Ö).  Such  a  focus  of  disease 
causes  injury  both  to  the  fibers  of  the  oculomotor  nerve  a-s  they  pass  through  the 
peduncle,  so  that  the  oculomotor  nerve  of  the  same  side  i»  paralyzed,  an<I  to 
the  pyramidal  tract;  but  as  the  latter  crosses  over  to  the  other  side  below  this 
point,  the  extremities  arc  paralyzed  on  the  aide  opposite  to  the  lesion.  Such  a 
paralysis,  however,  might  also  be  produced  by  a  focus  of  disease  at  the  base  of 
the  brain,  if  the  disease  were  situated  so  near  the  jx-duncle  as  to  cau.se  injury 
to  it.  An  intrapeduncular  site  of  the  lesion  in  alternate  paralysis  of  the  oculo- 
motor nerve  and  the  extremities  can  not  with  certainty  be  assumed  to  exist,  ex- 
cept when  the  fil>er9  destined  for  the  interior  muscles  of  the  eye  have  escaiH?d 
paralysis,  inasmuch  as  within  the  peiluncle  the  fibers  of  the  ner^'e  still  lie  so  far 
apart  that  the  mo.st  anterior  of  them  miiy  remain  unaffected  by  the  lesion.  In 
nnaiogoiis  fashion  an  alternate  paralysis  of  the  extremities  and  of  the  alxiucens 
(and  also  of  the  facial)  surgues  the  existence  of  a  focus  of  di.sea.se  in  the  posterior 
|»art  of  the  pons,  or  in  the  portions  of  the  base  of  the  brain  adjoining  it  (6, 
Fig.  106). 

5.  Lesinns  at  the  &ru«  o/  ÜU  imtin  may  likewise  affect  one  nerve  or  several, 
and  not  infre<]nent!y  affect  both  sides  at  once.  The  facts  which  with  more  or 
less  probability  lend  us  t<>  infer  the  existence  of  a  basal  paralysis  are:  («)  When 
a  whole  scries  of  cerebral  aervcs  ujioa  one  side,  such  as  the  oculomotor,  the 
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facial,  the  trigeminal,  the  optic,  and  the  olfactory  nerves,  are  paralyzed  one 
after  another,  (t)  When  the  affection  of  the  irigcmimis  begins  under  the  gui^c 
of  a  acuralgia ;  the  latter  out  twinj?  observed  in  central  paral ynes.  (r)  When 
one  eye  is  jiorfcctly  blind  while  the  other  still  sees,  and  the  ophthalmoscope 
doe«  not  afford  cvidenco  of  any  changes  sufficient  to  account  for  this  state  of 
things.  From  such  a  condition,  in  fact,  the  cuuctu^ion  may  be  drawn  that  the 
leaioD  involve»  the  intracninial  segment  of  one  optic  nerve.  Interruptions  of 
the  optic  conducting  paths  higher  up  can  not  affect  one  eye  alone;  on  the 
contrary,  they  always  lead  to  visual  disturbance  of  both  eyes  under  the  form  of 
heQÜo]>ia.  Heniiopitt,  to  be  .sure,  can  abo  be  caused  by  a  basal  lesion — which, 
however,  must  in  every  case  be  situated  l>ebind  the  cbiasni,  «o  as  to  implicate 
one  of  the  two  optic  tracts ;  but  hemiopia  may  also,  and  quite  as  reiwlily,  origi- 
nate in  a  lesion  situiitcd  higher  up,  even  as  far  as  the  cerebral  cortex.  Ueniiupia, 
therefore,  is  neither  an  argument  for  nor  against  a  basal  lesion;  that  is,  thia  is 
the  case  in  homonymous  hemiopia;  temporal  hemiopia,  is  of  course,  a  certain 
sign  of  a  lesion  at  the  ba.«,  affecting  the  chiium  at  the  anterior  or  porterior  an- 
gle, or  in  the  middle  liiie  (see  page  43Ö).  i<r}  Paralysis  of  the  olfactory  ner%'a 
argues  the  existence  of  a  basal  affection  in  the  anterior  fossa  of  the  skull. 

A  basal  paralysis  can  with  certainty  be  excludeil  when  there  is  an  oculomo- 
tor paralysis  in  which  the  interior  muscles  of  the  eye  do  not  share.  Such  a  pa- 
ralysis can  only  be  of  nuclear  origin. 

Of  probably  basal  origin  are  the  cases  of  frequently  recurring  oculomotor 
paralysis,  of  which  some  twenty  are  now  known.  Tliesc  are  usually  oljservcd 
after  injuries,  although  some  case»  were  of  hysterical  origin.  Leber  lia»  do- 
scribed  a  bilateral  paralysis  of  the  ahducens  which  waa  caused  by  the  pressure 
of  the  carotid  upon  the  nerves  that  directly  adjoined  it. 

6.  The  diagnosis  of  an  urhiUil  paralysis  must  be  made  from  the  accompa- 
nying symptoms,  when  these  are  indicative  of  an  aficction  within  the  orbit. 
Among  such  symptoms  are  pain  in  the  orbit,  either  spontaneous  or  excited  by 
pressure  upfjn  the  eyeball  or  upon  the  margin  of  the  orbit,  a  deeply  situated 
tumor  discoverable  by  palpation,  ]»rotnisioD  of  the  eyeball,  unilateral  optic 
nuuriti.x  due  to  pressure  on  the  optic  nerve,  and  finally  the  history  of  an  ante- 
cedent trauma  which  has  affected  the  orbit. 

Paralyses  of  the  ocular  mnseles  may  be  of  wmgmital  occurrence.  Mention 
luw  already  been  made  of  congenital  ophthnlmoplegia.  The  mo«t  frequent  con- 
genital paralyses  are  those  of  thß  abdticens.  It  is  a  remarkable  fact  that  in 
these,  contrary  to  what  takes  place  in  the  acquired  paralyses,  contracture  of  the 
antagonists  does  not  set  in ;  both  eyes  have  a  perfectly  pn>per  position  as  long 
lu  the  gaze  ifl  not  directed  toward  the  side  of  the  paralyzed  muscle.  An  in- 
ability to  turn  the  eye  upward  has  been  obstir^'ed  occurring  coincidently  with 
congenital  ptosis.  Autopsies  have  shown  that  in  this  case  the  superior  rectus 
was  absent.  Perhaps  aimilar  defects  lie  at  the  bottom  of  many  other  congenital 
paralyses. 


III.  Squint. 

127.  Symptoms. — 8r|uint  consistB  in  a  dcriation  of  the  visnal  axis 
of  one  of  the  ejes  from  the  correct  position  of  fixation  upon  an  object, 
the  deviution  occurring  in  every  direction  in  whicli  tlie  cyea  are  tamed, 
and  always  through  the  same  angle.    Squint  is  thus  distinguished  from 
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paralysis,  in  which  on  the  one  hand  the  deflection  is  present  only  in 
llie  sphere  of  action  of  the  pui-ulyzcd  muscle,  and,  on  the  other  hand, 
wlien  once  within  the  Hmita  of  this  sphere,  it  becomes  greater  and 
greater  the  further  the  eye  is  carried  into  the  latter,  because  then  the 
paralyzed  eye  lags  more  and  more  behind  the  sound  one.  A  squinting 
eye,  on  the  contrary,  does  not  kg  bfhind  the  other  in  any  direction  in 
which  the  eyes  may  look,  but  accompanies  it  in  all  ita  movements,  and 
always  tieviutes  to  the  same  degree  from  the  correct  position,  for  which 
reason  squinting  is  known  as  straoisviun  concmnitann. 

Ttie  simplest  way  of  going  to  work  to  measure  the  strabismic  devi- 
ation is  as  follows:  We  cans«  the  patient  to  fix  his  gaze  upon  an  object 
which  we  have  placed  in  the  median  line  between  the  two  eyes,  and  at 
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Fio.  Id»     Mkasi'hkhkwt  or  Strahihmic  Okvution. 
A,  primary  poaicktn  ;  B,  second«!-}-  iMsitlou. 


a  distanee  from  them  of  some  metres.  Suppose  that  the  left  eye  (/^, 
Fig.  12'.)  A)  fixes  correctly,  while  the  right  eye,  R,  squints  inward. 
We  then  mark  by  an  ink-dot  upon  the  border  of  the  lower  Hd  the  po- 
sition of  the  external  margin  of  the  cornea  in  both  eyes  (?«i  and  s). 
We  next  cover  the  left  eye,  which  is  doing  the  fixation,  with  a  screen, 
S  (Fig.  129  Ii\  at  the  same  time  telling  the  patient  to  try  to  find  the 
object  again.  He  does  so  by  now  using  the  right  eye  for  fixation,  and 
for  this  jnirpose  brings  it  into  the  correct  position  by  a  distinctly  visi- 
ble njovement  of  redress.  We  now  once  more  mark  the  position  of  the 
outer  margin  of  the  cornea  of  this  eye  by  a  dot,  »«,  upon  the  lower  lid  ; 
the  distjinoe,  «<  ,v,  then  gives  the  linear  measure  for  the  deviation  of  the 
squinling  eye — that  is,  gives  the  primarif  sfrfi/nxmtr  devinlio». 

As  the  right  eye  is  being  brought  into  the  position  of  fixation,  the 
left  eye  moves  inward  behind  the  screen  (/<,  Fig.  129  B);  it  is  now  in 
a  position  of  secondary  dei'iation.  We  may  note  the  position  of  the 
outer  margin  of  the  cornea  behind  the  screen  by  means  of  the  point  «„ 
and  thus  find  the  magnitude  of  the  secondary  deviation,  «,  m.     It  is 
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equal  to  the  primary  deviation — a  fact  which  constitutes  a  further 
point  of  difference  between  concomitunt  and  paralytic  8f|uint,  since  in 
the  latter  the  secondary  doviutiou  is  always  larger  than  the  primary 
(page  548). 

As  a  result  of  one  of  the  eyes  beiuj^  in  an  incorrect  position,  a  man 
with  8<juint  should  see  double.  But  this  is  realty  the  case  only  at  the 
commencement  of  atnibismus.  The  diplopia  soon  disappears,  and  after- 
ward can  be  evoked  only  by  tlie  use  of  all  eorta  of  artifices,  or  C4m  not 
be  evoked  at  all.  This,  too,  is  a  feature  distinguishing  strabismus 
from  paralysis,  in  which  the  diplopia  is  such  an  annoying  symptom. 
A  man  with  strabismus  fails  to  see  double,  because  ho  learns  to  with- 
draw his  attention  from  the  impression  conveyed  by  the  squinting  eje; 
he  "excludes"  the  imago  with  this  eye.  The  act  of  excluaion  is  a 
psychical  act;  the  squinting  eye  really  does  see,  but  the  visual  percep- 
tions set  up  by  it  do  not  excite  attention — just  as  many  men  are  able, 
in  looking  through  a  rnicroscoi>e  or  telescope  with  one  eye,  to  leave  the 
other  open  and  yet  not  see  with  it.  As  a  result  of  this  act  of  exclusion, 
a  man  with  squint  has  mere  monocnlar  vision ;  he  does  not,  therefore, 
have  stereoscopic  sight  in  the  proper  sense  of  the  word. 

The  vixunl  acuity  of  the  squinting  eye  is  diminished  as  compared 
with  the  other  or  sound  eye.  Without  doubt  a  certain  degree  of  en- 
feeblement  of  sight  exists  even  before  the  inception  of  the  strabismna, 
and,  in  fact,  constitutes  one  of  the  roaaona  for  the  development  of  the 
latter.  The  enfeeblement  of  sight,  however,  becomes  greater  and 
greater  the  longer  the  strabismus  lasts,  since  an  amblyopia  ex  anopsia 
develops  on  account  of  the  exclusion  of  the  eye  from  the  act  of  vüsion 
(see  page  4-16).  This  amblyopia  finally  reaches  such  a  pitch  that  read- 
ing becomes  impossible,  and  the  sight  may  even  bo  reduced  to  the 
ability  to  count  fingers  at  a  short  distance.  Such  an  eye  has  unlearned 
its  ability  to  perform  fixation  ;  when  tiie  sound  eye  is  covered  the 
squinting  eye  remains  rigidly  fixed  in  its  false  position. 

We  distinguidh  between  inward  and  outward  squint  {»trahi»inuJi 
convergpHs  and  divcrgeu»),  Eiltier  the  same  eye  squints  all  the  time 
{fitrabinniHS  mauofnfernlis)^  or  the  two  eyes  squint  alternately  {strabis- 
mus aUernuns).  In  the  latter  event  it  is  usually  the  case  that  one  eye 
fixes  for  looking  at  the  distance  and  the  other  for  looking  at  near 
jwints.  One  eye  or  the  other,  however,  always  fixes;  it  never  happens 
that  both  eyes  squint  at  once,  as  the  laity  often  believe.  Squinting 
may  occur  only  at  interval»,  or  may  be  present  all  the  time  (periodic 
and  fftn-Htimt  Strabismus). 

Etiolog^y< — Strabismus  develops  from  insufficiency.  If,  when  there 
is  disturbance  of  the  muscular  equilibrium,  the  eyes  are  no  longer  re- 
tained in  their  proper  position  by  a  special  effort,  but  pa-ss  into  the  posi- 
tion corresponding  to  the  muscular  comlitions  and  remain  there,  stra- 
bismus is  produced.      If  we  call  insufficiency  latent  squint,  we  maj 
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with  even  better  right  denominate  squint  as  an  insufficiency  which  hua 
become  mnuifest.  In  insiirticiency  the  disturbaia-e  in  tlie  oquilibrlnm 
of  the  tnusiles  remains  latent,  because  the  correct  position  of  the  eyes 
is  maintained  for  the  sake  of  binocular  vision,  as  otherwise  dijdopia 
would  ensue.  Hence,  the  fact  of  an  inautücieney's  becoming  manifest, 
or  its  transformation  into  a  atrabismus,  is  effected  by  such  circum- 
stances as  reduce  the  usefulness  of  binocular  vision — that  is,  auch  as 
render  diplopia  less  unpleasant.  This  is  accomplished,  in  the  experi- 
ment which  is  made  for  demonstrating  the  presence  of  insuflieiency, 
by  covering  one  eye  (see  page  ^^42) ;  but  in  the  natural  development 
of  strabismus  it  is  accomplished  by  a  reduction  of  the  visual  acuity  of 
one  eye.  In  this  way  the  retinal  image  of  the  latter  becomes  less  dis- 
tinct, and  hence  diplopia  becomes  less  troublesome.  Thus,  we  see  a 
man  who  has  hitherto  hud  simply  an  insufficiency  become  the  subject 
of  a  manifest  strabismus  when  corneal  opacities  are  loft  as  tlie  result  of 
a  keratitis  in  one  eye.  The  most  frequent  causes  leading  to  stnibismus 
through  reduction  of  the  visual  acuity  are:  1.  Errors  of  refraction 
which  are  present  in  one  eye  ahme,  or  to  a  higher  degree  in  it  than  in 
the  oiher.  In  conjunction  with  such  an  error  of  refraction  there  fre- 
quently exists  a  congeuiUil  amblyopia.  2.  Opacities  in  the  refracting 
media,  particularly  in  the  cornea  and  in  the  lens.  3.  Intraocular  dis- 
eases. 

Perfectly  blind  eyes  are  very  apt  to  become  subject  to  strabismus. 

Strabismus  is,  therefore,  the  result  of  the  combined  action  of  two 
factors  —  diminution  of  the  visual  power  of  one  of  the  eyes,  and  a 
pre-existing  disturbance  of  the  muscular  equilibrium.  According  as 
the  latter  factor  consists  in  a  preponderance  in  the  internal  or  in 
the  extenuki  ocular  muscles,  a  convergent  or  a  divergent  squint  is 
produced. 

128.  (rt)  Strabismus  Convergens. — This  occurs  especially  in  hyper- 
motropes,  hypermetropia  being  found  in  about  three  fourths  of  all 
cases  of  convergent  squint.  Donders  was  the  first  to  determine  this 
fact,  and  he  explains  it  in  the  following  vrny  :  Hypermetropos  have  to 
make  an  unusually  strong  effort  of  accommodation  to  see  di.'?tinctly ; 
but  as  this  effort,  on  account  of  the  connection  between  accommoda- 
tion and  convergence,  is  ]Ki8sible  only  when  conjoined  with  a  strong 
impulse  toward  convergence,  the  interni  acquire  a  functional  prepon- 
derance. Moreover,  in  hyperraetropes  the  interni  are  apt  to  be  intrin- 
sically powerful  (organic  preponderance  of  tho  interni,  see  page  543). 
This  preponderance  of  the  internal  muscles  of  the  eye  develops  into 
strabismus  if  one  of  the  eyes  from  the  time  of  birth  has  a  more  feeble 
vision  than  the  other  (e.  g.,  on  account  of  a  higher  degree  of  hyper- 
metropia or  hypermetropic  astigmatism),  or  if  through  subsequent  dis- 
ease it  stitfere  an  impairment  of  its  visual  power.  Among  the  affections 
which  particularly  tend  to  produce  the  latter  effect  is  conjunctivitis 
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Ijmphatica,  which  leads  to  strabismus  tlirougli  the  opacities  of  the 
cornea  that  it  leavos  bohiiul  it. 

Coiivefgent  strtibismus  develops,  bs  a  rule,  in  those  years  of  life 
when  the  uttcnipt  at  siccurute  and  Inng-riiuintaiuod  tixjitiou  begins  to 
demand  u  greiiUT  effort  of  acconimodiiiiuu  than  formerly;  it  develops, 
that  is,  between  the  age  of  two  and  six.  Usimlly  the  strabismus  is 
first  noticed  only  wlien  near  objects  are  looked  at  ({wriodic  squint). 
Tliis  may  rcniiiiu  tho  case  during  tlio  whole  life,  but  generally  a  con- 
stunt  strabismus  develops  from  the  periodic  one,  a  squint  soon  making 
its  appeaj'ance  when  the  gaze  is  üxod  on  difstant  objects  as  well.  More- 
over, tho  sfjuiut  at  first  is  usually  greater  in  the  act  of  fixation  of  near 
objects,  in  acconhiuce  with  the  greater  accnnimodative  effort  required, 
for  this  purpose ;  but  later  on  the  strabismic  deviation  becomes  con- 
stant. 

In  exceptional  cjwes  it  liapjK>ns  that  children  with  strabismus  gradu- 
ally cease  squinting  as  they  grow  up,  and  lose  their  strabismus  about 
the  age  of  puberty.  They  "•  outgrow  "  their  squint.  But  the  eye  thai 
was  previously  deviated  is  left  with  its  sight  permanently  weakened, 
and  accurate  biuocuhir  vision  is  never  restored. 

(b)  ^/niliisotus  DiveryenK. — In  this,  myopia  plays  tho  same  part 
that  hypermetropia  does  in  convergent  Strabismus.  About  two  thirds 
of  all  persons  with  divergent  squint  are  myupic.  The  cause  is  as  fol- 
lows :  The  myope,  to  see  objects  near  by,  needs  to  use,  according  to  the 
degree  of  his  myopia,  cither  little  or  no  accommodation;  consequently 
the  impulse  for  convergence  is  too  weak — there  is  functional  in^iffi- 
cieucy  of  the  interni.  To  this  are  added  organic  causes  which  dimin- 
ish tho  functional  capacity  of  the  interni,  such  as  the  increased  dimen- 
sions of  the  myopic  eye,  which  offer  a  mechanical  impediment  to 
convergence.  For  these  reasons  myopes  are  particularly  liable  to  diver- 
gent strabismus,  especially  if  one  of  the  eyes  has  less  visual  jwwer  than 
tlie  other.  Since  small  children  are  not  myo[iie,  divergent  strabismus, 
unlike  convergent  strabismus,  does  not  form  during  childhood,  but 
later  on,  during  youth,  when  myopia  itself  develops.  As  the  myopia 
increases,  tho  strain  upon  the  iiecommodation  and  consequently  the 
impulse  for  couvergence  .steadily  decrease,  while  the  demands  matle  upon 
the  convergence  increase  in  proportion,  owing  to  tho  approximation 
of  tho  near  point.  This  state  of  things  must  ultimately  lead  to  a  point 
where  tho  couvergence  is  no  longer  able  to  answer  the  demands  made 
upon  it,  Tho  convergence  first  becomes  incompetent  in  the  act  of  fix- 
ation of  near  objects,  for  which  a  stronger  effort  is  required,  and  thus 
one  of  tho  eyes  deviates  out.  Many  myopes  remain  for  their  whole  life 
in  this  condition  of  periodic  strabismus ;  in  others  a  constant  strabismus 
deveIo]>s  from  this  condition,  since  later  on  one  eye  gets  to  deviate  out 
in  looking  at  distant  points  as  well, 

A  spontaneous  cure,  such  as  is  sometimes  observed  iu  inward  squiat« 
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never  cwcurs  in  divergent  strabismus;  on  the  contrary,  it  tends  to  in- 
crease with  age. 

In  the  highest  degrees  of  myopia  the  develofinicnt  o(  a  jjeriodic 
stnibismiis  diwrgena  is  incvitübk'.  In  these  cases  the  far  point  ia  ap- 
proximated to  a  distance  of  ten  centimetres  or  less;  and  reading,  writ- 
ing, etc.,  must  be  carried  on  at  this  short  range.  Now,  even  the  strong- 
est interni  are  unable  to  maintain  eontinuüusiy  such  a  convergence  as 
this;  hence,  in  accurate  inspection  of  objects  near  by,  one  eye  always 
deviates  out,  even  though  the  eyes  have  a  correct  position  for  great  or 
muilium  distances. 

Treatment. — Non-operative  treatment  accomplishes  good  results  only 
in  convergent  fitrabUmus,  and  then  only  in  particularly  favorable  cases. 
Such  treatment  depends  npon  the  faot  that  with  the  removal  of  the 
eiceesivo  effort  of  accommodation,  which  is  the  main  cause  of  the  in- 
ward squint,  the  latter  itself  disapjiears,  provided  that  it  is  not  already 
too  deej)ly  implanted  for  eradication.  We  begin  at.'cor<liiigly  by  jwra- 
lyzing  the  aeeommodation  completely  by  the  repeated  instillation  of 
atropine,  and  then  determine  the  precise  degree  of  hypermetropia  (the 
tot4\l  hj'jiermetropia,  g  14H).  Upon  the  basis  of  this  determination  we 
order  convex  ghisses  which  »hall  conipletely  correct  the  liy])ermetropJa, 
and  which  the  patient  is  to  wear  continuously  from  that  time  on.  The 
instillation  of  atropine  is  still  kept  up  for  several  weeks  after  the  wear- 
ing of  glasses  has  been  begun  with,  and  then  is  quite  gradually  discon- 
tinued. This  treatment  is  re-eriforccd  by  the  use  of  a  bandage  several 
times  a  day,  for  from  a  quarter  to  half  an  hour  at  a  time,  over  the  eye 
which  has  previously  been  employed  for  Jixation.  In  this  way  we  com- 
pel the  other  or  squinting  eye  io  do  the  fixing.  Non-operative  treat- 
ment ia  only  applicable  in  those  cliildrcn  wIjo  are  old  enough  to  wear 
glasses  without  hurting  themselves  with  them.  It  holds  out  a  prospect 
of  success  only  when  we  have  cases  to  deal  with  that  are  not  too  far 
advanced.  The  most  suitable  cases  for  its  airfilieation  are  those  in 
which  the  strabismus  is  still  periodic,  and  diplopia  recurs  spontaneously 
— i.  e.,  without  the  employment  of  any  artificial  means  for  its  produc- 
tion— thus  proving  that  the  squinting  eye  has  not  }-et  been  finally  ex- 
cluded from  participation  in  the  act  of  binocular  vision.  If  this  treat- 
ment is  to  lead  to  any  result,  it  nmst  he  pursued  energetically,  and  for 
a  long  time  (for  months  or  years),  and  even  after  the  strabismus  has 
heen  relieved  the  convex  glasses  must  be  used  either  from  time  to  time 
or  continuously,  in  order  that  the  patient  may  not  again  become  a  vic- 
tim of  squint. 

In  most  coses  of  strabismus,  and  particularly  in  all  cases  of  external 
«trabismus,  a  cure  can  be  expected  only  from  ojifrafitr  treat  mm  f.  Tbis 
consists  in  a  tenotomy  whicli  in  inward  strabismus  ia  to  be  performed 
npon  the  internal  rectus,  in  oiitsvard  strabismus  upon  the  external  rec- 
tus.   In  the  higher  degrees  of  strabismus  the  tenotomy  must  be  made 
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^Sipon  both  eves  or  must  be  combined  vrith  advancement  of  the  antago? 
nUu     The  technique  of  these  operations,  and  the  way  in  which  they 
act,  will  be  described  in  the  section  upon  operations ;  at  present,  sim- 
ptj  tbe  indicAtions  for  their  performance  will  be  briefly  given. 

In  €9nttrg«mi  strabismus  teuotomj  is  indicated  in  all  cases  in  which 
noo-Operative  treatment  has  remained  nnsucceäsfal,  or  in  which  it  is 
apfHTent  beforehand  that  such  treatment  offers  no  prospect  of  success. 
In  this  btter  category  belong  all  cases  in  which  the  strabismus  has  lasted 
a  Umg  time,  or  in  which  it  has  attained  a  high  degree.  As  strabi&mua 
ia  «MM  eases,  «Itbough  rarely,  dia4)peai8  of  itself  as  the  children  be- 
OMMS  oMer,  it  it  adrisable  to  delay  the  performance  of  the  operation 
•niil  Um  duld  has  passed  the  age  of  ten ;  for,  if  we  should  perform 
9ttfy  t— «tomy  in  a  case  which  has  a  tendency  to  become  well  spou» 
tUMOMij»«  diTif]gMit  strabi&mus  would  sabsequently  set  in.  Mean- 
vhik,  ia  ordtr  not  to  let  the  time  pass  unemployetl  until  the  children 
•I*  «M  eDO«g^  for  the  operation,  we  may  keep  the  deflected  eyo  in 
MMMat  praeiice  hj  frequently  bandaging  the  other,  and  may  thus 
pn<««ftt  a  Cttlars  of  tisaal  power  due  to  disuse.  In  addition,  we  forbid 
Ikrir  pbyiof  with  small  toys,  so  as  to  aroid  any  nnseo^sary  exertion 
«( tht  acooMBMMlation  \  and,  when  poeatble,  we  order  them  to  wear  the 
pwy  K  «OTtx  fi— aa 

$irwH$mut  can  he  cured  in  no  other  way  than  by  an 
kseMit  OMS  IB  which  th«  stmbifirauji  is  still  periodic  huM 
•«t  tk»  hwl  rhanrn  of  «Mesa;  ia  sadi  gmsb  a  simple  tenotomy  usually 
Witkatk.  WhM  thsta  k  a  oomiMMA  eUccml  aqoint,  an  advancement  of 
th*  iMtaial  ttelas  m  fManMy  Rqaired  in  addition ;  bat  in  old  caseej 
«si  ia  ^hst»  «f  axtnoM  de|:Tvew  even  this  gives  only  imperfect  results. 

TW  ranJI  «htaiBfid  Vg^  tha  iupwatio«  is,  as  a  rale,  simply  cosmetic. 
IW  xcsmmI  psnasi  at  Um  a|Biat&i|g  «gps  is  not  inAn»oed  by  the  opcra- 
%i^«sil  evv«  th*  MfHbsialiMi  at  hwiwhr  TisioB  is  accomplished  in 
adtjr  a  tt^  iasttMMa.  KavNtMsMk  ^ta  raolts  that  we  secure  by  the 
;  SM  aal  la  la  «M^ittalaai^  A  aan  with  sqnint  scarcely  ever 
:  ^  t^  hai  ilglkt  ia  his  maiatiaf,  ey«,  or  of  the  absence  of  bi- 

>  xrJBwa ;  W  it  OidMari^  aaaaaia  «f  the  existence  of  either.    He 

«d^  4sM«v«  N^M  (kv«i  hii  ^islfanaMat.  snd  is  very  gratefol  if  this  is 


^  «laiA  ««eä»  i»  MSiaswa  «M  «MM»  lis 


I  lo  aa  inproprr  plKcing  of 
»  tet  tkat  object«  upon  one  side 
la  Isok  to  one  side,  or  to  other 
1 1»  ^  with  th«  origrin  of  strabis- 
kMrfed  ia  quite  small  childrrn 
i  lie  iMt  that  «ich  children  have 
lorenients  r^quirrd  for 
diiappran  of  iLsrlf  with 
dtv^k>iM  somewhat  later. 
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after  the  age  of  two,  and!  its  tnie  cause  is  that  discovered  by  Donders,  It  de- 
pends, lis  hus  been  set  forth  more  in  det<iil  above,  MjHin  tin*  connection  betwet;n 
accüminodation  and  convergence.  In  what  way  tliis  lends  to  strabismus  is  wry 
beautifully  demoustruted  by  tbe  following  experiment  likewiee  propounded  by 
Donders:  We  cjiuw  a  man  who  ha«  ]jerfert  muscular  et|uililiriurn  in  his  eyes  to 
fix  his  gaze  upon  an  object  near  by.  If,  now,  we  cover  one  of  the  eyes,  it  re- 
mains Gxt^d  in  the  Correct  position  behind  the  screen.  But  if  we  now  place  a 
concave  ylasd  before  the  uueuvered  eye,  »o  tbat  the  person  under  examination  is 
compelled  to  accommodate  quite  strongly  in  order  to  sec  the  object  distinctly 
the  covered  eye  at  once  turns  inward — tbat  is,  an  artiticiul  inward  strabismus 
ia  thus  produced,  owing  to  the  increased  effort  of  accommodation.  A  disturb- 
ance of  the  relation  between  accommodutioii  and  convergence  ia  accordingly 
the  most  important,  but  it  is  by  no  means  the  only,  cause  of  .strabismus.  If  thia 
were  the  ca.se,  all  hypermetropes  would  necessarily  a<]uint  inward,  all  myopes 
squint  outward,  while,  us  a  matter  of  fact,  only  a  small  fraction  of  them  become 
the  subjects  of  stnibi.smus.  In  fact,  for  slrabismu»  to  be  produced,  liiere  must 
be  other  causes  as  well  acting  in  ronjuaction  with  this  one.  Of  these  causes 
one  of  the  most  important  is  the  conjfenitui  state  of  the  muscular  equilibrium, 
A  hypermetro|>e  who  from  the  start  has  feeble  intend  (insufficiency  of  the  iu- 
terni)  will  nut  be  apt  to  acquire  an  inward  H<|uint;  on  tbe  contrarj,  the  strong 
accommodation  which  he  ha.«*  to  call  forth  in  order  to  see  clearly  uctxialiy  helps 
him  by  enabling  him  to  put  his  too  wi-ak  intcrni  sutficiently  upon  the  stretch. 
But  if,  aimultaneously  with  the  hyjrermetropia  and  indejH'ndently  of  it,  there 
is  a  preiwnderance  of  the  interni,  as  is  the  case  in  many  hypcrmetro|H*s,  an 
additional  rea.'^on  is  afTonled  for  the  development  of  inward  s«|uint;  and  the 
latter  will  in  all  jirobability  develop  if  a  still  further  favoring  factor  is  pres- 
ent in  the  shape  of  a  diminution  of  the  visual  acuity  in  one  eye.  The  hyper- 
mctrope,  in  fact,  is  placed  in  the  following  dilemma:  If  he  wishes  to  see  dis- 
tinctly, he  has  to  make  too  strong  an  effort  of  accommodation;  but  he  can  do 
this  only  with  the  aid  of  an  excessive  convergence,  so  that  he  sees  double.  But 
if  he  converges  only  as  much  «s  is  necessary,  he  can  not  bring  the  projKT  amount 
of  accommodation  into  play,  and  hence  sees  indistinctly,  lie  is,  therefore,  given 
the  choice  of  either  seeing  distinctly  and  double,  or  of  seeing  single  and  indis- 
tinctly. He  prefers  the  former  alternntive  whenever,  from  the  fact  that  the 
image  in  one  of  the  eyes  hiks  groAvn  iudtstinct,  di}ilojiia  is  made  less  disagree- 
able to  him. 

In  »trabiJiimm  alternam  both  eyes  often  have  good  visual  acuity,  but  unequal 
refraction.  If,  for  instance,  one  eye  is  far-sighted  and  the  other  near-sighted,  the 
former  .nee»  clearly  at  a  distance,  the  other  near  by,  but  both  eyes  can  never  see 
distinctly  at  the  same  time.  In  this  case  the  far-sighted  eye  would  jicrform  fixa- 
^_  tion  in  looking  at  a  distance,  the  near-sighted  eye  when  looking  near  by,  and  in 
^^^P  either  event  the  eye  not  used  would  s(|uint;  the  image  in  this  eye  not  being 
^^^      distinct,  its  9U])pre3aion  ia  readily  accomplished.     Alternate  strabismus  is  usu- 

■  ally  divergent. 

■  With  many  persons  it  happens  that  during  fnation  the  eyes  arc  pmjM.'rly 
I  pinc<'d,  hut,  when  they  are  looking  about  without  thinking  of  anything  in  j)ar- 
I             ticiilar,  one  of  the  eye«  «quints  a  little  outwartl.     In  such  a  ca.se  we  arc  generally 

■  dealing  with  myopes  with  some  insufficiency  of  the  interni.     In  most  this  con- 

■  dition  remains  the  same  uU  through  life,  while  in  some  few  a  constant  out- 
H  ward  squint  develop.si  from  it. 
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Contrary  to  the  rulo  that  short -sighted  persons  squint  outwanl,  strabümiu 
couvergens  ia  Bometimes  found  conjoined  witli  myopia  of  a  high  degrte.  This 
IB  distinguiBhed  from  ordinarj  Btrubispiiu  convergen«  by  the  fact  that  it  doe« 
not  develop  in  childl»ood,  but  in  the  later  years  of  life,  and  is  jjenerally  aago- 
ciiited  with  an  extremely  unpleasjint  ciip!o|iäa.  It  is  dependent  ujKm  tlie  con- 
•taut  decreaae  in  the  power  of  movement  of  ttie  eye,  due  to  its  enlargpment. 

InUrtnitf^nt  should  not  be  eonfouude<l  with  ftcriodic  Htrabiamiis.  While 
tho  latter  take»  ])lace  nuüy  upon  the  supervention  of  wrtain  definite  causes,  such 
u  tho  act  of  fixation  for  near  objects,  the  former  makes  its  appearance  without 
known  cause.  It  develojw  rjuite  suddenly,  and  after  some  time  disappear»  at 
tuddenly  a^ain  and  returns  at  re^ilar  intervals  (e.  g.,  every  other  day  |.  Inter- 
mittent strabiHiiuiM  is  ordinarily  directed  inward  and  is  almost  exclusively  ob- 
served in  children;  it  is  probably  referable  to  purely  nervous  disturlMoces. 

Deviation  of  the  eyes  upward  or  downward,  although  rare,  al»o  occurs. 
Such  caHCfl  are  for  the  most  part  those  of  atrabisumt*  convergens  in  whicJi  along 
with  the  horizontal  deviation  there  is  also  one  in  the  vertical  directi<»n.  The 
vertic&l  devialion  u.sually  di^iapl^eJ^^8  when  the  strabismus  is  relieved  by  tenot- 
omy of  the  internus.  We  must  henee  conclude  that  this  vertical  deviAtioo  is 
not  to  be  referred  to  t!ie  superior  or  inferior  rectus,  but  to  an  abnormHl  insertion 
of  the  internal  recti,  such  that  in  ^.contraction  of  the  latter  a  detlectiun  in  the 
verti<-al  direction  is  produced  at  the  same  time.  Pure  vertical  deviations,  not 
rcfi-rable  to  paralysis  of  the  su|x;rior  or  inferior  rectus — i.  e.,  a  genuine  «fntU*> 
mua  unrmmrrr^fH»  or  dwrtumvergen» — are  extremely  rare. 

In  the  conHui'ncement  of  convergent  strabismiLs  there  is  simply  an  abnor- 
iiiuIIy  "trong  inniTviition  of  the  internus.  Hence,  the  squint  disappcara  during 
Hk«<|)  and  »Isf»  under  narcosis  (Slellwag);  but  afterwanl  the  muscle,  owing  to 
ItM  cnntinual  contraction,  becomes  drawn  up  permanently,  and  remains  there- 
after  always  too  short. 

The  itift^Him»  «*f  strabismus  can  ortlinarily  be  made  at  a  glance.  In  caaet 
where  the  «h'fli-ction  is  doubtful,  the  test  given  on  page  .542  serves  to  make  the 
dlnK'""*'"'  ^trabisums  is  present  according  to  this  test  if,  upon  covering  one 
myv,  the  oitu'r  makes  a  |wr<-eptiblc  movement  of  redress  in  order  to  fix  the  olv 
iflQt  held  before  it. 

Just  as  a  «light  strabismus  may  remain  unnoticed,  so  also  it  can  hnp|>eD  that 
W«  ni^y  l>eH<^vr  that  we  are  dealing  with  a  strabismus  when  none  exist«.  An 
0mpitrMtt  »tn*t>üimut  of  till«  sort  is  most  frequently  simulated  in  tho  following 
WMys  The  visual  axis  which  joins  the  o)>ject  of  tixation  to  the  fovea  centralis 
«t«ir*a  H'*t  In  nio»t  eves  piu«  thmugh  the  ajn-x  of  the  cornea,  but  the  latter  liei 
»otiiewhat  to  the  taitxiibi  or  inside  of  the  axis.*  If,  then,  the  visual  axes  are 
•  wtmllel  f"P  distant  vixioM,  ihe  enrneal  apioi^s  in  the  first  CJi.se  are  divergent,  in 
lliit  »«««"ond  nw  conv»<rg«>nt.  If  tin.«  dcnation  attains  a  pretty  high  dcgr»*,  it 
|M,tp«»iiiea  luitUvablo  and  «tniulate«  strabismus.  Here,  again,  the  test  above  nten- 
l|i»nt*^1  UwU  fo  thf  corrtH^t  dlagntwis;  for  when  each  eye  is  covered  alternately 
U  I«  Hp|u*iviil  that  the  <<ye  which  is  not  covered  remains  steadfa-nt  in  its  poeition, 
itH«l  heiKv  |tei(orm«  fixation  propsrty. 

•  \X\w  attgl««  ddivrmiuliig  thi^  aiitnunt  of  this  divergence — i\e.,  the  angle  be- 
l^yv^t  lii«  vlattal  a<iU  anil  tlu>  optiivU  axis,  or  Iho  antcro-posterior  line  paanog 
ll^.  i|H^t  t>(  llti>  lH>rnk^4^  i*  calUnl  thr  angtr  a.     This  is  usually  positive  (Le^ 

^^.  M<  |MM*«\«  111  thu  Inside  of  tho  («ptlcnl  axis)  in  hypennetropee;  and  is 

■  niirr'^"-"  \w  4V,  th«  ^  Uual  all»  \\tumf»  to  the  outntdo  of  the  optical  axis)  in  myopes. — D.] 
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Vision  of  Patients  with  Strabismus. — There  is  no  doubt  but  that  in 
the  beginning  of  HtrubismuB  there  is  diplopia  quite  a»  much  n»  (hctv  ia  in  pa- 
raljBia  of  im  ocular  mufsclc.  But  since  in  convergent  strabisinu»  tlie  devtlop- 
nieivt  of  H<|uint  takes  phice  in  childhood,  we  Itear  nothing  (ilwut  dij)lü[)iii,  and, 
by  the  time  that  the  children  have  iK'come  ohl  t'nongh  to  give  a  fru.'itworthy 
account,  they  luive  already  leiirned  to  iR-rform  «-xflusion.  Then  dijplr>pia  can 
fur  the  most  pttrt  he  produced  only  by  «rtiticiid  mejiuo — e.  g.,  by  ]>utting  col- 
ored ghisHcs  lief  ore  the  eye  or  hy  ttio  use  of  prisms  through  which  the  image  in 
the  «juiiiting  eye  is  brouglit  nearer  to  the  fovea  centralis.  But  when  the  sijuint 
does  not  develop  until  later  in  life,  as  is  only  esceptionally  the  case  in  con- 
vergent strabismus,  but  regularly  the  case  in  divergent  strabismus,  diplopia  ia 
then  one  of  the  regular  symptom.^.  Sonictimea  it  is  so  disagrecuble  that  it 
furnishes  the  main  reason  for  the  {mtient's  visit  to  the  jihysician. 

While  ordinarily  no.  diplopia  exista  in  old  casäes  lif  strabismus,  it  is  just  in 
these  cnmn  that  it  is  very  apt  to  make  its  appearance  after  tenotomy.  This  is 
accounted  for  as  follows:  As  long  an  the  eye  was  «nuinting  inward,  the  image  of 
the  object  of  fixation  fell  iijwm  tlie  portions  of  the  retina  situated  to  the  inner 
side  of  the  fovea  (Fig.  Ö8).  This  region  of  the  retina  had  accordingly  accus- 
tomed itself  to  abstract  its  attention  from  the  impressions  received  (regional 
exclusion).  If,  now,  after  tenotomy  the  eve  stands  in  the  i>ro]icr  position,  the 
image  of  the  object  uf  fixatiun  fulls  ujum  the  fovea  or  its  vicinity — that  is,  upon 
portions  of  the  retina  which  have  not  Iwen  exercised  in  the  act  nf  exclusii)n. 
Hence,  the  })atient  complains  of  d][>lopia.  This  as  a  general  thing  soon  dis- 
appears ;  but  in  rare  cases  it  obstinately  {jcrsista  and  becomes  extremely  unpleas- 
ant to  the  patient. 

The  piitudl  aeuity  of  the  scjuinting  ej'e  is  almost  always  reduced.  As  to  t!»e 
cause  of  the  ftrablyojüa.  opinioii>  differ.  Some  think  that  such  amblyopia  as  is 
found  in  the  squhiting  eye  already  existed  before  the  wjuinti  the  latter  having 
had  little  or  no  effect  in  changing  it.  Dthcrs  admit  that  a  certain  degree  of 
aml»lyo[)irt  existed  before  the  development  of  the  wjuint.  and  that,  in  fact,  one 
of  the  main  causes  of  the  latter  consisted  in  this  Hmblyijpia,  but  allege  that  the 
amblyopia  increases  afterward,  and,  often  to  a  considerable  degree,  owing  to 
the  disuse  of  the  eye.  The  latter  view,  in  which  I  also  share,  is  based  upon 
the  fact  that  the  older  the  Sfiuint  is,  the  worse  the  visual  power  is  found  ti>  be. 
The  visual  jxiwer  is  finally  reduced  to  (he  point  where  there  is  sinijily  the  ability 
to  count  fingers,  and  the  |>ower  of  fi.xntion  is  lost.  Then  when  the  sound  eye  is 
covered,  the  deviated  eye  no  longer  adjusts  itself  for  fixation,  but  remains  fixed 
in  its  squinting  position,  or  oven  si^uints  still  more  strongly  inwunl  than  before. 
Schmidt-Rimpler  mentions  the  following  instnictive  case  which  sivows  the 
gradual  diminution  of  visual  acuity  in  the  deviated  eye:  He  operated  on  a 
■even-year-old  boy  for  strong  inward  squint.  At  the  time  of  the  o|)eration  there 
was  stUl  perfect  vision  in  the  squinting  eye.  By  the  ojjeration  the  s(]uint  was 
diminished,  Imt  not  jierfectly  done  away  with.  Ten  years  afterward  the  vision 
of  the  s(piinting  eye  had  .sunk  bo  low,  without  the  latter  having  been  diseased 
in  any  way,  that  it  could  only  count  fingers  at  four  metres,  and  was  no  longer 
able  to  (K'rform  central  fixation. 

A  further  proof  that  the  vision  of  the  squinting  eye  ia  at  least  in  part  not 
congenital,  but  acquired  Iwcause  of  the  squint,  is  afforded  by  the  fact  that  it 
can  be  improved  by  suitable  exercise.  There  are  a  few  cases  known  in  which 
eyes  that  were  no  longer  able  to  perform  fixation,  were  brought  up  to  such  a 
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tlic  Biie  of  the  strabismic  anisic,  since — the  size  of  the  eyeball  bt-iiig  assumcfl  to 
be  about  normal — one  millimetre  uf  linear  deviation  correspauds  apjjroximutely 
to  an  angle  of  6°. 

By  means  of  a  linear  raeaaureraent  we  can  also,  following  the  method  pro- 
posieil  by  Alfred  Graefe  (see  jMige  53Bl,  measure  the  lateral  arcurgioiiM  of  the 
aquinting  eye.  The  following  is  the  result  thus  obtained  in  convergent  Btrabis- 
mus:  The  adduction  of  the  eyeball  ia  increased;  the  cornea  can  l>e  carried  so 
far  inward  that  its  margin  is  in  contact  with  the  caruncle — in  fact,  it  not  infre- 
quently is  completely  concealed  Itehind  the  caruncle.  On  the  other  hand,  ab- 
duction is  diminisihed,  but,  i»  cose  the  equint  ha«  not  already  lasted  too  long, 
not  more  than  the  increanc  in  adducticm  amount»  to.  The  total  capacity  for 
lateral  excursion  has  therefore  remained  the  »ame,  but  the  tatter  ha«  Buffered  a 
general  diBplacement  inward.  In  old  and  extreme  casea  of  inwanl  squint  this 
relation  changes,  the  abiluction  being  reduced  »till  lower  wif  liout  being  com- 
pensated for  by  a  corrcspjonding  increase  in  the  adduction,  «o  that  the  total  ex- 
cursion-range ia  diminished.  The  increase  in  the  power  of  making  inward 
movement  always  exist«  in  both  eyes,  although  it  attains  a  higher  degree  in  the 
eye  that  SKjuints.  This  fact  i»  explained  aa  follows :  Owing  to  the  increased  de- 
mands made  upon  the  accommodation,  an  excessive  impulse  is  set  free  for  the 
production  of  convergence.  As 
convergence  is  an  associated  move- 
ment of  both  intemi,  thiB  impulse 
affect»  both  at  once,  so  that,  ow- 
ing to  their  excessive  contraction, 
the  viaual  axes  would  cross  in 
front  of  the  object;  but  bä  the 
patient  then  would  fail  to  have 
direct  vision  of  the  object  with 
either  eye,  he  turns  his  head  a 
little  to  one  side.  He  thus  gets 
the  object  into  the  line  of  vision, 
£?,  of  one  (ami  that  the  better)  eye 
(i,  Fig.  130),  while  the  line  of 
vision,  gu  of  the  other  eye  shoots 
off  ao  much  the  farther  from  the 
object.  Thus  the  patient  secures 
fixation  with  one  eye  at  all  event«, 
although  both  intenii  are  still 
atrongly  contracted.  It  ia  owing 
to  the  lai^t-named  fact  that  the 
increase  in  the  power  of  adduction 
develojM  in  the  course  of  time  in 

both  eyes.  By  this  fact,  too,  is  exjilaincd  the  Mique  potition  of  the  head  in 
those  affected  with  convergent  strubismus — such  persons  carrying  the  head 
turned  toward  the  wide  of  the  healthy  eye  f  Arlt). 

In  divergent  stnibismus  the  region  of  lateral  excursion-movements  of  the 
eye  is  displaced  outward.  The  power  of  moving  outward  has  increased,  that  nf 
moving  inward  has  diminished.  Bince  the  latter  diminution  is  much  grentcr 
than  the  former  increase,  the  total  capacity  of  the  eye  for  making  excursion- 
movements  is  always  considerably  decreased. 


Fio.  lao.'-OBijgiTit  PoBmo»  or  th«  Iti:  • 
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A  knowledge  of  tho  power  possesfled  by  the  squinting  eye  for  making  lutoral 
excursioo-raovometits  is  iadispciisabk  as  a  guide  in  selecting  the  method  of  ojkt- 
fttioii  and  in  predicting  the  result  that  msiy  be  expected.  In  convergent  strabis- 
mus «ectioo  of  the  iuterni  hiia  the  greater  effect,  in  projwrtion  to  the  power 
with  which  the  externus  can  draw  the  eye  over  to  its  own  side  after  the  openi- 
tion.  But  the  measure  for  the  working  capacity  of  the  externus  is  the  degree 
to  which  the  e>'e  e»n  be  abducted.  If  the  abduction  is  greatly  dimioished, 
itniple  tenotomy  of  the  internus  will  afford  very  little  result,  and  we  «liall  be 
obliged  to  proceed  to  advancement  of  tlie  externus.  In  divergent  atrabiamtu 
■dvsaoemcnt  of  the  internus  is  almost  always  required,  owing  to  the  very  gn»t 
dimiautioa  in  the  power  of  adduction. 

IV.  Nystagmus. 


129.  By  nystagmits  or  tremulousness  of  tho  eyes  are  meant  short, 
jerking  movements  of  the  eye  which  are  very  rapidly  repeated  and 
always  üccur  in  the  same  direction.  The  movoraents  of  the  eye,  lut  a 
whole,  are  not  affected  by  it.  Different  kinds  of  nystagmus  are  dis- 
tingnislu'd  according  to  the  direction  in  which  tho  movement«  occur. 

tXffs((i(/nitis  usn'lhitorius  is  present  when  the  eyes  are  in  a  state  of  vibra^ 
tory  movement  which  may  take  place  in  either  a  horizontal  or  a  vorti- 
cal direction  (nyst^igmus  oacillatorius  horizontalia  et  verticalis).  In 
nyntiujtnUrU  rotalorius  rolling  movements  of  the  eye  abont  the  sagittal 

I  axis  take  j)lace.  Frequently  the  vibratory  are  found  combined  with  the 
rotatory  movements  (nystnymus  mijlu.^). 
Nystagnuie  is  usually  more  pronouncetl  in  some  directions  of  the 
jMt^tonn  pronounced  in  otherg;  often  it  is  quite  inconstant  and  does 
fl«l  appear  at  all,  eice])t  in  certain  directions  of  the  gaze.  The  nys- 
tagmus  ordinarily  grows  more  marke<I  if  the  patient  knows  tliat  he  is 
obsorvod,  or  if  he  is  told  to  keep  his  eyes  still. 

Nystagmus  usually  affects  both  eyes.  It  sometimes  happens,  thongh, 
that  it  is  less  prononnced  in  one  eye  than  in  the  other,  and  it  may  actu- 
ally be  lintitcd  to  one  eye.  Not  infrequently  nystagmus  is  associated 
with  squint. 

The  n»ost  frequent  causes  of  nystagmus  are — 

(n)  Amblyopia,  when  this  has  existed  since  birth  or  very  early  youth, 

Blentiorrluea  mH)natorum  is  extremely  apt  to  give  rise  to  it,  if  this  dis- 

MM  leiivos  coruoal  opacities  or  anterior  polar  cataract  behind  it     In 

I  Othftr  0MO6  there  tire  very  great  errors  of  refraction,  congenital  opacities, 

or  other  congenital  anomalies  (especially  albinism),  retinitis  pigmentosa. 

If,  thert'fore,  we  have  a  patient  with  nystagmus  to  examine  for 

tittu  »ml  vision,  we  must  bo  prepareil  beforehand  for  a  failure  to 

ieoun«  perf«H<t  vision  by  a  glass  of  any  kind. 

In  what  way  does  amblyopia  produce  nystagmus?  Fixation  is  not 
%  (Wiultv  inboru  in  man.  but  has  to  be  learned  by  practice.  Very  small 
idiiUiren  do  not  {x^rform  fixation,  but  move  their  eyes  about  aimlessly. 
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Now,  if  the  retina  does  not  receive  weU-deflned  imuges,  the  child  does 
not  learn  to  place  the  eye  accurately  in  the  direction  rc<|uired  and  keep 
it  Btill.  Hence,  nystagmua  fiiüa  to  develop  if  the  amblyopia  does  not 
set  in  till  later  in  life,  at  a  time  when  the  eyea  hare  already  leurticd 
how  to  perform  fixation. 

(A)  Nystagmus  ia  a  symptom  of  many  cerebral  affections,  particu- 
larly of  disseminated  sclerosis. 

((■)  Nystagmus  develops  in  laborers  in  coal-mines,  owing  to  the  way 
in  which  they  work  in  the  drifts. 

Nystagmus  is  associated  with  no  special  harm  for  the  patient,  for 
the  defective  vision  of  such  cfises  ia  not  to  be  attributed  to  the  nystag- 
mus, but,  on  the  contrary,  is  the  cause  of  it.  There  is  no  cure  for  nys- 
tagmus. 

To  these  statements  miners'  nystagmus  forms  the  only  exception. 
It  causes  the  patients  very  considerable  annoyance,  owing  to  the  fact 
that  it  makes  all  objects  appear  in  motion,  which  is  not  the  case  in  the 
other  kinds  of  ny.*tagintis.  Everything  seems  to  dance  before  the  eyes, 
ao  that  vertigo  is  prcnluced  and  further  work  becomes  impossible. 
Moreover,  this  form  of  nystagmus  is  curable,  although,  to  be  sure,  only 
on  condition  that  work  in  the  coal-mines  ia  given  up  entirely.  When 
this  is  done,  the  nystagmus  after  some  time  disappears  of  itself. 

Persons  suffpring  from  nystagmua  are  not  nwarcof  it  themselves;  tliey  Icnm 
of  the  tremor  of  tliuir  L'jfs  only  thruug-h  iiiforuiHtion  g-ivi-n  by  other«.  Many 
patients  make  the  same  ^•ibrator]'  movements  with  tlieir  headd  as  with  their  eyes, 
only  in  an  opjxisite  iliroction.  There  are  also  men  who  can  produce  nystagraua 
voluntHrily, 

A  certain  degree  of  visual  power  must  be  present  for  nystagmws  to  exist; 
persons  who  arc  bom  blind,  or  who  become  totally  blind  very  early,  do  not  ac- 
quire nystagmus,  In  such  person»  the  eyes  move  slowh'  and  aimlessly  about, 
making  large  excurHions  and  often  going  (juito  contmry  to  the  laws  of  associa- 
tion. 

Miners'  nystagmus  occurs  exclusively  in  those  who  work  in  the  coal-drifts. 
It  affects  hardly  any  except  the  class  of  workers  known  as  pick-men.  After 
these  men  have  worked  several  years  in  the  drifts,  they  notice  that,  when  they 
leave  the  drift  in  the  evening,  everythinj^  dances  Ik- fore  tlieir  eyes.  This  phe- 
nomenon disappears  again  in  a  short  time,  but  if  the  work  is  keftt  u|)  reappears, 
occurring  earlier  each  lime  and  laMting  longer,  antil  the  patient  is  comiwlled  to 
give  up  his  work.  In  the  examination  of  such  patieots  at  the  commencement 
of  their  di»ica.4e,  it  can  be  made  out  that  nystagmus  takes  place  only  when  the 
gaze  ia  directed  .»itraight  up,  or  up  and  to  one  side.  This  fact  furnishes  the  ex- 
planation for  the  occurrence  of  nv-Htagmus.  The  pick-meu  in  many  coal-mines 
work  in  a  recundwat  position  with  their  eyes  turned  a  good  deal  upward  and 
in  an  oblique  direction.  This  way  of  looking,  which  causes  a  good  deal  of 
strain,  leads,  when  long  maintained,  to  exhaustion  «ml  clonic  .spasm»  of  the  eye- 
muscles.  Tlie  apparent  movement  of  objects  that  r«3suUR  from  nystagmus  is 
readily  accounted  for.  As  the  eyes  vibrate  to  and  fro,  the  images  of  all  objects 
upoa  the  retina  move,  too,  but  in  an  op{iosite  directtoa.     But  as  the  patient  is 
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not  aware  of  the  movement  of  his  eyes,  he  necessarily  attributes  the  displace- 
ment of  the  retinjil  imugea  to  movements  of  the  objects  themselves.  But  why, 
then,  do  not  tho&e  who  have  acquired  nystagmus  because  of  amblyopia,  see  ob> 
jecta  affected  with  a  like  dancing  motion?  Because  they  have  suffered  from 
nystagmua  from  childhond,  ami  hence,  Ht  the  same  time  that  they  have  learned 
to  see,  have  nlnn  learned  in  projecting  their  retinal  images  to  take  the  nystagmic 
movements  of  the  eyes  into  account. 

Tmiic  »pamns  of  the  ocular  muscles  are  extremely  rare.  Many  ca^es  of  inter- 
mittent strabismus  (page  570)  l>elong  under  this  head.  They  are  furthermore 
observed  in  cerebral  affections,  particularly  under  the  form  of  conjugate  devia- 
tion (Pr6vost).  This  arise»  fmni  a  deflection  of  both  eyc3  toward  the  same  side, 
which  is  due  to  spasm  of  the  apjiropriate  tiiuscles,  resulting  from  disease  of  «.me 
of  the  centers  for  the  association  of  ocular  movements.  These  cases,  therefore, 
are  comparaltle  with  those  of  conjugate  paralysis  (pages  553  and  560),  except 
that  the  case  is  one  of  R(>asm  instead  of  [»aralysia,  Tonic  spasms  of  the  ocular 
muscles  may  also  occur  as  a  result  of  hysteria.  I  have  observed  two  perfectly 
analogous  cases  in  women.  At  every  attempt  to  perform  fixation  of  an  object, 
either  far  or  near,  both  eyes  at  once  assumed  a  position  of  extreme  convergence, 
the  pupils  at  the  same  time  being  very  greatly  contracted  and  the  accommoda- 
tioE  thrown  into  a  state  of  spasm.  Here,  therefore,  the  three  associated  muscle« 
— i.  e. ,  the  intcrni,  the  sphincter  pupill«,  and  the  ciliary  muscle,  were  simul^ 
taneously  thrown  into  a  cnniiition  of  spasmodic  contraction.  By  a  rather  pro- 
tracted treatment  with  the  constant  current,  one  case  was  entirely  cured,  the 
other  essentially  improved. 


CHAPTER  XV. 
DISJSÄSES  OF  THE  ORBIT. 

Anatomy. 

130.  The  bony  orbit  forms  a  quadriJateral  pyramid,  whose  base  cor- 
responds to  the  anterior  aperture  of  the  orbit,  and  whose  apex  (o  the 
optic  foramen.  The  nasal  walls  of  the  two  orbits  arc  about  parallel  to 
each  otlier;  but  the  temporal  walls  diverge  from  each  other  a  good  deal 
from  behind  forward.  'I'lie  nasal  wall  is  the  thinnest,  as  it  is  formed 
by  the  lachrymal  bone  which  is  as  thin  as  paper,  and  by  the  delicate 
lamina  papyracea  of  the  ethmoid  (Fig.  93,  Tand  L).  At  its  anterior 
extremity  it  bears  the  fossa  lacrimalis  for  the  reception  of  the  lachry- 
mal sac  (Fig.  05,/),  In  the  posterior  portions  of  the  orbit  are  found 
three  apertures  which  connect  the  orbit  with  the  parts  adjacent.  These 
are :  1.  The  optic  foramen  which  passes  between  the  two  roots  of  the 
lesser  wing  of  t!ie  sphenoid  into  the  middle  fossa  of  the  skull.  Through 
it  the  optic  nerve  and  beneath  the  latter  the  ophthalmic  artery  pass  into 
the  orbit  (Fig.  24,  F).  2.  The  superior  orbital  fissure  lies  at  the  junction 
of  the  upper  and  onter  wall,  and  is  bounded  by  the  lesser  and  greater 
wing  of  the  sphenoid.  It  also  opens  into  the  middle  fossa  of  the  skull, 
and  transmits  the  nerves  for  llio  ocular  muscles  and  the  first  branch  of 
the  trigeminus.  3.  The  inferior  orbital  fissure  is  longer  than  the  supe- 
rior orbital  fissure,  and  lies  at  the  junction  of  the  outer  and  the  lower 
wall  of  the  orbit,  between  the  great  wing  of  the  sphenoid  and  the  superior 
maxilla.  It  connects  the  orbit  with  the  temporal  fossa  (fossa  spheno- 
maxillaris).  Through  it  the  twigs  of  the  second  branch  of  the  tri- 
geminus, the  largest  of  which  is  the  infra-orbital  nerve,  pass  into  the 
orbit. 

The  walls  of  the  orbit  at  their  anterior  margin  bacomc  thickened 
into  a  strong  bony  ring,  the  vmrgin  of  the  orbit.  This  constitutes  the 
most  important  defense  of  the  eye  against  external  force,  especially 
above  and  below  where  it  juts  farthest  out.  On  the  inner  side  there  is 
no  sharply  defined  margin  to  the  orbit,  but  here  the  eye  is  protected  by 
the  bridge  of  the  nose.  On  the  outer  side  the  orbital  margin  recedes 
the  farthest  (Fig.  94,  A),  so  that  hero  the  eye  is  most  exposed  to  in- 
juries. At  the  upper  margin  of  the  orbit  is  found  the  supra-orbital 
notch  designed  for  the  artery  and  nerve  of  the  same  name  (Fig.  95,  i). 
87 
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At  the  lower  margin  of  the  orbit  there  is  a  canal  (the  infra-orbital 
canal)  for  the  infra-orbital  artery  and  nerve,  and  this  opens  upon  the 
cheek — by  means  of  the  infra-orbital  foramen  (yf.  Fig.  95) — about  foor 
millimetres  beneatli  the  orbital  margin.  This  point  and  the  snpFB- 
orbital  notch  are  of  practical  importance,  as  constituting  the  points  of 
exit  of  the  aforesaid  nerves.  Sensitiveness  to  pressure  at  these  spots  is ! 
a  frequent  symptom  in  neuralgias  of  the  trigeminus  and  also  in  eesen- 
tiai  blepharospasm. 

The  orbit  is  surrounded  by  several  other  cavities  in  disease  of  which 
it  can  itself  be  implicated.  These  cavities  arc  the  nasal  fossae  and  the 
cavities  accessory  to  them — namely,  the  ethmoidal  and  sphenoidal  si- 
nases,  the  frontal  sinus,  and  the  antrum  of  Ilighmore. 

The  contents  of  the  orbit  consist  of  the  eyeball  with  the  optic  nerve 
and  the  muscles,  the  lachrymal  gland,  the  vessels,  and  the  nerves  The 
interstices  between  these  structures  are  filled  with  orbital  fat,  and  the 
whole  is  maintained  in  a  state  of  firm  connection  by  a  sj-stem  ot/msciet. 
The  latter  display  a  greater  strength  and  a  more  intimate  nnion  with 
ouc  another  in  three  places,  viz. :  1.  Along  the  walls  of  the  orbit  They 
cover  the  latter  under  the  form  of  a  periosteum  (here  called  periorbita), 
and  liicewise  may  be  regarded  as  making  an  anterior  wall  for  the  orbit. 
This  anterior  wall  is  formed  by  the  fascia  which  starts  from  the  margin 
of  the  orbit  and  is  attached  to  both  tarsi  and  also  to  the  ligamcntum 
canthi  internum  and  externum  (fascia  tarso-orbitalis).  These  struct- 
uroa  combined  represent  the  septum  orbitale,  which,  when  the  lida  are 
closed,  shuts  off  the  orbit  anteriorly  and  keeps  its  contents  in.  2.  The 
ocular  muscles  arc  surrounded  by  fasciae  which  send  out  processes  con- 
necting the  muscles  with  each  other,  with  the  lids,  and  with  the 
margins  of  the  orbit  (see  page  533).  3.  Surrounding  the  eyeball  the 
fascia»  are  condensed  into  a  fibrous  capsule,  Tenoti's  (also  called  /?oh- 
nel"«)  caj)sule.  This  extends  forward  as  far  as  the  conjunctiva  of  the 
eyeball  and  b.ackward  nearly  to  tho  optic  nerve.  It  is  thus  open  in 
front  and  behind,  and  may  be  Siüd  to  represent  a  broad  ring  placed 
about  tho  eyeball.  It  forms  the  articular  socket  for  the  eyeball,  which 
can  move  in  it  freely  in  all  directions.  The  contiguous  surfaces  of  Te- 
non's capsule  and  of  the  eyeball  are  smooth,  and  are  provided  with  an 
endothelial  covering  (Schwalbe),  The  intervening  space.  Tenon's  space 
(/,  Fig.  53),  must  be  regarded  as  a  lymph-spc.ce  which  is  continuous  pos- 
teriorly with  the  lymph-space  (supra-vaginal  space ;  s,  Fig.  53)  surround- 
ing the  external  slieath  of  the  optic  nerve.  At  the  points  where  the  ten- 
dons of  the  ocular  muscles  pierce  Tenon's  capsule,  the  latter  is  reflected 
upon  the  muscles  aud  becomes  continuous  with  the  fascia  covering  them 
(lateral  invaginations  of  the  muscles,  e  and  c„  Fig.  53). 

The  blood-vessels  of  tho  orbit  arise  from  the  ophthalmic  artery  which 
springs  from  tho  internal  carotid  and  enters  the  orbit  through  the  optic 
foramen.    The  venous  blood  leaves  the  orbit  through  the  superior  and 
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inferior  oplitlialmio  veins,  both  of  which  make  their  way  through  the 
superior  orbital  fissure  to  the  oavernoua  sinus  into  which  they  empty. 
The  above-mentiont'd  veins  form  numerous  anastomoses  with  the  vcinB 
of  tlie  forehead. 

Lymph- Vessels  and  lymi)!iatic  glands  are  wanting  in  the  orbit. 

The  nerves  of  the  orbit  are  either  motor — these  beiug  the  nerves 
destined  for  the  ocular  muscles — or  sensory ;  the  latter  belonging  to  tlio 
first  and  second  braneh  of  the  trigeminus.  To  the  outer  side  of  the 
trunk  of  the  optic  nerve  liea  the  ciliary  ganglion.  This  contains  motor 
fibers  derived  from  the  oculomotor  nerve  (short  root),  sensory  fibers 
iroui  the  trigeminus  (long  root),  and  sympathetic  fibers  from  the  plexus 
wliich  envelops  the  carotid.  The  short  ciliary  nerves  pass  from  the 
ciliary  ganglion  to  the  eye,  through  the  posterior  division  of  which  they 
enter  the  interior  of  the  organ.  The  long  ciliary  nerves,  wliich  like- 
wise enter  the  eyeball,  do  not  arise  from  tlie  ciliary  ganglion,  but  come 
directly  from  the  trigeminua  (from  the  branch  of  it  called  the  naso-cili- 
ary  nerve). 

Position  of  the  Eyeball  in  the  Orbit— This  on  an  average  is  such 
that  a  straight-edge  applied  in  a  vertical  direction  to  the  upper  and 
the  lower  margin  of  tlie  orbit  and  pressed  against  them  just  comes 
into  contact  through  the  closed  lids  with  the  apex  of  the  cornea,  but 
does  not  sensibly  compress  the  eye.  Variations  from  this  mean  posi- 
tion very  frequently  occur:  partly  in  consequence  of  individual  differ- 
ences in  the  formation  of  the  face;  partly,  too,  on  account  of  changes 
in  the  quantity  of  orbital  fat.  When  coi-pulencc  is  on  the  increase,  tho 
eyes  project  farther  from  the  orbit  (goggle-eyes);  bat  when  there  la 
emaciation,  they  sink  back  into  their  sockets. 

Pathological  changes  from  the  normal  position  occur  chiefly  in  the 
way  of  a  protrusion  of  tho  eyeball  from  the  orbit — exophthabnus.  On 
account  of  the  great  individual  variations  in  the  position  of  the  eyeball, 
small  degrees  of  exophthalmus  can  be  diagnosticated  with  certainty  only 
when  they  are  limited  to  one  eye,  so  that,  by  making  the  comparison 
with  the  other  eye,  a  guide  to  the  diagnosis  is  secured.  Higher  degree* 
of  exophthalmus  attract  our  notice  at  onee.  The  protrusion  of  the  eye- 
ball may  advance  so  far  that  the  lids  are  no  longer  able  to  keep  the  ej'c 
back  in  the  orbit,  and  thus  it  prolapses  in  front  of  the  lids — luxalio 
btdbi.  The  protrusion  of  the  eyeball  ia  either  directed  straight  forward, 
or  there  is  at  the  sanno  time  with  this  forward  projection  a  lateral  dis- 
placement of  the  globe  of  the  eye. 

Exophthalmus  is  caused  cither  by  an  increase  in  the  volume  of  the 
orbital  tissue  or  by  a  diminution  in  tho  capacity  of  the  orbit.  Tho 
former  is  ranch  the  more  frequent.  But  exophthalmus  can  also  be 
produced  by  a  relaxation  of  the  tone  of  the  recti  muscles,  which  draw 
the  eye  backward.  This  ia  the  case  in  paralysis  or  in  division  (tenot- 
omy) of  thorn. 


or  TBK  SIX. 


The  etmttgmmm  d  exafhtbtimim  v^cb  it  ■  «f  ligk  ikyix  sre  ex- 
Utandy  itiwtiiriiii  to  the  ^e:  1.  The  fmkcr  Oe  «fe  egvcs  famd, 
the  man  it  pmhw  the  Bdi  iprt.    The  peipefacd  ianfc  ie,  Chocfkie«, 
MOPe  «ideif  «pea  nd  Moe«  «f  tte  ijiihJI  iiviAle  is  ü  than  mmaL 
Itt  di|^  CMBiof  exophttelBMithe  filitüka  of  the  fripefarallMB«  i* 
ofteaBMeooMiMeaoBiywatheeetMipraCzwiaMaCtheeycfcalL    The 
fiKt  of  the  eyefaall  heiiigMace  eTpeeed  icaaHs  in  ^vpfeoaM  of  imtatioB 
opon  the  part  of  the  eonjaaetivm,  each  ee  iwlmaw  of  the  ocalar 
eoBJaaetiTm  and  eptphoem.    Am  the  jmitiiMion  of  the  ^<elaU  grovs 
giwtiiy  the  dfliue  of  the  fids  hecoM  imperfect  (hgaphÄebnas)  and 
Ihn  the  eonM«  htfjaa  to  111111»,  becnae  kcntitie  e  le^nplillnlinn  d»- 
valopBL    This  is  the  OMst  dreaded  aeqael  of  aophthelmm,  and  o«e  to 
which  regard  has  priaarily  to  be  paid  in  the  treatiaeat  («a  page  416). 
2.  The  piMsuii!.  vhich  the  ejefaall  exerte  apoo  Uia  lids  twäm  behi&d 
leads  to  tfaetr  ereniafn ;  ectropioa  of  the  low«-  \id  defdops.    3.  The 
nobilltj  of  the  ejebaU  diminidies  in  proporrioa  as  the  protraaon  ti»- 
creasei,  owing  to  the  tightening  of  the  recti  mnsdes  and  of  the  optie 
nenre.    4.  Viwm  is  affected  in  varioos  wajs.    In  the  oases  in  which, 
together  with  the  protrusion  of  the  ere,  a  faiteral  displacement  of  the 
organ  exists,  diplopia  makes  its  appearance.     Later  on  the  riäion  of  the 
protrading  eja  naj  be  abolished  altogether  bj  keratitis  or  br  disease  of 
the  optic  nenre.    The  latter,  as  loi^as  the  prolraaioa  of  the  ere  is  bat 
sligfat,  is  snbject  to  no  andne  tension,  its  normal  S-«haped  cunre  (see 
page  423)  being  simply  straightened  oot;  it  is  not  nntil  the  oje  is 
caosed  to  protmde  pretty  far  that  tbe  optie  nerve  h  pnt  on  the  stretch. 
If  this  stretching  takes  place  gradnally,  tbe  nerre-fibers  often  accommo- 
date themselres  to  it  in  a  wonderful  fashion,  s)  that  thej  preserve  their 
condocÜTity,  and  riaion  is  maintained  intact ;  bnt  if  the  exophthalmos 
increases  rapidly,  the  optic  nerve  reacts  to  the  traction  by  nndergoing 
inflammation,  with  snbse^^inent  atrophy. 

la  the  growth  of  tbe  body  the  orbit  expands  in  proportion  as  the  eyeball 
enlarges.  If  tbe  eyeball  ia  backward  in  its  growth,  and  more  eqwciallj  if  H  i* 
rritircly  destroyed  in  childhood,  the  dimeniions  of  the  orbit  also  remain  smaner. 
If,  therefore,  in  such  caacs  it  Ls  desired  later  on  in  life  to  wear  an  artificial  eje, 
the  orbit  is  usually  found  to  be  too  small  for  this  purpose. 

Tbe  inferior  orbital  fissur;  is  closed  by  a  fascia  with  which  numeroas  smooth 
tnuscular  fibers  arc  interwoven  (musculus  orbitalis  of  Malier).  These  are  inner* 
Tutcd  by  the  sympathetic,  and  it  is  therefore  supposed  that  the  slight  receasioB 
of  the  eyeball  in  paralysis  of  the  sympathetic  depends  upon  relaxation  of  these 
Übers, 

T))c  situation  of  the  eyeball  in  the  orbit  not  only  vorie.«  in  different  mm,  but 
may  also  be  unlike  on  the  two  sides  in  the  same  individual.  This  is  cotubincd 
with  an  asymmetrical  formation  of  the  face,  which  is  frequently  associate«!  with 
a  difference  in  the  refraction  of  the  eyes,  tn  this  case  tbe  difference  in  position 
may  be  only  apparent,  since  the  myopic  eye  is  longer,  and  hence  is  more  pronü- 
lit,  80  that  an  exophthalmua  i.s  simulated. 
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For  measuring  the  degree  of  cxophtlvalmus,  instnimcDta  hare  been  con- 
structed, which  arc  callt^d  exophthulmometers  or  statomctera  (Cobo,  Hasner, 
Zebender,  Suclleu). 

The  opposite  condition  to  exoplithaltnu!-,  iiiimcly,  the  recession  of  the  eyeball 
into  the  orbit — etif/phtfuilmu« — occurs:  1.  In  decrease  of  the  orbital  fat  conse- 
rjutnt  upon  extreme  einaciation.  In  Asiatic  cholera  this  condition  develops 
within  a  few  hours,  owing  to  the  enormous  loss  of  water  from  the  tissue  (Von 
Orai-fi).  2.  In  paralysis  of  the  eympathetic  (see  above),  8.  After  injuries  (en - 
ophthalmus  trsiutnnticus).  In  most  cases  of  this  kind  the  traumatLtin  docs  not 
affect  the  eyobalt  itself,  but  the  upi)er  marpiii  of  the  orbit.  Nieden  looks  upon 
the  cuophthalmusthat  follows  in  the«  cases  na  due  to  the  cicatricial  contraction 
of  the  orbital  tissue  caused  by  the  injury.  Lang,  on  the  contrary,  believes  that 
the  case  h  one  of  indirect  fracture  of  the  lower  wall  of  the  orbit  which  is  thus 
driven  in  to  the  antrum  of  Higlmioro,  As  a  result  of  this  the  space  occupied 
by  the  orbit  would  be  enlarged,  so  that  the  eyeljall  is  pushed  hark  by  the  press- 
ure of  the  external  air.  In  favor  of  this  view  are  one  or  two  cases  in  which  the 
eyeball  has  Iwen  actually  luxated  into  the  antnim  of  Highmore  by  a  blow  from 
a  cow's  horn.  4.  After  the  spontaneous  subsidence  of  a  pulsating  cxophthal- 
mua  (Broancr).    5.  In  oeurotic  atrophy  of  the  face. 


I.   IXPLAMMATIONS. 

(a)  Inflammations  of  the  Bony  Wall  and   of  the  Periosteum  of  the 

Orbit. 

131.  Periostitis  of  the.  bones  of  the  orbit  is  not  rare,  particularly  at 
the  orbital  margin.  Here,  too,  it  is  easiest  to  diagnosticate.  A  hard 
swelling  is  felt  immovably  attached  to  the  hone  and  causing  the  margin 
of  the  orbit  to  appear  thicker  and  misshapen — a  fact  which  is  par- 
ticularly striking  when  comparison  is  made  with  the  sharp  margin  of 
the  orbit  on  t!io  other  side.  In  view  of  the  great  tendency  toward 
rfidematous  swelling  possessed  by  the  lids  and  the  conjunctiva,  it  is 
qnite  conceivable  that  snch  a  swelling  may  exist  to  a  greater  extent' 
upon  oilc  side  than  upon  the  other;  still,  it  is  usually  easy  to  feel  Iho 
tumefaction  of  the  periosteum  through  the  soft  swelling  of  the  lids. 
Moreover,  the  diseased  spot  is  distinguished  by  its  greater  sensitiveness 
to  pressure. 

If  the  periostitis  is  situated,  not  at  the  margin,  but  in  the  depth  of 
the  orbit,  the  diagnosis  is  much  more  difficult.  We  have  at  first  simply 
the  signs  of  a  painful  inflammation  in  the  deeper  parts  of  the  orbit. 
That  this  inflammation  starts  from  the  periosteitm  is  frequently  not 
apparent  until  the  periostitis  leads  to  the  formation  of  an  abscess,  and 
this  breaks  through  to  the  outside,  in  which  ease  we  then  come  down 
upon  the  diseased  bone  with  the  sound. 

The  course  of  periostitis  leads  in  favorable  cases  to  complete  resorp- 
tion of  the  periosteal  exudate  or  to  the  formation  of  a  permanent  de- 
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posit  of  bone  (especially  in  syi^lulitic  periostitis) ;  it  is  more  onfiiTorablo 
wlien  tho  periostitis  goes  on  to  suppuration  which  is  followed  by  caries 
and  necrosis  of  tho  bone. 

When  a  periosteal  abscess  develops  at  tho  margin  of  the  orbit,  tho 
»kin  over   tho   affected   spot   first   becomes  reddened,  then   becomes 
thinned  by  the  pua,  and  finally  is  perforated.    A  fistula  is  thus  produced 
through  which  the  sound  passes  down  to  bare  bone.     Afterward  there. 
rl*.!voli)ji,-  at  tho  site  of  the  fistula  the  funnel-shaped  depression  whici 
U  chanvcteristic  of  bone-diseaae.     Tho  discharge  of  pus  from  the  fistul 
koopA  up  until  uil  tho  diseased  bone  that  has  died  has  been  cliniiuatcd,^ 
tt  process  f()r  which  not  infrequently  several  years  are  required.     Then 
the  flatula  heals  and  leaves  a  depresj^ed,  funnel-shaped  cicatrix  attachedj 
to  the  margin  of  the  orbit.     Tlirough  this  can  be  felt  the  defect  in.' 
the  margin  of  tho  orbit  left  by  the  necrosis.    Other  consequences 
whirh  frcrjucntly  i-cmain  are  ectropion  of  the  affected  lid  and  cvei 
hi^ophihalrinis.     These  two  conditions  are  caused  partly  by  the  fact^ 
that  tho  lid  is  attached  to  the  margin  of  tho  orbit  and  drawn  well  back 
toward  it,  partly  by  the  fact  that  a  portion  of  the  skin  of  the  lid  haaj 
been  deslro^-ud  in  consequence  of  the  prolonged  suppuration. 

When  thu  poriostitis  which  has  gone  on  to  the  formation  of  an  ab- 
scess is  situated  in  the  depth  of  the  orbit,  the  disease  runs  its  course 
with  tho  »ymptoma  of  retrobulbar  phlegmon,  which  will  be  described 
later  on.  The  process  is  tluni  nuicli  more  severe  and  of  longer  duration, 
sinew  it  liikfs  a  good  while  for  the  jius  to  make  its  way  from  the  depth 
of  the  orbit  to  tho  surface.  These  deep  suppurations,  moreover,  may 
bj  dangoroufl  to  life,  if  they  are  transmitted  to  the  cranial  cavity  and 
give  rise  to  niouingitis  or  absceis  of  the  brain.  In  this  respect  the 
pOrlostitidoa  of  tho  roof  of  the  orbit  are  particularly  to  be  dreaded, 
bucausu  at  tliis  spot  the  cranial  cavitj'  is  separated  from  the  focus  of 
pu«  ill  tlio  orbit  only  by  a  very  thin  lamella  of  bone. 

The  miinrn  of  periostitis  are:  1.  Injuries.  This  traumatic  i>erios- 
titiif  is  found  most  frequently  at  the  margin  of  tho  orbit,  because  this 
is  tho  part  moat  exposed  to  injuries.  2.  Dyscrusite,  particularly  Bcrof- 
ula  (tubereidosis)  and  syphilis.  These  periostitides  arc  likewise  local- 
ized moro  frequently  at  the  margin  than  in  the  depth  of  the  orbit,  be- 
cause in  this  case,  too,  injuries  ]ilay  a  part  as  exciting  causes.  Injuries 
of  a  comparatively  trifling  nature,  such  as  bumps  or  falls  upon  the  or- 
biüd  margin,  which  iji  healthy  persons  would  remain  without  further 
ill  result,  may  in  people  affected  with  dyscrasiaj  start  np  protracted 
specific  intlamnmtion.  Scrofulous  (tuberculous)  periostitis  occurs  chief- 
ly in  children  and  principally  affects  the  superior  external  and  inferior 
external  margins  of  the  orbit,  which  are  the  parts  most  exj)osed  to 
kn(K.'ks;  it  leads,  as  a  rule,  to  caries.  Syphilitic  periostitis,  on  the  con- 
trary, is  ordinarily  met  with  in  adults  and  only  exceptionally  in  chil- 
dren (those  with  hereditary  syphilis).     It  belongs  to  the  third  (gum- 
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matous)  Ginge  of  .sypliilis,  und  for  the  most  part  appears  as  a  chronic 
affection  under  the  form  of  periostetvl  thickening,  more  rarely  as  an 
acute  affection  with  Bupjjuratiou  following  it. 

Treatinrnt  must,  more  than  anything  else,  have  regard  to  the  etio- 
logical factor.  In  this  respect  the  best  results  are  obtained  in  syphilitic 
periostitis,  which  usually  subsides  rapidly  under  a  promptly  initiated 
treatment  with  mercury  and  iodide  of  potassium.  As  local  treatment 
moist  wann  compresses  are  applied,  which  in  the  beginning  favor  reso- 
hition,  but  in  the  later  stages  accelerate  the  softening  of  the  abscess 
that  is  in  process  of  development.  As  soon  as  there  are  signs  that  sup- 
punition  has  taken  place,  there  should  be  no  delay  about  making  the 
incision,  in  order  that  the  pus  which  has  accumulated  beneath  the 
periosteum  may  not  detach  the  latter  still  more  extensively  from  the 
bone.  Particularly  in  the  case  of  deep-seated  periosteal  abscesses  is 
early  incision  indicated,  even  though  no  fluctuation  is  yet  perceptible, 
in  order  to  prevent  the  transfer  of  the  suppuration  to  the  braiji.  After 
the  abscess  has  been  opened,  a  drainage-tube  or  a  strip  of  iodoform 
gauze  is  placed  in  the  wound,  so  as  to  keep  it  open  for  the  exit  of  the 
pus.  If  caries  or  necrosis  succeeds  periostitis,  they  are  to  be  treated 
according  to  the  genera!  rules  of  surgery.  Ectropion  or  lagophthal- 
mns,  which  may  develop  subsequently,  likewise  calls  for  relief  by 
operation.  This  relief  must  be  given  without  delay  when  the  cornea 
is  in  danger  from  being  insufficiently  covered ;  otherwise  it  is  better 
to  put  off  operative  interference  until  the  process  in  the  bone  has 
entirely  healed,  as  otherwise  the  success  of  the  operation  upon  the  lids 
might  be  again  jeopardized  by  the  renewed  formation  of  abscesses  and 
Qstulx. 

{h)  lußammation  of  the  Cellular  Tissue  of  the  Orbit, 

132.  Inflammation  of  the  cellnlar  tissue  of  the  orbit,  terminating  in 
suppuration,  is  called  phlegmon  of  the  orbit  or  retrobulbar  phlegmon 
(or  abscess).  It  makes  itself  apparent  by  marked  cedemu  of  the  lids 
and  the  conjunctiva  (Chemosis),  The  eyeball  is  protruded,  and  hence 
suffers  impairment  of  its  mobility;  vision  is  reduced  or  even  quite 
ubolished.  At  the  same  time  there  are  violent  pain,  fever,  and  not 
infrequently  cerebral  symptoms  snch  as  headache,  vomiting,  mental 
hebetude,  retardation  of  the  pulse,  etc.  When  the  symptoms  have 
reached  their  acme,  the  skin  of  the  lids  at  a  certain  spot  grows  red, 
then  shows  a  yellow  discoloration,  and  finally  is  perforated  by  a  dis- 
charge of  pns.  After  the  evacuation  of  the  pus,  which  is  present  in 
large  quantity,  the  iuflamrantory  symptoms  in  most  cases  rapidly  abate 
and  the  opening  soon  heals  again.  The  sight  may  suffer  permanent 
diminution  or  bo  altogether  annihilated,  if  the  optic  nerve  is  impli- 
cated; for  inflammation  of  the  optic  nerve  or  thrombosis  of  its  vessels 
may  develop,  succeeded  by  atrophy  of  the  nerve.     Detachment  of  the 
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retina  and  eve u  suppuration  of  the  eyeball  (panophthalmitis)  also  occa- 
Bionally  occur  in  retrobulbar  phlegmon.  If  the  suppuration  ia  carried 
over  from  the  orbit  to  the  cranial  cavity,  it  leads  to  a  fatal  issue  through 
purulent  meningitis  or  abscess  of  the  brain. 

Retrobulbar  phlegmon  may  originate  from  the  following  rausc« : 
1.  Injuries,  when  the  body  causing  the  traumatism  enters  the  orbit 
and  carries  infoctious  germs  into  its  tissues.  Those  injuries  in  which 
a.  foreign  body  is  left  in  the  orbit  are  particularly  dangerous.  Opera- 
tions, too,  such  as  enucleation,  may  give  rise  to  suppuration  in  the  or- 
bit if  not  performed  asoptieally.  2.  Transfer  of  inflammation  from  the 
wall  of  the  orbit  or  parts  in  the  vicinity  of  the  latter  to  the  cellular  tis- 
sue. This  is  the  case  in  periostitis  of  the  wall  or  of  the  adjacent  bonee, 
in  empyema  of  the  adjoining  ca\'itie8  when  this  ruptures  in  the  direc- 
tion of  the  orlvit,  and  finally  in  purulent  tlirombosis  of  the  cavernous 
sinus,  when  the  thrombotic  pnx'css  is  carried  from  the  latter  over  into 
the  orbital  veins.  3.  Erysipelas;  the  inflammation  being  transmitted 
from  the  skin  to  the  deeper  parts.  4.  Metastases  in  pya>roia,  typhus, 
scarlet  fever,  small-pox,  purulent  meningitis,  etc.  5.  In  a  number  of 
cases  for  which  no  other  cause  for  its  development  has  been  discover- 
able, a  cold  has  been  accused  of  being  the  cause  of  retrobulbar  phleg- 
mon. In  many  of  these  cases  there  has  probably  been  a  preceding  attack 
of  erysipeliks  wliich  has  been  very  slight,  and  therefore  has  been  over- 
looked (Leber). 

A  retrobulbar  abscess  requires  to  be  opened  as  early  as  possible  in 
order  to  prevent  the  suppuration  from  spreading  to  the  brain.  We  in- 
troduce a  sharp-pointed  scalpel  at  the  spot  where  we  suppose  the  abscess 
to  be,  and  do  not  hesitate  to  plunge  it  deep  in.  The  situation  of  the 
abscess  is  inferred  from  the  way  in  which  tlie  eyeball  is  displaced.  If, 
for  instance,  the  latter  is  pushed  forward  and  downward,  the  abscess 
is  to  be  sought  for  in  the  upjK>r  part  of  the  orbit.  Even  when  we  do 
not  succeed  in  getting  out  any  pus  by  our  incision,  because  no  ab8ce«s- 
cavity  of  any  size  has  yet  formed,  yet  the  relief  of  tension  in  the  tissues 
produoed  by  the  incision  and  the  profuse  bleeding  exert  a  favorable 
effect. 

Chronic  prriostitU,  particularly  vihon  of  syphilitic  orij^in,  may  set  up  a  gradu- 
nlly  increasing  thickening  of  the  bones  of  the  orbit,  by  which  the  cavity  of  the 
latter  ia  rendered  progressively  smaller.  The  consequence  of  this  is  exophthol- 
mus  and  aho  compression  of  the  ner%'es  which  enter  the  orbit,  so  that  neural;;iu! 
and  paralyses  are  pnMluced,  This  complex  of  symptoms  is  similar  to  that 
which  is  obH^rved  in  kontiaaU  ottra,  Tlii.s  consists  in  a  gradually  increasing 
thickcniDg  of  the  bones  of  the  whole  face,  a  process  in  which  the  bones  of  the 
orbit  partici^mtc,  so  that  in  this  case,  too,  the  symptoms  of  contraction  of  tb« 
orbit  with  simultiineous  thickening  of  its  walls  are  produced. 

Symptoms  similar  to  those  which  present  themselves  in  the  beginning  of  « 
retrobulbar  phlegmon  accompany  thromJ/oau  of  the  encernous  tinu».  The  Hda 
and  the  conjunctiva  swell  up  nitb  cedema,  and  the  eyeball  is  protruded  and  be- 
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COiaeA  hard  to  move.  The  veins  of  the  relinn  are  seen,  upon  ophthalmoscopic 
cxntninntion,  to  be  distended  euormously  with  blood.  At  the  same  time  there 
is  a  doughy  oedema  in  the  mii^toid  region.  These  sympioms  arc  refcruhle  to  tlie 
fact  that  the  veins  of  the  orbit  discharge  the  greater  jmrt  of  their  blood  through 
the  ophthalmic  veins  into  the  oavernoua  sinus;  if  the  latter  is  occluded,  an  ex- 
treme degree  of  veuous  stasis  in  the  orbit  necessarily  take«  fdace  and  leads  to 
protrusion  of  the  eyeball  and  a!«o  to  venous  hv{>er»«mia  of  the  retina.  The 
oedema  uf  the  mastoid  region  depends  upon  the  fact  thut  in  this  region  an 
emissary  vein  of  Santorini  (the  emi.ss.'irium  mastoideum)  emptic«  into  tlie  trans- 
verse  sinus  and  thus  indirectly  into  the  cavernous  Kinua,  so  that  when  there  is 
occlufiiou  of  the  latter  this  region  alrto  shaR's  in  the  venous  stasis.  When  this 
tpdeuia  is  present  (which,  to  be  sure,  i»  not  uhvuya  the  case),  it  forms  an  im- 
portant diagno.stic  sign  between  tlirombosin  of  the  sinus  and  retrobulbar  jihleg- 
uion,  in  which  latter  it  is  absent.  A  further  jtoint  of  diflerence  lies  in  tite  fact 
that  thrombosis  of  the  sinua  frequently  pussea  over  to  the  other  tjide,  so  that  the 
same  complex  of  symptoms  develops  there  also,  while,  on  the  contrary,  a  bi- 
lateral orbital  phlegmon  would  be  one  of  the  greatest  rarities.  Finally,  throm- 
boaia  of  the  sinuü  is  associated  with  very  severe  cerebral  symptoms*,  iBtcrruptcd 
at  last  by  the  onset  of  the  fatal  issue. 

In  occhiHiion  of  the  .sinu.s  what  we  arc  dealing  with  is  cither  a  »imple  throm- 
bosis produced  by  maraijmu.s  or  a  thrombosis  due  to  infection.  Tlic  latter  usu- 
ally originates  from  a  focus  of  pus  situated  in  the  vieinit}- — e.  g.,  from  n  plileg- 
mon  of  the  orbit,  which  gives  rise  to  a  thrombotic  process  in  the  superior  or 
inferior  ophthalmic  vein  which  is  then  carried  over  into  the  cavernous  sinus. 
Thrombosis  of  the  sinus  most  frequently  originates  in  a  caries  of  the  petrous 
bone,  the  thrombosis  extending  from  the  sinus  of  the  latter  [the  petrosal  sinus] 
to  the  cavernous  sinus.  Suppurative  processes  starting  from  the  teeth  also  may 
lend  to  thrombosis  of  the  »inns.  Finally,  thrombosis  of  the  sinus  may  be  set  up 
metast&tically  in  infectious  diseases,  such  as  erysipelas,  scarlet  fever,  etc. 


Tesositib. — Tenon's  capsule  may  be  implicated  in  inflammations  of  the 
eyeball,  so  that  an  exudate  accumulates  in  Tenon's  lymph-space  Jind  the  eyeball 
is  thus  pushed  forward.  Hence  a  slight  degree  of  exophtlialmus  is  sometimes 
found  in  severe  cases  of  irido-cycHtis  (particularly  after  injuries).  This  is  quite 
regularly  the  case  and  to  a  much  higher  degree  in  panophthalmitis,  in  wliich 
cxophthiilmus  is  one  of  the  most  constant  and  striking  syra[)toms.  If  we  enu- 
cleate the  eyeball  at  tbLs  stage  of  the  discjiac,  we  can  convince  our.'selves  that  the 
exudate  is  til>rinous  and  but  very  rarely  piurulent.  Afterward  the  exudate  be- 
comes organized  and  leads  to  extensive  adhesions  Itetween  Tenon's  ca])sute  and 
the  eyeball — a  fact  of  which  we  can  likewise  convince  ourselves  if  an  enucleo- 
tion  is  pi-rformed  in  this  later  stage.  Exudation  into  Tenon's  space  also  occurs 
after  it  has  been  laid  o[)en  by  injuries,  and  particularly  after  squint  operations, 
when  infection  of  the  wound  has  taken  place  from  dirty  instruments. 

There  is  also  a  primary  »erou«  UnonitU,  The  symptoms  of  this  rare  disease 
can  be  lK>st  gathered  from  the  description  of  the  following  case  which  I  myself 
observed:  It  concerned  a  woman  of  fifty-eight  years  of  age,  otherwise  healthy, 
in  whom  the  disca.se  liad  begun,  without  known  cause,  six  days  l)cfore  she  came 
under  my  observation.     I  found  the  skin  in  the  vicinity  of  the  lids,  and  stUI 
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more  the  lids  thanselves,  very  swollen  and  cedematous,  so  that  the  eyca  could 
be  opened  to  only  a  very  small  extent  indeed  by  »pontaneous  effort.  Wlirn  I 
drew  the  lids  apart  I  found  the  eyes  prominent  and  almost  immovable.  The 
conjunctiva  of  the  lids  was  but  moderately,  that  of  the  eyeball,  on  the  other 
hand,  quit«  markedly,  injected,  and  the  latter  was  bo  greatly  swollen  as  to 
form  a  thick  protuberance  projecting  from  all  sides  over  the  cornea.  The 
aecretion  was  not  increased.  The  cornea  and  also  the  di'cp  portioo  of  the  aye 
were  healthy,  and  vision  was  normal,  except  that  there  was  diplopia  due  to  the 
impaired  mobility  of  thecye^.  The  di^^ease  was  associated  with  mudemte  pain, 
and  particularly  with  a  sense  of  pressure  and  tension  of  the  eyes.  The  treat- 
ment consisted  in  the  administration  of  an  infusion  of  jalnirandi,  in  order  to 
produce  rapid  absorption  of  the  exudate  by  means  of  profuse  diaphoresif*.  Un- 
der this  treatment  the  oedema  and  the  protrusion  of  the  eyes  gradually  went 
down,  so  that  when  the  patient  four  weeks  later  was  discharged  from  the  clinic, 
the  condition  of  the  eye»  had  become  once  more  perfectly  normaL 

The  disease  described,  as  far  as  its  nature  is  concerned,  consists  in  all  proba- 
bility in  a  serous  exudation  into  Tenon's  space.  Its  causes  are  obscure ;  iu  some 
cases  it  has  been  supposed  that  a  cold  could  be  made  accountable  for  it.  Some 
cases  (among  them  one  case  of  primnry  purulent  tenonitis)  were  observed  in  the 
last  epidemic  of  influenza.  The  disease  tends  to  relapee,  but  leaves  no  perma- 
nent bad  results  behind. 

II.   Ix JURIES. 

133.  Injuries  of  the  orbit  affect  either  the  soft  parts  alone  or  tho 
bones  as  well.  Injuries  of  the  soff  parts  originate,  as  a  rule,  from  the 
penetration  of  a  foreign  body  into  the  orbit,  the  lids  and  the  eyeball 
being,  of  course,  very  frequently  itnplicated  at  the  samo  time.  Tho 
ilirect  consequence  of  the  injury  is  an  extravasation  of  blood  into  the 
tissue  of  the  orbit.  If  this  is  considerable  it  causes  exophthalmus,  and 
also,  since  the  blood  oozes  slowly  forward,  it  comes  into  view  beneath  the 
conjunctiva  and  the  lids  under  the  form  of  an  ecchjTuosis.  Paralysis 
of  tlie  ocular  muscles,  too,  may  be  produced  by  the  injury,  and  so  also 
may  lesions  of  the  optic  nerve,  the  latter  entailing  as  their  direct  result 
partial  or  complete  bluKlness.  It  also  happens  sometimes  that  the  eye- 
ball is  driven  out  of  the  orbit  by  the  foreign  body  which  has  penetrated 
into  the  hitter,  and  is  thus  found  lying  in  front  of  tho  lids  {luzafio 
bnthi  tntumnlica).  This  is  most  of  all  possible  when  the  body  that 
cause«  the  injury  enters  from  the  outer  side,  since  here  the  wall  of  the 
orbit  recedes  tho  farthest — about  as  far  back,  in  fact,  as  the  plane  of 
tliu  equator  of  tho  eyeball.  There  are  parts  of  the  world  where  such 
injuries  aro  purposely  inflicted  in  brawls,  the  eye  being  pried  out  «f 
iu  «ockeL  by  the  thumb,  which  is  thrust  into  the  orbit  from  the  outer 
side.  Insane  patients  have  sometimes  enucleated  one  or  both  of  their 
own  oyoa  iu  this  way.  Ordinarily  the  luxated  eyeball  is  lost,  but  cases 
tirn  known  in  which  after  reposition  the  eye  healed  again  in  its  place 
anil  rptaino<l  ita  visual  power. 

Injuries  of  the  hone  are  moat  frequently  produced  by  the  action  of 
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a  coutushig  force  (e.  g.,  by  a  blow  or  a  fall)  upon  the  margin  of  the 
orbit.  They  are  easy  to  diagnosticate  when  they  aflfcct  tlie  margin  of 
the  orbit  itself.  The  site  of  a  fracture  in  this  kteaüty  is  recognized  by 
the  unevenness,  the  sensitiveness  to  pressure,  and  in  extreme  cases  by 
the  crepitation.  When  in  consequence  of  the  fracture  the  orbit  is 
made  to  communicate  with  the  neighboring  cavities,  emphysema  may 
develop  both  in  the  lids  (see  page  50.3)  and  in  the  orbit  itself.  Em- 
physema of  the  latter  kind,  like  estravasations  of  blood  into  the  orbit, 
manifests  its  presence  by  cxoplithnlmus.  But  there  is  this  point  of 
distinction  from  extravasation,  that  in  emphysema  the  jirotruded  eye 
can  be  pushed  back  into  the  orbit  again  with  the  finger,  since  the  air 
is  displaced  by  the  pressure.  On  the  other  hand,  the  exopiithalmus  is 
increased  by  straining  during  the  act  of  coughing,  blowing  the  nose, 
etc.,  owing  to  the  fact  that  fresh  supplies  of  air  arc  forced  into  the  orbit. 

The  injury  may,  if  iw  important  organs  have  been  destroyed,  heal 
after  the  resorption  of  the  extravasatod  blood  and  leave  the  parts  as 
well  ui  before.  In  other  csises  disturbances  of  motility  of  the  eyeball 
remain,  owing  to  its  adhesion  to  the  neighboring  structures,  or  as  a 
result  of  paralysis  of  the  ocular  muscles.  Moreover,  if  the  optic  nerve 
has  been  injured,  permanent  blindness  of  the  eye  may  ensue.  Still 
worse  are  the  cases  in  which  tlie  injury  results  in  a  phlegmon  of  the 
orbit,  in  which  case  it  may  even  end  fatally. 

Trentmexi  in  the  case  of  a  recent  injury  consists,  in  the  first  place, 
in  careful  cleansing  and  disinfection  of  the  wound.  If  we  suspect  the 
existence  of  a  foreign  botly  in  the  orl>it  we  endeavor  to  extract  it;  but 
fortngn  bodies,  such  as  grains  of  jrowder,  etc.,  which  arc  known  to  have 
the  power  of  becoming  incorporate«!  in  the  tissues,  may  bo  left  in  the 
orbit.  After  taking  care  that  any  secretions  that  form  in  the  wound 
shall  have  free  exit  (by  the  introduction  of  a  drainage-tube  or  of  a 
strip  of  iodoform  gauze),  we  ap|>ly  au  antisejitic  dressing.  If  tliere  is 
an  excessive  degree  of  exophthalnius,  a  pressure-bandage  contributes  to 
the  rapid  absorption  of  the  blood  or  (in  the  case  of  emphysema)  of  the 
air.  As  soon  as  the  symptoms  of  deep  suppuration  have  set  in,  wo 
must  proceed  aa  in  the  case  of  a  retrobulbar  phlegmon. 

Dcpp  Tractures  of  the  orbit  without  fracture  in  tlio  inargiu  may  be  produced 
hv  deeply  jK'Detrating  foreign  bodies,  but  may  uttw  be  caui-eU  apart  fruui  ihuec 
mid  inriliri'Ctly  (by  contrecoup).  This  is  tlie  cast-,  fur  exumplL-,  after  a  fall  upon 
tl>e  head,  tlic  dropping  of  n  heavy  weight  upon  it,  rtc.  Such  fracturcB  when 
deojily  situated  can  only  be  suspected  from  the  fact  thut  tluy  arc  aceumpatiitii 
by  orbital  hroniorrhage,  which  iUBnifcsta  itself  by  a  suddenly  develojiing  e.xoph- 
thnlmns  and  the  api»ennince  later  on  of  erchymcsis  of  the  conjunctiva  and  Ihr 
lids.  A  further  diagnostic  point  would  t>e  supplied  if  directly  after  the  injury 
partial  or  total  hlindne.ss  were  determined  to  exist  along  with  a  normal  appear- 
ance of  the  eyeball.  Tlib  condition  would  necessarily  he  referred  to  an  injury 
of  the  opdc  nerve  in  the  canulia  opticus,  into  the  wall  of  which  Uic  fracture  cx- 
(Höldcr  und  Berlin ;  ace  page  444).     Similar  aymptoms  also  at  times  oc- 
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actMetofthehHeaf  dKiinil,csaept  tlMtiatlwcMctbe  exoph. 
■«■ting  nd  tlK  eechjMOMB  of  the  eomjmmedn  and  lid«  set«  in  «till 
fke  Uood  tako  a  iomgtx  tiae  to  pfosh  its  iray  so  far  forward. 

i  ioto  the  oiliit  aic  of  extroBelj  rare  occarrenoe, , 
as  a  comeqneaee  of  whoofüag-oaßag^  or  ia  penotts  crbo  in  geoer 
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or  THE  Ete. — It  may  be  of  »errice  to  the  general  practitioner 
to  ^tn  a  brieC^  ooaiprebeasive  presentation  of  all  the  consequeooes  which  cod- 
tasMM  of  the  eye  or  of  the  adjoining  parts  may  entail.  The  physician  befo 
wbon  a  case  of  this  kind  comas  will  deduce  from  this  sommary  the  cli 
that  nay  poasibly  be  preaent.  He  will  then  look  for  these  changes,  and  thti 
f— fi«P«  will  arrire  at  the  discorery  of  ledons  of  this  sort  which  otberwii 
miglbt  have  csc^>ed  him  because  they  are  not  Tery  conspicuous.  The 
podaced  by  eontosioD  are: 

In  the  lid»,  eochymoses,  emphysema,  solutions  of  continuity. 

In  the  margin  of  th«  orhU,  fractures  with  or  without  dislocation  of  the 
fragineots. 

In  the  lofotian  of  the  eydnll,  exophthabnos  which  may  be  caused  by  tho 
fflBskm  of  blood  or  air  (emphysema^  into  the  retrobulbar  tissue  orb;  the  formar'^ 
tioD  of  an  arterio-vcnous  aneurism  due  to  rupture  of  the  carotid  into  the  cav 
emoiu  sinus  (page  5B4). 

The  tauio»  of  the  eyeball  is  greatly  reduced  when  a  perforation  of  the 
tunics  of  the  eye  has  taken  place.  But  the  tension  niuy  be  found  to  be  tem- 
poiarily  diminished  eren  apart  from  any  gross  matcriHl  lesion,  this  altvmtion 
being  then  due  to  a  decrease  in  the  fluids  of  the  ej-e  and  particularly  of  the 
vitreous  (Leplat),  which  again  must  be  regarded  as  a  consequence  of  a  disturlv 
ance  of  nutrition  dependent  upon  nervous  influence. 

In  the  eonjundita,  ccchymoses,  lacerations  (with  or  without  coincident 
scleral  rupture). 

In  the  cornea,  epithelial  desquamntion,  nnd,  later  on,  the  varieties  of  paren- 
chymatous infliunmation ;  rarely  purulent  processes  or  rupture  of  the  cornea. 

In  the  aqueotu  chnmler  and  the  cUreom,  effusion  of  blood  (liyphsma,  htcm- 
ophtliahuus). 

In  the  irw,  iridodialysis  partial  or  complete  (aniridia  troumoiica). 
bccrations,  recession  of  the  iris,  likewise  paralysis  of  the  iris  (mydriasis)  with 
or  without  paralysis  of  accommodation. 

In  the  /«"w,  astigm.itism,  subluxation,  and  luxation  due  to  partial  or  com- 
plete laceration  of  the  zonula,  likewise  the  formation  of  cataract. 

In  the  W<Tfi,  rupture  in  the  anterior  di^'ision,  attended  in  well-marked  < 
with  prolapse  of  the  uvea,  the  lens,  or  the  vitreous. 

In  the  chorioiil  and  retina,  extravasution»  of  bio; 
the  retina  alone,  cloudiness  (coroiuotio  retinie). 

In  the  optic  nerve,  compression  by  effusion  of  blood,  and  contusion  or  nipt« 
ure  by  fracture  taking  place  in  the  optic  canal. 


blood,  detachment,  rupture ;  in 
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III.   Basedow's  Disease. 

134.  Biisedow's  disease  belongs  to  the  domain  of  internal  medicine, 
and  hence  can  only  be  considered  here  in  so  far  as  exop/iihalmus  be- 
longs among  ita  most  imjwrtant  symptoms.  This  exophthalnuis  ia 
bilateral ;  the  eyes  are  pushcil  straight  forward,  sometinies  but  little, 
sometimes  to  sucli  n  great  extent  that  they  can  not  any  longer  be  per- 
fectly covered  by  the  lids.  Even  when  the  cxophthalmus  is  great,  there 
is  little  or  no  limitation  of  mobility  of  the  eye.  It  is  obvious  that 
when  the  esophthalintis  i,s  cuusidorable,  it  becomeö  noticeable  at  the  first 
glance  ;  but  even  when  the  protrusion  is  slight  the  peculiar  appear- 
ance of  the  eyes  strikes  one  at  once.  This  appearance  is  caused  by  tho 
fact  tlud  the  upper  lids  are  raised  inuisuully  high.  Tho  eyes  look 
a3  if  forced  wide  open,  and  give  the  patient  an  expression  of  astonish- 
ment or  of  fear,  When  tho  eyes  are  depressed,  the  upper  lids  do  not 
descend  in  proportion  with  the  eyeball,  but  remain  elevated,  so  tliat  a 
broad  portion  of  the  sclera  iis  visible  above  the  cornea  (Von  Graefe'a 
symptom).  Winking  takes  place  less  frcrjuently,  and  hence  desiccation 
of  the  deficiently  covered  cornea  is  favored  (StcUwag's  symptom).  Tho 
eyeball  itself,  as  long  as  tho  cornea  has  not  yet  suffered  harm,  is  normal 
and  the  visual  power  is  good. 

The  two  other  main  symptoms  of  Basedow's  disease  are  the  swelling 
of  the  thyroid  gland  aTid  the  acceleration  of  the  heart's  action  {tachy- 
cardia). The  former  is  distinguished  from  ordinary  goitre  by  the  fact 
that  when  the  hand  is  placed  upon  the  thyroid  gland  it  feels  the  strong 
movement  of  pulsation  in  the  arterial  vessels,  which  is  communicated 
to  the  entire  gland.  So  also  the  carotids  are  found  to  be  dilated  and 
strongly  pulsating.  The  intensity  of  the  heart-beat  is  increased,  the 
freipiency  of  tho  pulse  is  regularly  over  a  hundred.  The  slightest 
bodily  exertion  or  mental  excitement  at  once  increases  the  frequency 
of  the  pulse  very  considerably.  The  physical  examination  of  the  heart, 
apart  from  the  enlargement  of  the  left  heart,  gives  a  normal  result. 
The  genei-al  state  of  tho  patients  is  disonlercd  to  this  extent  that  they 
are  for  the  most  part  very  excitable,  and  suffer  from  tho  symptoms  of 
anajniia  or  chlorosis,  Not  infrequently  rapid  emaciation  is  present, 
even  when  the  appetite  remains  good. 

Tho  disease  principally  attacks  women,  beginning  at  the  time  of 
puberty  and  extending  i^ip  to  the  appearance  of  tho  menopause.  Älen 
suffer  from  it  more  rarely.  The  most  frequent  cause  of  tlie  disease  ia 
(in  women)  seated  in  affections  of  the  genital  organs.  In  addition, 
mental  excitement,  gi-eat  friglit,  anxiety,  etc.,  give  rise  to  an  outbreak 
of  the  disease. 

Basedow's  disease  generally  develops  quite  gradually.  Palpitation 
usually  sets  in  first,  and  with  this  is  afterward  associated  the  thyroid 
dilatation,  and,  last  of  all,  the  exophthalmus.     As  a  general  thing  it 
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takes  montlis  or  even  jeara  before  all  tho  eymptoms  of  the  discaso  are 
diiätinctly  marked.  Then  ifc  usually  remains  at  the  same  point  for 
years,  after  which  it  subsides  agaiu  very  gradually  and  not  without  leav- 
ing a  tendency  to  subsequent  recurrences.  Id  many  cases,  however, 
tho  disease  does  not  get  well,  but  remains  until  the  patient's  death,  nay, 
more,  it  may  even — by  the  exhaustion  or  the  complications  which  it 
produces — be  itself  the  cause  of  death.  As  a  general  thing  the  discBse 
runs  a  severer  course  in  men  and  in  elderly  people  than  in  womon  and 
in  younger  persons.  Basedow's  disease  is  a  source  of  danger  to  the 
eyes  from  the  fact  that  when  the  exophthalmus  is  of  a  pretty  high  de- 
gree closure  of  the  lids  is  imperfectly  pcrfürnied  and  keratitis  e  lugoph- 
thalmo  develops.  In  this  way  blindness  of  one  or  even  of  both  eyes 
may  be  proiluccd. 

Treatment,  unfortunately,  haa  little  power  over  Basedow's  disease. 
The  anemia  h  counteracted  by  means  of  strengthening  diet  and  also 
by  meaus  of  iron,  quinine,  or  arsenic.  Wo  attack  the  tachycardia  with 
digitalis,  while  for  the  general  nervous  symjitoms  potassium  bromide 
and  the  cold-water  treatment  have  been  pressed  into  service.  What 
usually  does  the  most  good  is  the  long-continued  employment  of  the  con- 
stant current  applied  to  the  cervical  sympathetic.  Tho  exophthalmus 
l)er  se  requires  Vreatuient  only  when  it  leads  to  imperfect  closure  of  the 
lids  and  thus  endangers  the  cornea.  In  this  case  we  must,  by  bandag- 
ing the  eyes  at  night-time,  provide  for  their  being  covered  during  sleep. 
If  tho  bandage  turns  out  to  be  insuflicient,  wo  must  undertake  tarsor- 
rhaphy, by  which  the  palpebral  fissure  is  permanently  closed  in  its 
outer  portion.  We  may  also,  when  tho  tension  of  the  protruded,  lid« 
is  very  considerable,  close  the  inner  part  of  the  palpebral  fissure  by 
sutures  applied  temporarily — i.  e.,  without  refreshing  tho  borders  of  tho 
lids. 


Basedow's  disease  wc5  first  described  as  a  special  form  of  disease  by  English 
physicians,  and  particularly  by  Parry  and  afterword  by  Graves,  and  hence  it  in 
even  now  called  Graves's  disease  by  the  English.  These  authors,  however,  ha«] 
not  recognized  tlie  cxoplitbalmus  as  being  one  of  the  esacntial  »ymptoms  of  the 
disease ;  this  wa«  first  done  by  Basedow,  who  in  1840  did  the  pioneer  work  in 
demonstrating  the  whole  triad  of  symptoms  of  the  disease. 

In  marked  cases  no  disea.'M:  is  cisier  to  diagnosticate  than  this;  even  from  i 
distance  wc  can  tell  what  the  imtient's  trouble  is.  But,  on  the  other  hand,  therr 
are  numerous  cases  m  wliicb  some  of  the  symptoms  arc  less  pronounced  or  are 
even  wanting  altogether,  so  that  the  diagnosis  becomes  diffieult.  If  in  this  con- 
nection wc  take  only  the  cxophth.ilmus  into  account,  wc  find  that  it  may  be 
slight,  absent  altogether,  or  coudacd  to  one  eye.  When  cxophthalmua  is  al>- 
sent,  Von  Graefc's  symptom  is  still  sometimes  present,  so  that  this  is  not  to  bo 
regarded  simply  as  the  eonsequence  of  the  exophthalmus;  but  this  symptom  is 
not  constant  either,  and  in  the  same  case  ouiy  be  sometimes  present,  sometimoi 
wanting. 

Precisely  aa  the  separate  symptoos  of  Bascdow^s  disease  may  show  great 
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voriutions  with  regard  to  the  dtgrcc  of  their  development,  £o  also  may  the 
character  which  the  course  of  the  disease  assumes  vary  exceedingly.  Although 
as  a  general  thing  the  course  is  verj'  chronic,  yet  cases  arc  known  in  which  the 
di.sea.sc  h.'is  been  very  acute  in  its  onset.  Trousseau  gives  an  account  of  a 
woman  in  whom  thu  symptoms  of  the  di<icase  had  developed  in  tlic  course  of  a 
single  night,  which  she  had  .'spent  in  tears,  lametifing  tiie  death  of  Iicr  father. 
The  subsequent  progresa  of  the  disease,  too,  may  be  »o  speedy  that  within  u 
few  week.s  it  leads  to  recovery  or  to  death. 

The  essential  nature  of  Basedow's  disease  is  nt  present  obscure,  since  mojt 
autopsies  give  negative  residts.  In  consideration  of  the  symptoms  of  the  dis- 
ca«tc,  and  especially  in  consideration  of  the  absence  of  demonstrable  anatomical 
lesions,  it  must  he  assumed  that  a  disturbance  of  innervation  lies  at  the  root  of 
the  diseaso.  Aa  faraa  the  eye  is  concerned,  the  syra|mthetic  is  the  part  whoeo 
function  appears  to  be  disturbed.  In  consequence  of  this  wc  find  a  dilatation 
of  the  vessels  in  the  district  sup|)licd  by  the  carotids — a  dilatation  which  is 
manifest  even  to  external  obsen'alion  in  the  pulsation  of  the  carotids.  It  is  on 
account  of  this  distention  of  the  arterial  vessels  in  the  thyroid  gland  and  (he 
orbit  tlijit  the  thyroid  dilatation  aud  the  exophthalmus  develop,  and  lx)t!i  con- 
ditions therefore  disappear  at  death.  Yon  Graefe's  symptom,  too,  mu.''t  be  re- 
ferred to  a  disturbance  of  innervation  on  the  part  of  the  sympathetic,  which 
supplies  the  organic  levator  of  the  lid  (musculus  p.ilpcbralis  superior) ;  and,  as  a 
matter  of  f:ict,  changes  have  been  found  in  the  cervical  portion  of  the  sympa- 
thetic in  some  autopsies,  but  in  other  autopsies  they  have  not  been  found.  In 
the  latter  class  of  cases  the  focus  of  disease  must  be  conjectured  to  be  in  the 
central  nervous  system  itself — that  is,  iu  the  medulla  oblongata  or  in  the  cer- 
vical part  of  the  cord. 


IV.  Tumors  of  the  Okbit. 

135.  Tumors  of  tlio  orbit — in  the  widest  sense  of  the  wonl — huve  in 
common  one  very  importuut  symptom,  namely,  exophthalmus.  To  de- 
termine the  site  of  the  tumor,  attention  must  be  paid  to  the  nature  of 
the  protrusion :  whether  the  latter  is  directed  straight  forward,  or 
whether  there  is  at  the  samo  time  a  lateral  displacement  of  the  eyeball. 
With  the  sumo  object  in  view  wo  tost  the  mobility  of  the  eye  in  all 
directions.  Then  wc  try  to  palpate  tlio  tumor  itself,  so  as  to  be  able  to 
give  an  account  of  its  size,  form,  consistency,  mobility,  etc.  If  the 
tumor  lies  deep  in  the  orbit,  wo  endeavor  to  penetrate  with  the  litllo 
finger  as  deeply  as  possible  between  the  margin  of  the  orbit  and  the 
eyeball  (under  narcosis,  if  necessary),  so  as  to  get  at  the  tumor.  Fi- 
nally the  examination  should  be  completed  by  the  determination  of  the 
risual  acuity  and  of  the  results  afforded  by  ophthalmoscopic  exumina- 
iion,  by  which  wc  ascertain  whether  and  in  what  way  the  optic  nerve 
has  suffered  injury  from  the  tumor. 

(«)  Cf/sis. — The  most  frequent  of  these  are  the  dermoid  cysts,  which 
are  congenital,  but  which  often  develop  to  a  mnro  considerable  si',:o 
after  birth.  They  lie  in  the  anterior  part  of  the  orbit,  and  there  nsually 
in  its  upper  and  outer  or  its  upper  and  inner  angle.     On  account  of 
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their  superficial  situation  they  do  not  displace  the  eyeball,  bat  push  for« 
ward  the  akin  of  the  lids,  throogh  which  thej  can  readUy  be  felt  as 
nmnd  morable  tumors  of  the  size  of  a  besn  or  walnuL  Upon  extirpat- 
ing them  one  can  cooTince  himself  that  thej  are,  as  a  general  thing, 
unilocuhir  cysts  with  paltaoeous  or  sebiform  contents ;  sometimes  pro- 
ocsaea  from  them  extend  pretty  deep  into  the  orbit,  and  thus  render 
their  complete  removal  difficult.  The  only  barm  that  the  dermoid 
cysts  produce  is  the  disfigurement  caused  by  them,  and  this,  moreover, 
is  the  only  reason  for  the  rather  frequent  attempts  that  are  made  to 
extirpate  them.  In  doing  this,  we  must  go  to  work  very  carefully  to 
dissect  out  the  cysts,  as  far  as  may  be,  unopened.  If  the  wall  of  the 
cyst,  which  often  is  thin,  breaks  prematurely,  a  part  of  it  may  easily  be 
loft  behind  and  give  rise  to  recurrences. 

(b)  Vascular  Tumor». — Belonging  to  vascular  tumors,  in  the  widest 
sense  of  the  word,  are  vascular  dilatations  (aneurisms)  and  new  growths 
consisting  of  vessels  (angiomata).  Both  the  one  and  the  other  occur, 
although  rarely,  in  the  orbit.  Among  the  angiomata  we  here  meet 
with  are  the  two  forms  that  also  occur  in  the  lids  (the  teleaogiectaais 
and  the  cavernous  tumor,  see  page  505).  The  former  is  congenital, 
and  ia  originally  seated  in  the  lids,  from  which  it  may  gradually  extend 
into  the  orbit.  The  diagnosis  therefore  is  easy,  since  upon  the  lids  the 
tumor  b  exposed  to  view.  Its  treatment  when  in  the  orbit  is  the  same 
as  when  upon  the  lids.  Cavernous  tumoi-s,  in  contradistinction  to 
those  just  luimed,  usually  develop  first  within  the  orbit  and  grow  slow- 
ly, pushing  the  eyeball  farther  and  farther  before  them.  As  long  aa 
they  are  situated  wholly  within  the  depth  of  the  orbit,  their  correct 
diagnosis  can  be  made  only  from  the  variable  volume  which  these 
tumors  possess.  We  can  diminish  their  size  by  pressing  the  eyeball 
back  into  the  orbit,  and,  on  the  other  hand,  they  become  more  swollen 
iu  the  acts  of  cr\ing,  stminitig,  etc.  When  the  vascular  tumors  become 
larger  and  extend  farther  forward  they  gleam  with  a  bluish  luster 
through  the  skin  of  the  lids,  and  dilated  blood-vessels  are  seen  to  make 
their  appearance  in  the  latter;  in  this  case  the  diagnosis  is,  of  course, 
easy.  When  we  see  that  these  tumors  are  putting  the  eye  in  danger 
through  the  progressive  protrusion  to  which  they  give  rise,  we  must  re- 
move them.  Extirpation  with  the  knife  is  principally  adapted  to  those 
cases  in  which  the  tumor  is  sharply  limited  ami  is  inclosed  iu  a  fibroua 
capsule;  for  the  case  of  a  more  diffuse  vascular  tumor  electrolytic  tnjtat- 
mont  is  indicated. 

(c)  Maliynnnt  Tumors. — Both  sarcomata  and  caroinomata  occur  in 
the  orbit.  The  former  are  far  more  frequent,  and  may  take  their  start- 
ing-]»oint  from  bone,  from  periosteum,  from  the  muscles  or  connective 
tissue  of  the  orbit,  from  the  lachrymal  gland,  and  even  from  the  optic 
nerve  and  its  sheaths.  Not  to  be  confounded  with  them  are  the  sarco- 
mata which  develop  primarily  in  the  eyeball,  and,  after  breaking  through 
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the  posterior  wall  of  the  latter,  gjow  out  into  the  orbit,  at  the  same 
timt'  ])Uöhing  the  eyeball  forward.  Orbital  surconialu  are  usually 
rounded,  pretty  soft,  and  sharply  defined,  bwnuse  they  are  inclosed  in 
an  envelope  of  connective  tissue. 

Primary  curcinomata  of  the  orbit  are  very  rare ;  they  start  from  the 
luchrynml  gland.  Ou  the  other  band,  it  frequently  happens  that  ear- 
cinoinata  the  original  »eat  of  which  is  in  the  lids  or  tlie  oonjunctiva, 
grow  inward  into  the  orbit. 

If  malignant  tumors  are  not  removed  early,  they  push  the  eye  more 
and  more  out  of  the  orbit,  afterward  destroy  it,  and  finally  fill  the  en- 
tire orbit,  from  wbose  anterior  opening  they  project  us  large,  uJeerated, 
reatlily  bleeding  masses.  Still  later  they  pass  over  to  structures  a<lja- 
cent  to  the  orbit,  and  especially  to  the  brain  ;  the  neighboring  lymphatic 
glands  swell  up,  and  inetaslaÄe.s  form  in  the  internal  organs.  The  pa- 
tient suecumbs  from  exhaustion  or  from  a  transmission  of  the  growth 
to  vital  organs.  To  this  eourse  a  stop  can  be  put  only  by  as  early  and  as 
radical  a  removal  of  the  growth  as  possible.  Small  encapsulated  sarco- 
mata can  he  cleanly  enucleated  with  preservation  of  the  rest  of  the 
contents  of  the  orbit.  Large  tumors,  particularly  if  they  are  not  sharp- 
ly circumscribed,  demand  the  removal  of  the  entire  contents  of  the 
orbit  (exenteratio  orbita?,  see  g  1(58),  in  doing  which  the  eye,  even  when 
it  still  retains  its  ability  to  see,  must  be  sacrificed. 

Histological  examination  of  d^mmtl  eif$(»  shriws  that  their  wall  jiofwcs8c» 
essentially  the  Htnicturt'  «f  tlie  external  skin — it  consi.st.s,  thiit  is,  t>f  a  sy|>- 
stratum  of  conneetivu  tissue,  tlie  [mjullary  body,  wliich  supportH  .in  H|HtlieliHl 
lining  like  that  of  the  external  skin,  siiid  wliicli  not  infrefpiently  contdins  hair- 
foUirles  and  glands  (wbacrous  and  sweat  g'lamjs).  The  contents  of  the  cy»t  is 
mostly  like  porridge  or  sebum,  and  is  formed  of  the  exfoliated  epithelial  ceUs, 
and  the  .secretion  of  the  glands  contained  in  its  walls;  in  many  casen  hair,  and 
even  teeth,  have  been  found  in  it.  Sometimes  the  enntent-»*  nf  the  eyrt  are  eon- 
verted  into  an  oily  or  honey-like  li<|ui«l  (tnl-rysts  anil  honey-ey.sts  or  mcliceri.<) ; 
or  they  may  even  lM;c;ome  like  serum.  The  ainitomical  structure  of  these  cysl» 
ranffe«  them  in  the  weries  nf  derninid  cyxts — i.  e. ,  of  those  whieh  are  imagined 
to  have  developed  through  au  invagination  of  the  external  germinal  layer, 
which  then  develojw  afterward  into  a  cyst  (Reniak).  Many  of  the  cysts  with 
serous  contents  msiy  jK-rhaps  have  originated  from  an  auiilogoii.'«  invagination  of 
the  naMil  nniroas  membrane  (l*nini.^>.  In  vtrarture  and  mode  of  development 
dermoid  cyst»  are  allied  to  the  dermoids  of  the  romeal  marifin,  wliieh  likewise 
are  to  l»e  regarded  lus  aberrant  islands  of  skin  {.see  pn^e  111).  The  two  varie- 
ties of  tumors  are  distinguiHhed  fliniL'ully  by  the  fact  that  the  first  are  deeply 
placed  cavities;  the  second,  superficially  situated,  lint,  expanded,  wartlike  stritct- 
ureB. 

AnuHier  /om»  uf  tumor  with  which  the  dermoid  cysts  might  occa-sionaUy  be 
confounded  are  the  hernia  eer«bri.  These  consist  of  a  herniaforra  extrusion  of 
the  dun»  mater  into  the  orl)it.  .V  »ao  is  formed  by  them  which  is  either  filled 
with  cerei)ro-spinal  tluid  (meningocele)  or  which  also  contains  bniin-subs>tan<'e 
(enceplialocele).  Uernia"  cerebri  develop  at  those  regions  of  the  skull  at  which 
38 
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the  bones  come  into  iippot<itirm  by  autunrä.  In  the  orbit  the;  are  moiit  fre- 
quently situated  above  and  to  the  inner  ^ide.  where  they  utilize  for  their  avenue 
of  «Hctipe  from  the  cranial  cavit}-  the  suture  between  the  ethmoid  and  frontjU 
boneij.  Meningocele  of  the  orbit,  therefore,  is  ordinarily  represented  by  a  tumor 
which  is  niluated  id  the  upper  sind  inner  angle  of  the  orbit,  is  covt-red  by  normal 
Bkin,  is  distinctly  Hiu'tuant.  and  hiis  existed  since  birth.  Since  dermoid  cyats 
also  are  ei»iigenit;il  Jiiid  frequently  occupy  the  same  spot,  an  error  in  diagnosis 
might  be  rendily  made.  Such  un  error  might  jKyssibly  lead  to  the  worst  eonac- 
queuces,  if  i  xtirpHtion  of  the  meningocele,  which  may  Ije  followed  by  menin- 
gitis, should  be  1  hereupon  performed.  It  is  hence  important  to  know  how  such 
a  mi.stnke  can  l»e  inntded.  The  signs  which  principally  distingtueb  a  meningv>- 
cele  from  the  dcnnoid  cysts  are  as  follows:  1.  A  meningocele  is  immovably  al- 
taclieil  to  the  bune.  Not  infre«|ueu(ty  we  are  able  to  feel  with  our  tiuger  the 
opening  in  the  l»one  through  which  the  meningocele  communicates  with  the 
cranial  cavity  (hernial  orifice).  2.  A  meningocele  show:«  the  pulsatory  and  re- 
spiratory oscitliitionH  which  are  communicated  to  it  from  the  brain.  8.  A  roe- 
ninguLi'le  can  Ite  dimiuLihed  in  .size  by  pressure  with  the  finger«,  since  their  fluid 
contents  are  in  part  pushed  back  into  the  cranial  C4ivity.  At  the  hame  time 
syniitloms  of  increuiied  cerelmil  presssure,  like  vertigo,  nau!<ea,  deviation  of  the 
eyes,  convulsions,  etc.,  may  make  their  apj)earance,  4.  In  order  to  lie  perfectly 
certain,  we  make  an  e.x|>loratory  puncture  of  the  cyst.  In  doing  tliis  we  must 
proce«'d  urnh-r  rigid  antiseptic  preniutinns.  so  as  not  to  excite  intlanimation  of 
the  cynt  and  consequent  mcningrtiH.  The  diugnosis  Ijecomes  more  difficult,  or 
is  even  impossible,  vvhc-n  the  communication  between  the  meningocele  an«!  the 
cranial  cavity  ithe  sulHlural  space)  is  obliterated;  but  then  iu  this  case  removal 
of  the  tumor  is  not  associated  with  danger  of  any  sort.  In  all  other  case»  the 
indication  is  to  leave  meningoceles — which  anyway  are  verj'  rare — undi.sturl>e<l. 

Uesides  those  idready  given,  the  only  fi/nt»  of  the  orbit  re<|U)riug  mention 
are  those  formed  by  entozoa  (Cysticercus  and  echinococcu»),  and  also  the  con- 
genital cysts  of  the  lower  lid  in  inicrothnlmus  (page  330). 

I'l'LHATiNO  ExoPfmiAi.MU».— Under  this  t«rm  is  denoted  the  following 
complex  of  ayni|>tom3:  The  eye  is  protrmled  i  the  blood  vessels  of  the  conjunc- 
tiva and  the  lids,  und  often  of  ihe  surrounding  jmrts,  loo,  are  dilated.  If  the 
hand  is  placed  u[>oit  the  tumor,  distinct  pulsation  of  the  eyeball  itself  and  of 
the  aurruundiiig  part»  is  felt;  and  if  the  ear  is  a|)plied  to  it,  blowing  murmunt 
Mid  a  continuous  whirring  and  rumbling  sound  are  heard.  TIte  patient  also 
hcMri«  the  S4une  sounds;  he  ha.s  a  constant  rumbling  in  his  head,  as  if  be  were 
standing  iwar  a  wnttirfiill,  and  he  is  often  more  disturUni  by  this  than  by  any- 
thing rise.  The  eye  c»«  be  pushed  back  mto  the  orliit  with  the  hand.  A 
•INvinl  f<iuure  distiuguishing  the  disease  is  the  fact  that  compression  of  the 
rnrutid  of  the  same  side  as  the  exophthalnnis  diminishes  both  the  pulsation  and 
Ihe  No\inds  or  causes  them  to  disappear  altogether.  The  visual  i»ower  of  the 
ryp  is«  in  tunny  eiL>ies  ikbulisbed,  and  that,  a»  the  <q)htlmlmoscope  show»,  by 
neuritis  of  the  optic  nerve;  a  conspicuous  feature  that  is  l>rought  to  light  at  the 
«•me  tiuK-  iM'iitg  the  <-nf)miou.>,  dilatation  of  the  retinal  ves.sel8.  At  times  there 
•nr  vlob'in  piuiiH  m  thr  orbit,  and  impainnent  of  the  hearing. 

It  h/iH  li»'i<ii  proved  by  a  number  of  autopsifs  thai  the  most  frequent  catise 
at  Ihi«  cnmplrx  of  symptoms  is  an  arterio-venous  aneurism  resulting  frtfm  rupt- 
M(iT  of  the  carotii]  into  the  cavernous  sinus.  Through  the  spot  where  thi» 
mftlvrr  has  taken  [ilace  the  blood  of  the  carotid  is  discharged  under  a  high 
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preRsure  into  the  cavernous  mmui  and  the  VL-ins  of  the  orbit,  wbich  empty  into 
it  mid  which  art*  thus  very  greiitiv  diUtf^d  tiud  set  pwlKutiiiiy;.  TLif  rupture  of 
thf  carotid  is  most  frctiucntlv  cauwd  by  traumHti.sm.  and  particulnrly  hj  severe 
injiirii's  of  the  «kull  witli  fnu-ture  of  tht-  Iiu.-m-;  niri'ly  u  «^liontaDcoua  rupture  oc- 
curs iiR  a  rcault  of  Ucfjeritnitifja  of  tlie  vcssel-widl. 

In  rare  caaes  tho  aneurism  s^uhtkidcs  spoutaueouHly ;  otherwiRe  it  pcrsixts,  and 
may  produce  death  with  ccrelinil  sy»i]>toniia  or  hy  httiuorrhage  from  the  dilattd 
Vfsiwls,  The  treatment  i*  «eif-evident,  from  the  fiul  thji(  Mm  symptoms  dtfl«|H 
jteiir  as  soon  »ui  the  riirutid  is  fompressi^d  tipiin  the  aJTeeti'd  side.  Ilciiee  we  try 
first  tlie  employment  uf  eumpre!*iiion  by  distal  or  inslrunieiital  presNure  upon 
the-  carotid  every  dity  for  as  tnng  a  time  »is  can  be  home.  If  lhin  jimeedure, 
after  heiiijr  continued  for  hiiiuc  time,  in  iiiiHiiectsaful,  there  in  nothinj^  left  but  to 
tie  the  carotid — an  opcratimi  by  uiiich  most  eases  are  cured. 

Beside«  the  tumors  euumeiated  above  there  have  also  been  observed  in  the 
orbit,  a»  rare  occurrences,  the  following:  Anpioma  lipo  mat  itdes,  iymi>hiuygioraa, 
lu'uroma  plexiforme,  leuka'mie  tumors  and  iymjiho.^rcuiuuta  (simultaiieouiily  in 
bfiJli  o^bit.^),  cylindrumata.  eiidotheliumata,  p:*aiiimi)miita,  ivud  osteomutii.  The 
oifttomiiUt  start  from  the  bony  wall  of  the  orbit,  and  mo>'t  fre<juently  from  the 
frontal  lnuie.  They  nmy,  lin\ve%"er.  also  dc'veb)|)  in  one  of  the  envities  adjoining 
the  orbit,  partietilarly  m  the  rruutal  siniif^,  and  [>etietnite  into  the  orbit  itself 
afterward  throu|jfh  ulceration  of  the  orbital  wall.  They  are  usually  ses^ile, 
beinjLt  attached  to  the  bone  by  a  broad  base.  In  rare  instanee«  they  are  pedicu- 
hited,  in  whirh  case  it  oecasionally  happens  that  they  undergo  nprro.tJM  sjkui- 
tatieoiisly  and  are  then  etiininaled.  Mtmt  osteomata  are  us  hard  a«  ivory,  so 
that  eliisel  and  hhw  can  make  searcely  any  irupresHiuti  upon  them  (exfjstoais 
ebumeai ;  but  there  are  also  osteomata  tiavmg  a  stpoiigy  or  partly  cartilngiuous 
Htructure.  They  j^row  very  slowly,  and  after  a  (ime  ditiphice  the  eyeliall  from  the 
orbit  and  destroy  the  aight  by  compression  uf  the  optic  nerve.  Fur  thi.s  reaa<m 
they  i-ail  for  removal  by  ojKTation,  which  on  account  of  the  great  hardness  of 
the  growth  i.*  often  very  difficult,  and,  moreover,  is  not  devoid  of  danger,  since 
in  its  jierformance  the  cranial  cavity  may  b6  opened.  Hence  we  often  ab(<tain 
from  taking  the  growth  out  radically,  and  satisfy  ourseilve»  with  removing  only 
«o  much  of  it  a-i  projects  into  the  orbit.  When  the  eye  ha«  been  pu>lie<l  nut  of 
the  orbit  by  a  lurge  osteoma  and  has  been  already  rendered  blind,  it  ia  some- 
limes  better  to  relieve  the  jiatient  of  IiIm  troubles  by  enucleating  the  eye  which 
\\i\i<  become  useless,  rather  than  lo  expose  him  to  the  dangers  of  an  extirpation 
of  the  growth. 


Dn^ATATioN  OK  THE  CAVITIES  ADJorNfKfl  TiiK  Ohuit. — Thts  diicase  com- 
monly affects  the  frontal  sinus  or  the  maxillary  antrum.  Diseases  of  the  other 
accessory  cavities  of  the  nose,  namely,  the  ethmoidal  and  the  sphenoidal  sinuses, 
are  among  the  greatest  of  raritie.«,  and,  besides,  are  for  the  most  jiart  nut  |Hissible 
to  diagnosticate  in  the  living.  The  dilatation  of  thestr  cavities  takes  place 
through  a  bulging  out  of  their  wails.  Hence  even  on  external  inspection  there 
is  \"isible  a  protrusion  at  the  corrc-sponding  s|Kjt,  namely,  on  the  forehead  in 
enlargement  of  the  frontal  sinus,  and  upon  the  cheek  in  enlargement  of  the 
antrum  of  Ilighmore.  Moreover,  the  wall  of  these  cavitiea  which  look«  toward 
the  orbit  is  bulged  outward,  so  that  exophthalmus  takes  place  with  a  coinci- 
dent hiteral  displacement  of  the  eyeball  toward  thi-  side  i)pj)osite  to  (hi«t  of  tlie 
ectasis.     The  most  frc<|ucnt  cause  of  ectasia  of  these  cavities  is  the  accumula- 
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tion  of  äecretion  in  them.  They  are  accessory  cavities  of  the  nose,  and  are  lined 
by  processes  of  the  nasal  mucous  membrane.  Catarrhal  inflammation  of  the 
nasal  mucous  membrane  is  frequently  communicated  to  them,  and  if  the  passage, 
narrow  as  it  frequently  is,  between  the  accessory  cavities  and  the  nares  is 
blocked  by  swelling  of  the  mucous  membrane,  secretion  accumulates  in  the 
former.  As  the  mucous  membrane  of  the  accessory  cavities  does  not  stop  se- 
creting, the  cavities  gradually  become  filled  and  finally  distended  with  secre- 
tion. The  secretion  has  either  a  purulent  or  a  watery  character,  so  that  we 
distinguish  between  empyema  and  dropsy  of  these  cavities.  In  rare  cases  the 
distention  of  the  cavities  is  produced  by  tumors,  such  as  polypi,  osteomata,  or 
maligrnant  new  growths. 

If  the  distention  of  the  cavities  is  caused  by  fluid,  the  treatment  consists  in 
opening  the  cavities  according  to  the  rules  of  surgery,  and  in  securing  a  perma- 
nent drainage  of  the  secretion.  If  tumors  are  the  cause  of  the  distention,  they 
must  be  extirpated  wherever  possible. 


PART   III. 

ANOMALIES    OF   REFRACTION    AND 
ACCOMMODATION. 


Thk  eye  is  constructed  iipoii  the  principle  of  a  camera  obsoura. 
Thig  consists  of  a  box  blackened  on  tbe  inside,  the  anterior  wall  of  whicli 
in  formed  b)'  a  strong  convex  lens,  which  throws  upon  the  posterior  wall 
an  inverted  image  of  the  objects  that  may  chance  to  be  in  front  of  the 
camera.  In  the  human  eye  we  find  instead  of  the  convex  lens  quite  a 
number  of  refracting  surfaces  constituted  by  the  surfaces  bounding  the 
refracting  media  of  the  eye,  namely,  the  cornea,  aqueous  humor,  lens, 
and  vitreous;  and  in  {ilace  of  the  posterior  wall  is  fonnd  the  retina, 
which  not  oidy  receives  the  image,  but  also  at  the  same  time  perceives 
it.  Hence  a  diminution  of  visual  power  may  be  produced  by  two  differ- 
ent causes:  either  the  dioptric  apparatus  of  the  eye  is  defective,  so  that 
a  sharp  image  is  not  thrown  upon  the  retina,  or  it  is  the  retina  that  is 
at  fault  in  that  it  is  not  sensitive  enough. 

In  order  to  throw  a  wharp  image  upon  the  retina  the  dioptric  apjia- 
ratus  of  the  eye  must  fulfill  two  conditions.  In  the  first  place,  the  re- 
fracting niMÜa  must  be  jjcrfectly  transparent.  Hence  opacities  of  the 
cornea,  tens,  etc.,  make  distinct  vision  impos-sible.  The  seconcl  condi- 
tion is,  that  the  refractive  power  of  the  media  should  be  such  that  they 
project  an  image  of  external  objects  which  is  both  perfectly  distinct 
and  also  lit's  precisely  ufion  the  retina.  The  variations  from  this  rule 
we  designate  as  errors  of  optical  adju-stmcnt  or  as  errors  of  refraction 
and  accommodation,  'i'he  theory  of  these  errors,  as  we  see  it  {»resented 
to  US  to-day,  forming  a  harnionious,  well-compuctcd  wliole,  is  chiefly 
Doiiilers'.'*  work.  It  is  the  exactest  portion  of  (ijihthalmology.  and,  in 
fact,  of  all  nietJicine,  for  it  is  based  directly  upon  the  application  of 
physical  and  niathematical  laws  to  the  eye.  These  laws,  therefore,  as 
far  iis  they  will  require  consideration  here,  must  be  supposed  to  be 
known  in  advance. 
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and,  in  fact,  there  is  no  image  formed  at  any  spot  whatever.     This  ap- 
parent imugu  is  called  virtiuil  (formed  at  the  virtual  focus),  and  lies 
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upon  the  same  side  as  that  from  which  the  rays  come  to  the  lens. 
Here,  precisely  as  in  the  case  of  convex  lenses,  the  law  holds  good  that 
the  path  of  the  rays  ie  the  same  when  the  direction  is  reversed.  If 
rays  impinge  upon  the  lena  from  its  posterior  aspect  (a)  with  a  con- 
vergence such  that  they  are  directed  toward  /',  ihey  will  be  parallel 
upon  their  emergence  from  the  lens  at  its  anterior  aspect. 

The  distance  between  the  principal  focus,  /',  and  the  ojitical  center, 
A,  is  called  the  principal  focal  distance.  In  convex  lenses  this  lies  tipou 
the  opposite  side  to  that  upon  which  the  mys  impinge;  it  is  known  as 
positive  focal  distance,  and  conv«x  lenses  are  hence  givt-n  the  sign  +, 
The  converse  is  trne  of  concave  lenses,  whose  neji^ative  focal  distance  is 
denote<l  by  the  sign  — .  The  refraction  of  rays  by  a  lens  is  greater, 
caiteris  paribus,  the  more  curvet!  its  surface  is — that  is,  the  shorter  its 
radius  of  curvature  i.**. 

The  nnmerafion  of  lenses,  the  object  of  which  is  to  show  their  re- 
fractive power,  is  based  upon  their  principal  focal  distance ;  for,  the 
more  strongly  t!ie  rays  are  refracted,  the  closer  their  point  of  union 
comes  to  the  lens,  and  the  shorter,  therefore,  is  their  princijial  focal 
distance.  The  latter  accordingly  i»in  inverse  proportion  to  the  refract- 
ing power  of  the  lens,  and  can  heTice  be  utilized  as  a  measure  for  it.  A 
principal  focal  distance  of  1  metre  is  assunred  as  unity,  and  the  lens 
which  has  this  prineipal  focal  distance  is  called  a  metre-lens  or  dioptre 
{l)).  If  3  metre-lenses  are  placed  in  apposition,  twice  the  refractive 
power  is  obtained,  namely,  '-i  dioptres  {'i  />).  The  principal  focal  dis- 
tance is  now  one  half  that  of  the  former  lens — i.  e.,  A  metre  —  50  cen- 
timetres. Instead  of  placing  2  metre- lenses  in  apposition,  we  may 
grind  a  lens  whose  curvature  is  twice  as  large  (or  whose  radius  of  curva- 
ture is  half  as  large)  as  that  of  the  single  metre-lens.  We  thus  get  a 
lens  of  a  Si-dioptre  refracting  power  and  a  principal  focal  distance  of 
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flO  centimetres.     In  aimloguus  fashion  a  lens  of  4  I)  would  have  one ' 
fourth  tlie  focal  diataiice  of  the  niotre-Iens — i.  e.,  100  cm.  -i-  4  =  SS  cm. 
A  lens  of  ^  D  rcfra<:tive  power  hsks,  oi)  the  other  hand,  a  focal  distanced 
of  100  cm.  -J-  i  =  :iOOcm.     The  focal  distance  of  a  lens  of  nDi&  thusi 
lüOcm.  T-«.     The  trial-cases  ordinarily  employed  for  examining  the 
eye  contain  lenses  from  0'iJ5  i)  up  to  2U  IK 

137.  The  lenses  .so  far  considered  have  been  biconvex  and  bicon- 
cave. For  weak  glasses  plauo-cuuvex  (Fig.  133,  A)  and  plano-concave 
(Fig.  133,  B)  lenses  are  also  employed,  the  refracting  power  of  which 
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jg  one  half  of  that  which  the  doubly  curved  lenses  posResa,  the  curvature 
of  the  surface  being  the  same.  There  are  also  lenses  one  surface  of 
which  is  convex,  the  other  concave.  If  the  radius  of  curvature  of  the 
two  surfaces  is  the  same,  so  thjit  they  are  ))aralkd  with  each  other,  the 
glass  acts  like  a  plane  glass.  This  in  the  iiise  in  the  coquille  or  pro- 
tective glasses.  Such  lenses  have  refracting  power  only  when  the  cur- 
vat\»re  of  one  surface  surpasses  that  of  the  other  (meniscus).  If  the 
convex  bulges  more  than  the  concave  surface,  the  lens  acts  as  a  convex 
lens  (positive  niuniscua,  Fig.  133,  C).  If,  on  the  contrary,  the  concave 
is  more  strongly  curved  than  the  convex  side,  the  combination  acta  as  » 
concave  lens  (negative  meniscus.  Fig.  133,  D).  Menisci  have  the  ad- 
vantage over  ordinary  lenses  tliat  we  see  as  distinctly  when  looking 
through  the  marginal  portion  of  the  glasses  as  when  looking  through 
their  center,  while  ordinary  lenses  give  distorted  images  when  we  look 
through  their  marginal  portion.  Hence,  menisci  are  also  called  peri- 
Bcopic  *  glasses.  They  are,  however,  only  suited  for  weak  glasses,  since 
the  higher  numbers  of  menisci  are  too  heavy. 

Besides  the  lenses  just  given,  which  are  called  collectively  spherical 
lenses,  there  are  also  rylindricnl  lenses.  If  we  image  a  segment  cut 
out  of  a  cylinder  (Fig.  134),  this  segment  forms  a  convex  cylindrical 
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lens  (Fig.  133,  E).  This  has  the  property  of  allowing  rajB  which  im- 
pinge along  its  axis,  a  n  (Fig.  KU),  to  pass  wit  html  rletlectiiig  tht-m, 
Itays  which  impinge  porjjcndii-ularly  to  the  axi.s  iilong  a  line  corre- 
spoudiug  to  b  1/  b,  undergo  the  maximum  refraction — i.  e.,  that  eor- 
responding  to  the  curvature  of  the  cylindrical  calotte.  Itays  which 
pass  through  the  lens  in  meriiiiatis  lying  between  the  two  main  direc- 
tions undergo  a  deflection  which  has  a  vahie  somewhere  between  zero 
and  the  maximum,  varying  according  to  the  angle  that  the  meridian  in 
which  the  rays  impinge  upon  the  lens  forms  with  the  axis.  The  same 
thing  is  true  of  concave  cylindrical  lenses  (Fig.  l.'{3,  /'),  which  may 
be  regarded  as  representing  the  mold  of  the  positive  cylinder. 

iSifice  cylindrical  lenses  refract  unequally  the  rays  impinging  upon 
them  in  ditlerent  meridians,  they  are  calculated  to  compensate  fur  a 
difference  in  refrangibility  existing  in  the  different  meridians  of  the  eye; 
they  serve,  accordingly,  to  correct  regular  astigmatism. 

Prism«  are  employed  for  glasses  either  alone  or  combined  with 
lenses.  The  number  engraved  upon  prisms  indicates  their  refracting 
angle;  the  delleetion  which  the  rays  undergo  amüiint*  in  ihe  case  of 
weak  prisms  to  one  half  this  angle.  Prisms  find  their  chief  application 
in  insufficiency  and  paralysis  of  the  ocular  muscles. 

Profeditr  glames  for  shielding  the  eye  against  light  are  made  of 
various  shades  of  blue  or  gray  glass  (London  smoke).  The  coquille- 
shaped,  curved  glasses  are  the  best, 
since  they  also  moderate  a  part  of  the 
light  that  comes  in  from  the  side. 
Workmen's  glasses  for  shielding  the 
eye  against  foreign  bodies  consist  of 
glass,  or,  when  the  intention  is  to  make 
til  em  unbreakable,  of  mica  or  of  line 
wire  gauze. 

Stenopipic*  glasses  consist  of  a 
blackened  disk  of  metal,  in  which  is 
placed  a  small  round  hole  or  a  narrow 
elit.  The  .stenopjeic  slit  is  jvrincipally 
used  for  examining  astigmatic  eyes. 
The  round  stenopa?ie  hole  is  sometimes 
employed  witli  julvantage  in  oases  of 
corneal  opsicities.  It  is  ailajited  for 
those  cases  in  which  a  part  of  the  pu- 
pillary  area  of  the  cornea  is  clear,  while 
another  part  is  occupied  by  a  semi- 
transparent  spot  of  clouiJiness,  which  cause  disturbance  of  vision  through 
diffusion  of  light.     If  the  disk  is  held  before  the  eye  in  snch  a  way  that 
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IB,  therefore,  about  a  dioijtrp,  A  No,  10  gliuw  {,>,) — i.  e.,  of  10  inches  focal 
dütance — has  one  fuurtlt  the  focat  di(«tHnce  of  a  No.  40glii8s,  and  is  therefore  four 
times  aa  strong  »»  the  bitter;  it  ih  accordingly  4  diojitres.  Hence,  wc  get  at 
the  value  of  the  old  number  in  dioptres  if  we  divide  40  by  the  old  number.  The 
conversion  of  tin-  m-w  nitmbers  inti>  the  old  is  done  in  a  «iniihir  way:  e.  g..  5  D 
have  one  fifth  the  fooil  distiinee  of  1  IJ.  The  latter  is  about  40  inches;  5  />, 
therefore,  have  n  focal  distance  of  40  -i-  5  =  8  inch«'«.  Hence,  the  old  nimibcr 
is  converted  into  the  new,  or  the  new  into  the  old,  by  dividing  40  by  the  given 
nuiitlier,  when  Hie  number  of  the  i>tlicr  ByHtem  in  then  nt  once  obtained. 

The  jirohlem  very  often  cuufrontsi  the  physician  of  delertnining  the  »trength 
of  11  glass  which  the  patient  brings  along  with  him.  If,  hh  ia  geuernlly  the  case, 
no  great  precision  is  reipiired,  we  may  employ  the  following  methods  for  (h~ 
termining  the  »trrngth  of  a  ten*  : 

1.  Direct  measurement  of  the  focal  distance.  We  station  ourselves  with 
the  glass — supposing  it  to  l>e  a  strong  convex  glass — close  to  the  W4j11  of  a  room 
which  is  situated  opposite  the  window,  and  throw  with  the  glass  an  image  of 
the  window  upon  the  wall.  Then  we  niea-^urt-  that  distance  of  the  glass  from 
the  wbU  at  wliich  the  image  is  the  shiu"pest.  This  distance  gives  the  principal 
focal  distance  of  the  glnss  directly.  Suppose,  for  tns-tance,  the  distance  to  be 
20  centimetres;  llien  tht«  niinilH'r  of  the  glass  would  be  100 -;- 20  =  .5  i>.  In 
doing  this  the  not  4|uite  proper  a««suni])tion  is  made  that  the  window  is  nt  an 
infinite  distance  from  tl)e  glass,  since  the  |>rincii«»l  focus  is  the  jxiint  of  union 
of  niys  that  arc  pmrallel — i.  e.,  come  from  an  infinite  di.stsnce  and  impinge  from 
the  lens.  But  tliis  t-rror  is  negligilile  when  the  window  is  distant  not  less 
than  0  metres  from  the  widl.  At  smaller  distances  this  procedure,  however,  ia 
not  applicable.  Moreover,  it  can  not  be  used  for  weak  crtnvex  glatwes,  which  do 
not  afford  a  sufficiently  distinct  image;  nor  for  concave  glasses,  which  do  not  pro- 
duce a  real  image  at  all.  For  these  two  cases  wc  must  add  to  the  gliuss  to  be 
tested  a  strong  convex  lens  of  known  focal  distance  and  determine  the  focal  dis- 
tance of  the  two  together.  Then  from  the  number  of  dioptres  correspimdiiig  to 
tlie  combined  fot'al  distance  must  be  so btrjicted  the  number  of  dioptres  added. 
Suyjpose,  for  example,  that  we  liave  found  that  a  certain  glass  combint-d  with  a 
lens  of  +  10  />  throws  a  distinct  image  upon  the  wall  at  a  distance  of  14  centi- 
metres, 7 D  correspond  to  a  focal  distance  of  14  centinictriM,  for  100  -5-  14  =  7. 
ftince  the  auxiliary  glaaa  wa.H  one  of  10  Z>,  the  glass  which  is  In'ing  determined 
must  be  7  —  10  Ö  =  —  3  /).  It  is,  therefore,  a  concave  glass  having  a  refract- 
ing power  of  3  D. 

2.  If  wo  have  a  case  of  gla-iwes  at  our  disposal,  we  determine  the  refractive 
power  of  a  tens  most  speedily  f)y  ]»lacing  lenses  of  thf  crmtrary  sign  before  it  until 
we  have  found  a  lens  which  completely  neutralizes  the  first  one.  So  if  we  had 
to  search  for  the  nuroljer  of  a  concave  lens  we  would  keep  adding  to  it  stronger 
and  stronger  convex  lenses  until  the  combined  action  of  both  lenses  is  the  sjirae 
as  that  of  a  plane  glass.  This  is  the  ca.se  when  vision  through  the  combinaliou 
is  the  same  as  with  the  naked  eye.  A  still  more  certain  way  of  deciding  this 
question  is  by  parallactic  di.splacement.  If  we  look  at  a  distant  object  through 
a  concave  glass  and  then  move  the  gl»u<s  to  and  fro  iM-fore  the  eye,  the  object 
executes  an  apparent  imivenu'tit  in  the  sariu"  sense;  but  if  we  look  through  a 
convex  glass,  the  apparent  movement  of  the  object  takes  place  in  the  contrary 
direction.  Hence,  as  long  iu*  one  of  the  two  superimposed  glaases  is  in  excess 
of  the  other,  we  get  a  parallactic  displacement  in  one  direction  or  the  other — a 
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displacement  which  disapjtear»  the  moment  wc  combine  two  jKjrfectly  similar 
glaKscH  of  dilTtTcnt  sign. 

The  gfnenil  [tractitioner  who  doe»  not  care  to  buy  a  rompk-fc  trial-<"ase  can 
get  along  witii  oai'  having  a  »imaller  number  r>f  ^laswK  (10  to  12  convex  and  as 
many  concave),  ns  by  their  combirintion  he  can  produce  the  other  numbers. 

The  effect  of  the  glasses  depends  not  only  aptin  their  refractive  i>ower,  but 
also  up<in  tlieir  diKtuncc  from  the  eye.  The  effi-it  of  concave  ghiswa  is  wvuk- 
eaed  and  «f  convex  glassea  ia  Btrengtliened  the  farther  they  are  held  from  the 
eye.  We  hence  .nee  old  [itoplu  whüM>  convex  glasses  have  already  become  too 
weiik  for  readhig  fretiueiitly  push  their  glasses  far  down  on  the  nose  so  us  to 
carry  them  away  fnitn  the  eye,  The  .stronger  the  glass  the  greater  is  the  influ- 
ence wliich  it**  distance  from  the  eye  exerts.  For  tliis  reomni  the  intcr\'aU  be- 
tween the  Hcjuirate  numbers  u.re  not  required  to  be  so  numerous  in  the  ca«e  of 
the  stronger  glflsses  as  in  tfio  weaker  onen,  since  the  effect  of  the  former  can  be 
readily  increiUMil  nr  weakened  by  slight  alterations  in  its  distance.  This  ia 
mainly  of  advantage  to  those  tlvat  have  been  operated  ujmn  for  cataract,  who 
possess  no  power  of  aecominodutiün,  und  hence  with  their  strong  convex  glaa«e8 
can  never  have  their  sight  adjusted  except  for  one  definite  distance.  By  slightly 
displacing  the  ghu«  thi-y  so  far  help  matters  that  with  the  same  glass  they  caa 
see  sometimes  a  little  closer  to  them,  sometimes  a  little  farther  off. 

In  the  act  of  displacing  the  glasses  attention  should  be  paid  to  having  the 
centers  of  the  glasses  separated  from  each  other  as  far  as  are  the  juipils  of  the 
|H"rson  wearing  the  glasses,  otherwise  he  wmdd  be  looking  through  the  edges  of 
the  latter.  In  this  case  the  imager  arc  leds  distinct,  and,  moreover,  the  gbuBCS 
then  act  like  weak  jirisms. 

It  i«  fre(piently  the  caj^e  that  a  jierson  needs  glasses  for  vision  both  at  a  dis- 
tance and  near  by,  but  that  these  «re  of  a  different  strength.  If  the  ga/x-  hoa 
to  be  directed  alternately  and  in  rapid  successtcm  at  far  and  near  object«,  as, 
for  exatnptc,  in  the  case  of  a  painter  who  looks  first  at  the  landscafie  then  at 
his  canvas,  the  continual  changing  of  ghiases  would  be  very  troublesome.  For 
.Huch  caaea  gta&ses  are  eiiiployed  composed  of  two  bisected  lenses  which  meet 
«long  a  horizontal  plane.  The  up]ier  half  Ls  designed  for  distant,  the  lower  for 
near  vision,  since  in  iookiug  near  t)y  the  visual  plane  is  somewhat  depressed. 
From  their  inventor,*  who  also  was  the  first  to  use  them,  such  glasses  ore  called 
Franklin  glasaes.  Instead  of  joining  two  separate  glas^ses  together  we  may  also 
order  the  same  gUas  ground,  so  as  to  have  a  different  curvature  in  its  upper  half 
from  that  which  it  has  in  its  luwer  (bifocal  lenses). 

The  only  advantage  that  gla.sses  made  of  rock-crystal,  which  are  mach 
dearer  than  those  ground  from  glass,  have  over  the  latter  is  that  on  uccount  of 
their  superior  hardness  tliey  arc  less  readily  scrntched — an  advantage,  however, 
which  is  of  consequence  only  in  convex  lenses. 


•  [Benjamin  Franklin.— I).] 
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OPTIÜAL  PROPERTIES  OF  THE  NORMAL  EYE. 

(a)  Refraction. 

138.  Bv  the  refraction  of  the  eye  we  mean  tlie  state  of  its  refraction 
id  the  state  of  rest — i.  e.,  in  the  absence  of  any  accommodative  effort. 
The  refraction  of  tin-  normal  eye  is  so  cotistitutt'd  that  panilh'l  rays 
im])inging  upon  the  cornea  are  united  so  as  to  form  a  sharj>  image 
npon  the  retina.  The  retina,  therefore,  is  situated  at  the  principal 
fcicul  distance  of  the  dioptric  apjianitus  of  the  eye,  and  thus  constitutes 
its  focal  plane.  Such  a  refractive  condition  is  called  emmet roju'a*  K 
(Donders). 

In  order  to  follow  the  passage  of  the  rays  through  the  refracting 
media  of  the  eye  we  must  Icnow  precisely  the  curvature  of  the  refracting 
surfaces,  their  distance  from  each  other,  and  the  index  of  refraction  of 
the  individual  refracting  media.  On  the  basis  of  these;  data  we  can  by 
ft  complicate'«!  c^ilculation  find  the  path  of  the  rays  from  one  refracting 
surface  to  the  other.  To  facilitate  this  calculation  for  practical  pur- 
poses, Donders  has  devised  a  simplified  schematic  model,  the  reduced  or 
ncftenmlic  eye  (Fig.  135).  This  has  an  axial  length  of  20  millinietjes 
{h  ft)  and  consists  of  a  single  refracting  substance,  which  has  an  index 
of  i-cfraction  of  |,  and  the  anterior  surface  of  which  (representing  tlie 
anterior  surface  of  the  cornea)  ha«  a  radius  of  curvature  of  5  milli- 
metres. Hence,  the  center  of  curvature  which  eoincidcs  with  the  nodal 
I>oint  (i-,  Fig,  135)  lies  5  millimetres  behind  the  refracting  surface  and 
15  millimetres  in  front  of  tlnv  rctiiui,  which  lies  at  the  principal  focal 
distance  of  the  eye  (20  millimetres).  Thi.«;  schematic  eye  varies  very 
essentially  from  the  normal  human  eye,  the  {>rincipal  focal  distance  of 
which  (axial  length)  amounts  to  about  'i.\  millimetres;  but  calculations 
in  regard  to  the  size  of  retinal  images,  of  dilTusion-circlcs,  etc.,  which 
are  made  upon  the  basis  of  the  schematic  eye,  give  results  wiiich  ap- 
proximate very  closely  to  those  found  for  the  real  eye.  Hence,  for 
practical  purposes  the  schematic  eye  con  without  hesitation  be  made 
the  busi.s  of  calculation. 

The  calculation  which  the  ophthalmic  pructilioner  has  most  fre- 
quently to  make  concerns  the  size  of  the  retinal  image  of  a  given  ob- 
ject.   To  do  this  the  size  of  the  object  and  its  distimc*  from  the  eye 
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must  be  known.     The  retina!  image  of  the  object  o  m,  is  *  i,  (Fig.  135). 
The  triangles  oü,k  and  b  b^  k  are  similar ;  hence,  bb^:  0  0i  =  hk  :  ok  and 

b L  =  " "' ^,*-.     If  we  call  the  size  of  the  image  {b  6,)  li,  that  of  the  ob- 

0  A* 
ject  (o"i)  0,  and  the  distance  of  the  latter  {ok)  from  the  eye  £",  thon 

w— ji^     mm.      ,pj^^  gj^^  ^j  ^j^g  retinal  image  is  therefore  directly 

E 
proportional  to  the  8i7.e  of  tlio  object  and  inversely  proportional  to 
the  distance  of  the  object  from  the  eye.     E.  g.,  a  rod  t  metre  high 


Kim.  ]%.— Kkui'cbD  ^Bc'iuuiATtu)  Kvk  or  Ik>mi>eiu>. 

placed  at  a  distance  of  l.>  metres  from  the  eye  would  give  a  retinal 

,  ,,.,    ,     ,.      1,(^H)  mm.XlÄ  mm.  m  •       j    •# 

image  whose  altitude  Is  = t^t.^^t. =  1  "»"i«    ^  his  rod,  u 

*  15,000  mm. 

approximated  to  one  tliird  of  the  distance — i.  e.,  5  metres — would  give 

^.     ,.  -  1,000  mm. X 15  mm.  ^u       *• 

a  retnuu  image  of r7^?^ — =  ^  mni.,  or  three  times  as  great 

öftHiU  mm. 

as  before.  This  sort  of  calcnlation  is  often  applied  in  order  to  dift- 
cover  the  size  of  a  diseased  urea  of  the  retina,  corresponding  to  which 
is  a  scotoma  in  the  visual  field,  whose  size  can  be  determined  by  exam- 
ination. The  scotoma  is  then  regarded  as  the  object  for  which  the  aixe 
of  the  retinal  image  is  calculated. 

(fi)  Visual  Amity. 

138.  The  smaller  the  objects  that  an  eye  can  distinguish  or  the 
greater  the  dist^mce  at  which  it  can  distinguish  an  object  of  given  size, 
the  greater  is  the  acuity  of  vision  that  it  possesses,  SupjMise,  for  in- 
stance, that  the  eye  is  able  just  to  distinguish  the  object  u  b  (Fig.  LSG) 
at  the  distance  u  k.  Another,  better  eye  still  distinguishes  the  object 
when  it  is  carried  twice  as  far  off,  to  the  distance  (T,  k.  The  size  of  the 
retinal  image  a  jff,  is  in  this  case  reduce<i  to  half  of  that  ia  the  former 
(a  /9)— that  is,  tlie  visual  acuity  of  the  second  eye  is  ivrioe  as  great  as 
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that  of  the  first.  Instead  of  carrying  the  object  n  b  twice  as  far  off,  we 
may  leave  it  at  tlie  same  spot  but  make  it  half  as  small  {a  ä„).  In  this 
case,  too,  the  size  of  the  retinal  image  would  be  reduced  one  half.  In 
both  cases,  therefore,  a  retinal  image  of  the  same  size  is  obtained,  and 
that,  moreover,  because  the  angle  v  remains  the  same.  This  angle  is 
subtended  by  the  rays  wbiuh  pass  from  the  terminal  points  of  the  ob- 
ject through  the  nodal  point  of  the  eye  to  the  retina.  It  is  oalU^l  the 
visual  angle  (augulus  visorius),  and  is  the  true  measure  of  the  visual 
acuity.  For  estimating  the  visual  acuity — i.  e.,  the  least  visual  angle — 
there  are  from  the  above  example  two  ways  open  to  ua,  both  of  whieh 
are  made  use  of.  We  may  take  an  object  of  given  size  and  carry  it  off 
with  us  from  the  eye  until  the  farthest  point  at  which  it  can  be  recog- 
nized is  reached.  This,  for  instance,  is  done  when  we  try  to  find  at 
what  distance  an  eye  is  able  to  count  the  fingers  when  extended.  The 
second  way  consi-sts  in  conducting  the  test  at  a  constant  distance,  ob- 
jects of  different  size  bfiing  presented  t-n  the  eye  and  the  attempt  being 
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made  to  find  the  minimum  size  which  the  object  can  have  and  still  be 
recognized.  This  method  is  employed  when  we  tt«t  the  visual  acuity 
with  test-tvpes. 

What  objects  are  best  adapted  for  tesiinfj  the  visvaJ  acuity?  A 
single  dot,  the  distance  nf  which  from  the  eye  i.s  altered,  is  unsuitable 
because  the  visibility  of  a  dot  depends  le.'j.s  upon  the  visual  angle  which 
it  subtends  than  uprm  its  luminosity.  The  fi.\ed  stars,  radiant  as  they 
are,  are  nothing  but  mathematicat  jioints  even  when  seen  with  the  mosti 
pim-erful  telescopes;  they  liave,  therefore,  a  visual  angle  ecjual  to  zero, 
and  yet  they  are  seen  very  clearly.  Every  one  can  recall  having  seen  a 
cross  upon  the  top  of  a  church-spire,  when  sparkling  in  the  luster  of 
the  setting  sun,  at  distances  at  whifh  the  church-sjure  itself  was  scarcely 
distinguishable.  For  this  reason  we  select  for  the  test  not  one  but  two 
points  (or  two  parallel  lines)  and  then  determine  the  greatest  distance 
at  which  they  can  still  be  perceived  as  separate  objects.  From  this  can 
be  readily  calculated  the  minimum  visual  angle,  which  for  a  normal  eye 
amounts  to  about  1'  (Volktnann).     <Mi  the  basis  of  this  determination 
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bedtstiD- 
gaUhed  br  a  nonnia  eje.  Far  emipfe,  the  letter  F(Fig.  137)  hu 
been  taken  from  the  rov  vith  the  ■ifiewtriptioo  1:^  and  ought,  there- 
fore, to  be  read  ax  a  dirtanrr  ut  12  metrm.  like  all  the  other  letter« 
of  the  test-«ard,  it  is  inaeribed  vithin  a  square,  who» 
■dee  are  dirided  bj  partitBon  tines  into  5  part«  each. 
The  diiarwiiowt  are  eo  chosen  that  ihe  vbole  square 
afHwara  mdcr  an  angle  of  S'  at  the  given  diatanoe 
(12  metres  in  the  example  sdected).  Each  partial 
eqoare  is  benee  seen  under  an  ai^e  of  1',  which  it 
the  minimam  visual  angle  for  the  norms]  eje.  Bnt 
the  detsSsof  the  letter,  apon  the  recognitioa  of  which 
T>S!L!Sr**"*  the  ability  to  decipher  the  whole  letter  depends,  cor- 
re^Mmd  to  the  nze  of  the  partial  eqoares.  A  normal 
eye  will,  therefore,  distingnidi  Snellen''s  test-types  at  the  distanoes 
given  above  the  separate  rows.  It  will  see  the  letter  F  (Fig.  137)  at 
12  metres  and  its  visoal  acuity  ^*  =  f|  =  1.  As  a  general  things 
however,  we  make  the  person  under  examination  stand  always  at  the 
same  distance  from  the  card — namely,  6  metres.  If  at  this  distance  be 
distinguiBhes  the  lowermost  row  which  has  6  written  over  it,  he  has 
S=  ^  =  1 ;  but  if,  for  instance,  he  distinguishea  only  the  uppermost 
letters,  No.  60,  S=  ^  =-^.  Hence,  A*  always  =  ^,  in  which  d  h  the 
distance  at  which  the  reading  is  done,  and  D  the  number  of  the  row 
read. 

The  testing  of  vision  near  by  is  made  with  small  print,  namely,  with 
the  low  numbers  of  Jäger's  or  Snellen's  test-types.  In  doing  this,  we 
try  to  determine  two  distinct  things — namely,  what  is  tlie  smallest- 
sized  print  that  can  be  read,  and  what  is  the  least  and  the  greatest  dis- 
Uince  at  which  it  is  legible.  It  is  e\ident  from  Fig.  136  that,  the 
nearer  the  object  approaclies  the  eye,  the  larger  do  its  retinal  images 
become.  If  the  object,  a^  b^  is  brought  down  to  one  half  tho  distance 
— i.  e.,  to  a  b — its  retinal  image  is  made  twice  as  large.  Hence,  the 
smaller  the  objects  are,  the  nearer  we  hold  them  to  the  eye.  Very 
myopic  eyes  often  have  defective  visual  acnity,  and  yet  pass  among  the 
laity  as  being  e.xcellent,  because  they  can  distinguish  extremely  minnte 
objects.  But  the  only  reason  for  this  is  that  they  are  able  to  hold 
objects  extremely  close.  Persons  with  diminished  visual  acuity  like  to 
bring  objects  up  extremely  close,  so  as  to  get  quite  large  retinal  images 
from  them,  and  in  this  way  make  np  for  what  the  images  lack  in  dis- 


*  [/»' =  Sehschftrf«,  visual  acuity.    In  ihi»  oounlry  K(=  vision,  or  tbe  Latin  visa») 
i«  uttuülty  employed. — IX] 
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tinctness  or  the  retina  lacks  iu  eeusitivenea».    SiK*h  jierson»  urv  often 
wrongly  regnnk'd  as  wry  myopic. 

When  the  visual  iiouity  has  beoome  so  reJueetl  that  the  largest  let- 
ters of  Snellen's  test-card  can  no  longer  be  recognized  at  n  rtietres,  the 
patient  must  go  u{i  nearer  tu  it,  or  we  select,  instead  of  the  U'tters,  ob- 
jects that  are  easier  to  distinguish — e.  g.,  the  outspread  lingers,  and  try 
to  und  at  what  dit;tuiice  they  can  be  counted.  When  the  visual  acuity 
is  still  worse,  nothing  can  be  distinguished  but  the  movements  of  the 
hand  before  the  eye.  When  even  this  is  no  longer  the  case,  so  that  the 
eye  simply  distinguishes  light  from  darkness,  we  say  that  qualitative 
vision  is  lost  and  that  onty  quantitative  visioti — i.  e.,  mere  perception 
of  light*  is  present. 

Arit,  iu  1844,  wils  tUo  fimt  to  iatnidnnf  letters  nf  different  sizi-  (mmiBured  ia 
lines)  iiM  .1  Ntuiydstrd  for  tk'tiTtuiuiug  tlif  visiiul  ju-iuty.  Ti'n  years  hitt-r  JSger 
publvj^hcd  hii*  st^ak'  of  tyiK-.s,  wliich  »aou  HO)uirfd  yoiifral  iioccptance.  und  which 
evi'ii  tit  the  jjrt'Hfnt  time  is  freijuently  employed.  Practiculh-  these  are  very  uhc- 
fu],  since  tliey  present  a  great  number  of  successive  grades  in  the  size  of  the 
Lettern;  liut  they  are  not  arranged  ujion  «ny  scientific  principk^  This  defect 
Snellen  hü8  supplied  by  hin  test-typeti,  which  iit  present  are  the  ones  most 
extensively  enj]iloyed.  Snellen  has  bused  them  upi>n  the  iissiuinptinn  that 
the  minimum  vi.sual  angle  for  a  sound  eye  :inuiunts  to  1',  so  thiit  No.  Ü  of  the 
(est-tyjM's,  the  detailK  of  which  apjieiir  under  an  atit^le  of  1',  can  still  just  be 
read  at  thia  distance.  He  has,  therefore,  assumed  S  =  I  tu*  the  normal  visual 
»ruity.  But  we  are  not  to  snppoije  that  IhtH  is  absolutely  the  Rreiitest  visual 
acuity  that  liiere  is.  Most  eyes  in  young  ]»ersonB  «ee  No.  6  at  a  greater  dis- 
tane«',  an  fur  a.s  13  metres  or  even  farther,  so  that  they  may  possibly  have  iS  =  \* 
=  3,  or  more.  N  =  J  i.s  nccordtngly  to  be  lofiktd  u]ion  simply  as  the  minimum 
(o  ire  required  of  a  normal  eye;  if  the  visual  acuity  sinks  below  this  minimujii, 
the  eye  is  no  lougcr  to  he  considered  as  perfectly  normal.  The  eyes  of  very 
aged  |M;r80ns  are  an  exception,  a«  sucli  people  even  without  any  disease  orten 
show  a  %isuül  acuity  less  than  J.  The  cause  cd  this  lies  mwinly  in  the  lessened 
tnmspareacy  of  the  refractinji:  media  at  an  advanced  age,  and  mure  porticuliirly 
in  the  very  dark -colored  nucleus  of  the  leus. 

lei  order  that  persons  who  have  a  vision  >' >  J  may  not  hav«^  to  go  beyond 
u  distance  of  (i  metres.  !*nellen"s  cards  are  provided  with  .still  Hm«ller  letters — 
namely,  with  the  numbers*  from  3  to  3.  These,  moreover,  cim  be  used  for  tliose 
crises  in  winch  the  jthysiciiuv  does  not  luive  a  room  G  metres  in  length,  but  has 
at  his  commiind  one  of,  Kay,  only  5  or  4  metres.  For  perHons  who  can  not  read, 
tliere  are  cards  with  curved  and  angular  figures. 

The  illumination  must  l>e  considered  in  making  the  teMs  for  vision.  Arti- 
ficial iUumimition  is  the  best  one  for  the  letter-card,  because  this  can  always  be 
made  of  the  same  .«trength,  while  the  illumination  produced  by  daylight  varies 
according  to  the  weather  anil  the  hour  of  the  day.  On  a  dark  day  we  must 
make  our  own  visual  |Mjwer  the  basis  of  estimation  in  determining  the  result» 
obtained  with  the  patient.  If  a  physician,  who  with  jjood  illuminntina  has 
Ä=  J,  sees  on  n  cloudy  day  only  J  (}),  the  visual  acuity  of  the  jMitiint  found 
upon  the  same  day  must  also  be  increased  by  one  third. 

•  For  the  methi«!  of  testinp  this,  s^'  is  l.iri. 


[)       ANOMALIES  üF    RKKRACTION   AND  ACCOMMODATION. 

Tht»  visual  acuity  i»s  determined  hy  Snelleu's  card  is  usually  given  without 
reducing  the  fractions ;  thuss  we  write  A'  =  ,*j  or  8  =  ^,  not  .S  =  ■j'j  or  ^.  Tlii« 
18  doue  with  the  object  of  showing  hy  the  fraction  in  what  way  the  vijual  Mcuitj 
has  been  obtained — i.  c,  what  number  was  read  and  at  what  diutance  this  vnu 
done. 

To  know  the  ubtoluU  rmtal  ncuity  of  an  eye  we  must  test  it  in  a  cundttion 
of  emmetroitic  refniction  and  with  the  accommodation  completely  relaxed.  For 
the  latter  jmrjuise  the  i-yc  Khoiild  he  made  to  lo<>k  «t  infinite  distance.  Sine«* 
thin  can  not  he  carried  *nit  in  imictice,  we  satisfy  ourselves  with  hanging  Snel- 
len'« card  at  a  distance  of  Ü  metres  from  thf  patient  whom  we  are  examiaiag. 
The  raya  im|nnpiiig  upon  the  eye  from  this  dintancu  subtend  such  a  small  aii^le 
that  for  practical  purposes  they  may  be  regarded  as  parallel — i.  e.,  us  coming 
from  infinite  distance.  If  the  eye  under  examination  is  not  emmetropic  but  baji 
au  error  of  refraction,  it  inui<t  first  be  corrected  by  glasses  up  to  the  |ioint  of 
emmetropia  ( K).  The  visual  acuity,  which  an  araetropic  eye  »howH  without 
glasses  lÄ  its  relutice  rimuii  aruity,  and  furnjslies  no  measure  whatever  of  tlie 
general  Udefulnesji  of  the  eye  for  vision. 

{i)   Aifomnnjilotion. 

140.  Suppose  that  we  hob]  jui  ojwii  bciok  at  a  distance  of  about  40 
centimetres  from  one  eye  and  the  point  of  a  pencil  at  about  half  this 
distance  between  the  book  and  the  eye,  the  other  eye  in  the  mean  time 
being  kept  elosed.  Wc  can  soon  convince  ourselves  that  the  print  of 
the  book  and  the  point  of  the  peucii  are  never  seen  elearly  at  the  same 
time.  AU  that  wo  can  do  is  to  see  either  the  print  or  the  point  dis- 
tinctly, and  it  takes  some  time  to  "focus"  from  one  object  to  the 
other,  and  in  iloin^  this  a  change  is  felt  U)  take  place  in  the  eye.    This 


Km.  i<ia. 

The  e]re  being  focuaed  for  a  certain  dlstonci*.  B,  rsys  enianatiu^  frnni  a  otwrrr  ptilllt,  S.  form  a 
ditTiiAioo-circIt»  upon  thi^  rvtiria 

change  is  the  accommotlation,  which  is  alternately  thrown  into  a  BiAte 
of  tension  and  relaxation,  by  which  means  the  optical  adjustment  of 
the  eye  is  altered. 

Why  is  it  that,  when  we  have  our  gaze  fixed  upon  the  print,  we  do 
not  see  the  point  of  the  pencil  before  us  distinctly?  Because  we  sei«  it 
in  (lifTu.*{on-ctr(le^.     What  does  this  mean?     If  the  eye  (Fig.  138)  ia 
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focused  for  the  rava  emanating  from  the  book,  /f,  they  are  united  upon 
the  retina  at  A.  Tlie  rays  coming  from  the  point  <>f  the  pencil  (S), 
which  is  nearer,  have  a  greater  divergence,  and  lieuce  if  the  condition 
of  the  refracting  media  remains  the  same,  are  rendered  somewhat  leas 
convergent  by  the  tatter;  they  would  therefore  nnite  at  s — that  is,  be- 
hind the  retina.  As  a  matter  of  fact,  the  cone  which  they  form  has  its 
apex  truncated  by  the  retina.  The  section  thus  made,  which  repre- 
eents  the  imago  upon  the  retina  of  the  point  «,  ig  circular  because  the 
base  of  the  cone — namely,  the  pupil — is  circular ;  hence,  we  say  that 
the  point  .S'  ap|>ears  upon  the  retina  under  the  guise  of  a  diffusion- 
circle.  That  vision  s^hould  be  rendered  indistinct  by  the  diffusion- 
circles  is  easy  to  understand.  Suppose  that  there  are  two  points  so  far 
distant  from  each  other  and 
from  the  eye  that  when  the 
latter  is  accurately  focused 
tlioy  appear  as  two  sepa- 
rate punctate  images  upon 
the  retina  (Fig.  I'.i'A  A); 
the  point»  are  then  readily 
recognized  as  two.  But  if, 
in  crjnse(|uencc  of  the  eye's 
being  incorrectly  focused 
for  the  jiosition  of  either 
point,  a  diffusion-circle  is 
fornied  upon  tlie  retina,  the 
ro  circles,  proviilcd  they  are  but  a  short  distance  from  each  other, 
Htly  overlap  (Fig.  lliü  B),  and  tlie  eye  imagines  that  it  has  befure  it 
only  one  elongated  point.  A  line  (Fig.  139  ('),  when  seen  in  diffusion- 
circles,  does  not  look  distinct,  but  a]ij)cars  broadened  and  hazy ;  for  we 
may  conceive  a  line  to  be  composed  of  an  infinite  nutnln'r  nf  puints 
jilaced  side  by  side,  and  if  each  one  of  these  is  seen  as  a  diffusion-circle, 
and  the  circles  to  a  great  extent  overlap  (A>),  the  narrow  line  is  con- 
verted into  a  broad  band  (K). 

Vision,  then,  is  always  in  diffnsion-circles  when  the  eye  is  not  proji- 
erly  focused  for  the  object  of  fixation.  Thi.s  may  occur  not  only 
through  iinproper  accommodation,  as  in  the  example  selected,  but  also 
an  account  of  faulty  rcfnirtion,  such  us  myopia  or  hypcrmetro])ia.  All 
indistinct  vision  which  is  caused  by  an  anomaly  of  refraction  or  accom- 
modation is  produced  by  diffusion-circles.  The  larger  the  diffusion- 
c'ircles  are,  the  more  indistinct  is  the  vision.  We  must,  therefore,  in- 
<piire  upon  what  the  sizr  of  the  diffn»ion~nrcle3  depends: 

1.  The  diffusion-circles  are  hirger  in  proportion  to  the  remoteness 
from  the  retina  of  the  focus  of  the  rays  emanating  from  the  object.  Sup- 
pose (in  the  instance  above  adduced)  that  the  eye  is  focused  for  the  book, 
80  that  the  point  of  the  pencil  (>',  Fig.  14<')>  appears  in  diflfusion-circlea. 


Fio.  18».— DirrtiBioK-ciRCLEa. 
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believe  that  they  become  less  uear-siglited  with  increasing  years  because 
they  see  better  at  a  flistance ;  but  this  is  often  simply  due  to  the  cir- 
t'iini«tauce  that  their  jnqnls  «liniinish  in  size  with  age.  Far-sighted 
persona  who  are  compelled  to  read  close  to  them  without  convex  glasses 
try  to  get  as  brilliant  an  illumination  us  possible,  so  that  their  ])npila 
may  become  very  greatly  contracted  and  thus  diminish  the  size  of  the 
diiTusion-circles.  The  same  object  is  secure<i  to  a  still  greater  extent 
by  placing  a  fine  stenopieic  aperture  before  tlie  eye.  This  allows  only 
a  very  narrow  beam  of  rays  to  ]>ass,  and  reduces  the  diffusion-circles  so 
greatly  that  they  no  longer  exert  a  disturbing  effect.  If  we  repeat  the 
experiment  ma<ie  above  of  attempting  to  look  simultaneously  at  the 
book  and  the  pencil-point,  and  while  we  are  doing  it  hold  a  minute 
aperture  Ijefore  the  eye,  we  see  the  print  and  the  pencil-point  distinctly 
lit  the  same  time.  By  means  of  a  stenoprvic  aperture  myo])ic  persons 
can  see  distinctly  at  a  distance  even  without  concave  glasse.»?. 

The  pupil,  being  the  base  of  tho  cone  of  light,  determines  not  only 
the  size  but  also  the  shape  of  the  diffusion-circle,  which  accurately 
mirrors  the  Kluipe  of  the  ]nipil.  In  tfiii'  way  it  happens  tluit  persons 
with  irregular  pupils  (owing,  for  example,  to  posterior  synechia-)  are 
very  well  able  themselves  to  perceive  these  irregularities. 

In  making  the  above  experiment  with  the  [lencil  and  book,  avc  feel 
that  the  eye  is  called  upon  to  make  an  aclivf  effort  wlien  it  is  directed 
by  a  process  of  adjustment  from  the  more  distant  book  to  the  less  dis- 
tant pencil.  In  the  same  way,  although  not  quite  so  distitictly,  we  feel 
a  rehi.xation  of  this  effort  when  adjnstnirnt  is  made  for  the  book  again. 
It  may  be  concluded  from  this  that  the  change  of  adjustment  from  a 
more  distant  to  a  less  distant  point  is  an  active  process — i.  e.,  a  muscu- 
lar effort.  On  the  other  hand,  the  relaxation  of  the  accommodation 
by  which  the  eye  is  again  ailjusted  for  a  greater  distance  consists  in  a 
relaxation  of  the  contracted  nnisde.  When  in  a  state  of  jKrfect  rest, 
the  emmetropic  eye  is  aidjusted  for  infinite  distance.  This  condition 
of  adjnstment  we  find  existing  when  the  ciliary  muscle  is  com]detely 
relaxed  cither,  naturally  from  paralysis  of  the  ucukunotor  nerve,  or  arti- 
ficially front  the  use  of  atropine. 

The  mn'huuiiitu  of  atTomi)ioif(i/wti  wa.*  determined,  once  for  all,  by 
the  investigations  of  Ilelmholtz.  It  depends  upon  the  elasticity  of  the 
lens,  owing  to  which  the  latter  always  tcmls  to  approximate  to  the 
slnqie  of  a  sphere.  In  the  living  eye  the  lens  is  inclosed  in  a  capsule 
which  is  attached  to  the  ciliary  body  by  the  fibers  of  the  zonula  t>f 
Ziiitr.  These  fibers  are  tightly  stretched,  and  hence  exert  a  uniform 
traction  from  all  sides  upon  the  capsule,  so  that  the  latter  and  the  K-ns 
as  well  are  flattened.  The  elasticity  of  the  latter  can  only  make  itself 
apparent  when  the  tension  of  ihe  fibers  of  the  zonnla,  and  hence,  too, 
of  the  r'apsule  of  the  len.s,  is  relaxed.  This  takes  place  most  completely 
after  division  of  the  fibers  of  the  zonula.     When  we  remove  the  lens 
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from  the  evt«  of  a  young  person,  we  see  it  asinme  a  spherical  ghape  im- 
niodiat^ly  ui)on  the  dirii$ion  of  its  connections.  The  same  thing  is 
(>bser\'t?d  iu  traumatic  luxation  of  the  lens  into  the  anterior  cluunber. 
In  the  act  of  accommodation,  the  relaxation  of  the  zonnia  is  elTected 
by  the  contraction  of  the  ciliary  muscle.  It  i«  the  annular  layer  of 
fibers  of  the  latter  (Mailer's  portion;  see  Mu,  Fig.  47)  that  is  mainlT 
of  account  in  accom]>lishing  this.  When  this  fiber-layer  contracts,  it 
les*iiMi3  the  size  of  the  circle  formed  by  the  ciliary  processes  by  approxi- 
nmting  their  apices  to  the  border  of  the  lens  (shown  by  the  black  line 
in  Kig.  142).  In  this  way  the  space  between  the  ciliary  bo<ly  and  lens, 
which  is  bridged  over  by  the  fibers  of  the  zonula,  is  contracted  and  the 
sonular  fibers  themselves  are  relaxed.     It  is  the  ta^k  of  longitudtiuJ 


fto.  |4Sl— MrnBNATK-  RcpauaNTATioN  or  the  Phocbh  or  Aocomiiodatiom. 

fUm  rtiHHn»  »f  lite  iMrtt  when  tht-  ocoonimodaUün  in  mt  rest  is  (UftLputled  by  lb«')ih*dMl  par> 
Uuua.  «lilt  tin-  rf(«r(nit  whrn  iherv  is  an  efTort  of  ao(.>oitim»<1ation  f»y  Ü»e  black  Ilniv  Th«» 
IuUm'  «lixtk«  iIk'  t'lllMry  priK-<-aM<s  and  al>>o  the  et^uator  of  the  lens  pushed  toward  thf  Axbiof 
Um  i\»r  Miilh  mirf»«-oi  t<{  the  lefts  are  inur«  curved  and  the  anterior  mirface  ls|HM))«*d  for- 
m»tii  't'hi*  IriDtN  hrtwler,  aod  at  ita  pupillary  border  to  di«pUc«d  forward:  M  IM  oUluy 
WitUm  ItMcliwaiit 

!(|IM«  i^  tin»  ciliary  muscle  (Briicke'a  portion  ;  Jf,  Fig.  47)  to  reinforce 
lilv  »vliou  of  the  rirculiir  fibers.  The  former  have  their  anterior,  fixed 
iii.«>iii..i»  III  ilu»  oornoo-sck'nil  margin,  while  their  posterior  extremity 
1  iu  till«  movable  chorioid.  By  the  contraction  of  tlioso  fibers 
\i|i;^  U..  M  ttf  the  filisiry  body  and  the  most  anterior  portion  of  the 

t^fliorn  kwii  forwiinl,  iim\  thus  the  relaxation  of  the  fibers  of  tho 

tie  upon  the  .surfuce  of  these  structures  is  facilitated  ; 

i«nrt  of  the  work  of  accommodation  always  falls  upon  the 
iif  the  ciliary  nniscle,  for  which  reason  we  find  these 

irly  well  developed  in  eyes  which  have  to  accommodate  a 

<.,  those  of  hypcrnietropea  (we  Fig.  153). 
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By  the  relaxation  of  the  zoiuila  the  tension  of  the  lens-capsule  is 
ilrtuinished,  80  that  thf  lens  is  enabled  in  conformity  with  its  elasticity 
to  assume  a  innr«'  inirvt'il  shape.  At  the  same  time  there  is  necessarily 
produced  a  corresponding  decrease  in  the  equatorial  diameter  of  the 
lens.  The  »equator  of  the  lens,  accordingly,  recedes  inward  towjird  the 
axis  of  the  eye,  and  is  thus  kept  from  coining  itito  contuct  with  the 
ciliary  processes  as  they  advance. 

The  increase  in  curvature  affects  both  the  anterior  and  the  posterior 
surfaces  of  the  Ions,  but  the  former  to  a  much  higher  degree  (Fig.  142). 
The  posterior  surface  of  tlu;  lens  does  not  change  its  place  in  the  fossa 
patelliformis  of  the  vitreous,  the  increase  in  thickness  of  the  lens  being 
etTet'ted  simply  by  the  advnnceuient  of  its  anterior  surface.  Hence,  the 
anterior  chamber  becomes  correspondingly  shallower;  at  the  periphery 
alone  is  there  a  deepening  of  the  chamber,  inasmuch  as  here  the  iris 
recedes  a  little.  The  sphincter  piipiilfe  and,  if  vision  is  performed 
with  both  eyes,  the  two  internal  recti  also,  contract  in  conjunction  with 
the  ciliary  muscle.  The  act  of  accommodation,  accordingly,  is  regu- 
larly accümpaiiied  by  a  contraction  of  the  pupils  and  a  movement  of 
cQUvergenr-c. 

141.  Measurement  of  the  Accommodation. — In  order  to  measure  the 
magnitude  of  accommndation  we  must  detoi'mine  two  points.  One  of 
tbe.se  is  the  remotest  ]>oint  which  the  eye  can  see  with  distinctness — 
i.  e.,  the  point  for  which  the  eye  is  focused  when  the  accommodation 
is  completely  relaxed  {far-pointy  or  punctum  remotum  ;  R).  The 
second  is  the  nearest  point  which  the  eye  can  see  with  distinctness 
wlieti  exerting  its  entire  accommodation  {near-point,  or  punctum  proxi- 
muni ;  /'). 

In  the  emmetropic  eye,  with  which  alone  we  shall  for  the  present 
concern  ourselves,  R  lies  at  an  infinite  distance,  since  the  emmetropic 
eye  when  in  the  state  of  rest  is  focn.sed  for  parallel  rays.  Such  an  eye, 
accordingly,  can  see  the  letters  of  Snellen's  card  distinctly  when  the 
latter  is  hung  up  at  a  distance  of  G  metres,  which  in  practice  is  regarded 
as  infinitely  great. 

Wfiile  the  position  of  R  Is  tlie  sanu^  for  all  emmetropic  eyes,  that  of 
1*  varies  greatly.  It  is  determined  by  bringing  fine  print  closer  and 
elf)ser  to  the  eye  until  the  limit  of  legibility  has  been  reached.  Sup- 
pose, for  example,  this  occurs  at  10  centimetres  (/'  =  10  centimetres). 
The  space  lying  between  R  and  R — i.  e.,  in  tlie  example  selected  the 
space  between  oo  and  10  centimetres — is  called  the  w/iom  vf  (wcommoda- 
tion.  Hut  the  extent  of  this  region  affords  no  measure  for  the  amount 
of  work  done  by  accomnimiation ;  this,  in  fact,  being  measured  by  the 
increa.»«e  of  refractive  power  which  the  eye  undergoes  in  passing  from 
the  state  in  which  the  accommodation  is  at  rest  {R)  to  the  st^to  in 
which  the  utmost  effort  of  accommodntion  is  made  (/*).  The  amount 
of  increase  of  refractive  power  is  called  amplitude  of  accommodation 
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(J),  and  is  accordingly  the  ditfereiiee  between  the  refractive  jKiwer  of 
tliu  eye  when  the  ucconimudatiou  is  exerted  to  itd  utmost  and  whou  it 
is  at  rest — i.  c,  A  =  P  —  li.  For  fi  and  P  in  this  equation  should  \)r 
Bubstitutetl,  not  their  linear  values,  but  the  number  of  dioptres;  th« 
being,  in  fact,  our  measure  of  the  refracting  power. 

The  method  of  determining  th6  umplitude  of  accommodation  requires  sot 
i-\|ilaiiutii>n  whicii  is  best  j^ivcu  liy  coufrete  examples.  Let  u»  assume  the  three 
following  C4»s<?8  repri'senti'd  ^'mphicully  in  Fig.  143:  1.  An  emmet  rope  twenty 
years  of  age,  whose  f»r-|)oint  lies  ut  an  intinite  distance  and  nenr-point  at  10 
ccntimetreH  from  the  eye;  2.  An  emitiflrojje  thirty-eeven  years  of  age,  wLixu* 
Ji=z  cc  and  P  =  20  centimetres;  and  la.stly,  3.  A  myope  twenty  years  of  a^', 
whose  Ä  =  10  centimetres  and  P  —  ^  rentimetres.     The  region  of  accommuda- 


Fu;.   IW    -  He(;ii>n  hk  Ai  ruMMolMTioS 

I.  In  Uli  Hinimftrofw  of  twMKy  yi«r»  ;  ",'.  an  i>miii«^lropu  of  thlrty-wveo  y*mn  :  3.  a.  uiyoup  of 

twenty  y««««. 


lion — i.  c.,  the  »pnce  l3ring  between  ß  and  P — is  of  n  ven-  differrnt  extent  in 
these  three  rniies.  In  ojises  one  iind  two  it  is  infinitely  large,  since  it  extemls 
to  fin  infinite  distanci*.  whilr  in  eij>»c  thrt-e  it  amount«  to  only  5  centinu'tn's«.  If. 
therefore,  wo  were  to  ri'ckon  tlie  work  done  in  «ccommmhition  by  the  extent  of 
the  rt'gion  of  siccomnKKhition.  wi'  would  »rriv«-  at  the  erroneous  view  llmt.  with 
ri'gurd  to  the  former  as  well  iih  the  latter,  there  is  an  enormous  «litTerence  l>c- 
tween  th<'  Hr»tt  two  ciise»  on  the  out'  liund  hikI  the  third  ciiHe  njMin  the  other. 

But,  !i><  a  mutter  of  fuct,  the  roue  is  nuilr  ilitTirciM.  n«  rim  Ik-  g.")tlieri*d  from 
tlip  e\|)erimfntul  test  of  tin-  aocotntiiixhttion  iidduOL'tl  iibovr.  Suppose  that 
while  we  doHe  one  eye  we  hold  VM-fori'  tin-  other  !i  book  at  a  distunee  of  20 
Cfutinu'trei»,  itivd  :i  poncil  p<jint  midway  between  the  lionk  ami  the  eye— i.e.,  at 
a  dii*t4mcc  of  W  centimi-tri's  from  tlie  hitter.  We  then  firxt  look  out  intra  Apace 
over  the  book,  so  that  the  at'rommndation  Is  completely  rehixetl.  and  tlien  fix 
our  gaze  tifwin  the  print  of  the  hook.      In  so  doing,  we  have  n  .«wnse  of  net-om- 
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modativc  effort  in  the  eye.  We  now  turn  our  glanet-  from  the  book  to  tlip 
|H"ncil-|H)jnt,  and  endeavor  to  si>c  the  lattiT  dLstinetly.  If  this  is  jiossildp  iit  *ll. 
it  cD.sts  UH  a  vi-ry  coiwiideraljle  effort  which  will  tax  thi-  t'uerj^ies  of  most  jK'roons 
niort*  than  doen  the  fifort  rcquirtd  to  adjust  tlie  eye  from  infinite  dislance  to 
the  hook.  Ilfnce,  the  act  of  chjnijjinjj  the  aecummodation  from  20  centimetres 
to  1Ü  eintinietres  cost.-«  u.n  nt  leaat  a«  iMiich  fffurt  atk  tiie  chuuj,'e  from  intinity  to 
20  ceutiiuetrt's.  From  this  it  is  clear  that  we  are  not  justitied  in  taking  the 
linear  distance  between  the  points  of  fixation  a«  u  meusure  of  the  accommo- 
diUive  etTort,  and  that,  therefore,  the  region  of  aocoinmodatinn  van  not  suTve  »h 
an  expression  of  the  work  done  in  uocomniodation. 

We  get  H  correct  idea  of  the  amount  of  accommodation  that  is  called  into 
piny  if  we  take  into  consideration  the  increase  produced  in  the  refractivity  of 
the  eye  by  the  acc(imm<Kiation.  This  iucrt-XHC  of  refractivity  in  effected  by  «n 
increase  in  the  curvature  of  the  len»,  a  thing  which  we  can  olso  conceive  of  as 
BCComplishe<l  by  the  addition  to  the  unchanged  lens  of  n  necond,  weaker  convex 
lens.  This  "supplementary"  crystalline  lens  (^,  Fig.  144),  represents  the  in- 
croHüe  in  refractivity,  and  would  form  the  bent  measure  of  the  accommodation. 
Now.  of  course,  we  can  not  determine  the  refractive  jx)wer  of  this  HUpplemeut- 
tary  lens  directly,  but  we  can  determine  what  glans  placed  before  the  cornea  of 
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the  eye  wouhl  produce  tlie  xanu'  increiwie  of  refractive  power  as  would  such  a 
}*U]tpteinentiiry  lens,  ctmceivcd  to  exist  in  the  eye.  What  proceeding  to  »dopt 
in  doini;  this  may  be  shown  by  cjise  one  of  thoKC  ast^umcd  sd)ove  (Fig.  143).  In 
thi.s,  when  the  accommodation  is  making  its  utmost  efTort,  the  refrnctivity  of 
the  cy<'  is  increased  by  the  sujiplementiiry  lens  to  such  an  extent  that  rays  em- 
uoating  from  P — that  is,  from  a  distance  of  10  centimetres  from  the  eye — are 
united  upon  the  retina  (Fig.  144^.  Wc  now  pjimly/.e  tlie  atTimunoilalion  in 
this  eye  with  atropine.  sr>  that  the  eye  remains  steadily  fncused  for  infinite  di.««- 
tance,  and  try  tu  find  the  ccinvex  gla.v.s  with  which  the  <-ye  is  enabled  1o  see 
the  |)oint,  /',  distinctly.  We  find  tfnit  f<tr  this  ])nrposc  a  glass,  L,  of  a  focal 
di.sfance  of  10  centimetres  =  one  of  10  I)  is  necessary  (Fig.  145.)  If  this  glass  is 
placed  in  front  of  the  eye — i.  c,  10  centinjetres  ixdiind  the  point  P — the  latter 
will  lie  just  in  the  principal  ff>cus  of  the  glaw.*    The  rays  < pp.  Fig.  145)  etim- 


♦  Properly,  If  we  take  into  account  the  distance  of  the  lens  fPom  the  eye.  we 
should  have  tu  choose  a  lens  of  »horten  focal  distanc«* — e.  g..  when  the  dt>tance  be- 
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niiting  frt»m  /'  sire  liencp  iiiatle  jmrallcl  by  the  glos»,  and  Ix-ing  so,  are  united  by 
the  nnn-accomnioclnting  «'ye  upon  its  rvtina.  The  lens  I.,  therefore,  doc«  tlw? 
same  work  a«  the  natural  accommodation  (represented  by  the  supplomeutury 
crystiilline  lens,  t),  and  can  accordingly  be  taken  as  the  measure  of  the  latter. 
Accomniodation  measured  in  this  way  we  call  mnplitude  (or  nth^e]  of  a<>cc>umio- 
dation.  Thi»,  therefor«-,  wonld  Ik*  in  the  first  case  i4  =  10  X>.  In  the  second 
case  (Fig.  143,  2)  as  may  be  .-ihown  in  the  san»u  way,  A  =  5/).  Uence,  in  the 
emmetropic  eye,  A  is  exjiressed  by  the  lens  whose  focal  dintance  equals  the 
distance  of  the  near-point  from  the  eye ;  or,  A  =  P,  when  P  is  expre»M-d  in 
dioptres. 

What  relation  does  A  bear  in  the  thinl  case  (Fig.  143,  8)?  Here  /*i.s  s,itu. 
ated  at  5  centimetres,  and  lieiK-e  P  =  'iO  D.  But  this  value  can  not  be  regarded 
as  the  expression  of  the  work  done  in  accommodation,  sdnce  the  eye  in  (lucütiou 
being  short-sighted,  is,  even  when  tiic  arcuniHiiKiulion  is  at  rest,  adjusted  for  a 
distance  less  than  infinity — i.  t.,  for  10  ceiiliinetres.  This  eye,  when  its  accom- 
Tnodation  is  at  rest,  nets  like  a  iioii-sjccomuiodaling  emmetropic  eye  before  winch 

been  placed  a  lena  of  10 />  (Fig.  14d):  for  this  eye,  tiierefore,  we  can  amy 
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R=.  lO/>.  Hut,  IS  hen  making  it«  utmost  accommodative  effort,  this  eye  acta 
like  a  non-acc^nUModativc  eniiiietrojiic  eye  before  which  has  Xwvn  placed  a  gliws 
of  iO  W.  Obviously,  in  order  to  dt-termine  the  work  done  in  acoomm<Klatiun — 
L«  the  incrra«)  in  refractivity  in  passing  from  R  to  P— we  must  eabtract  from 
the  value  corresponding  to  P  the  value  of  R,  or  J  =  20Ö—  10  7>  =  10/>. 
Hcnff  wo  miiv  iMiutu'iate  ihe  foHowing  formula  as  repreaenting  the  general  law: 

A  =  P-  R, 
in  «liich  /'and  H  wro  expressed  iti  dioptres.     This  formula  holds  good  for  all 
•«■ditlon-H  i^f  the  refnittiun.      For  tli<'  emmetropic  eye  it  is  simplified  by  the 
iLji  that  the  liilt«T.  vvhen  the  ii<-ronimodation  is  at  rest,  is  adjusted  for  infinite 
M^  Ml  that  R  =  ^'  A  and  rons<'<]Uently  A  =  P,  as»  we  found  above. 

Iw  us  take  another  survey  of  the  three  cases,  and  Compare  the  region   of 

.M-Mumixinlion  with  the  range  of  accommodation.     We  find  that  the  former  ia 

. ,  -  >i  \\vv  in  the  tJrst  two  cases,  and  only  5  centimetres  in  the  third  cumt. 

\  u\  the  rtrst  on-se  is  10  Z>,  in  the  si'cond  only  half  as  great— i.  e.,  57* — 


\.». 


'   tW  ibiid  (Ntae  again  is  as  great  as  in  the  flnit.     Accordingly,  from  th« 
i.and  ibe  n«Klal  |iooit  of  the  eye  amounts  to  1  centimetre,  on«  of  0 
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range  of  accomraodtUion  we  get  an  entirely  different  and  in  fact  n  more  correct 
conception  of  tlie  work  done  in  the  accommodjilive  act  than  we  do  from  the 
region  of  iiccommodation.  This  is  owing  to  the  fact  that  diiTcrent  porticins  of 
tlie  region  of  aecutuniodation  reprenent  entirely  ditTtreiit  values.  It  takes  as 
much  uccominodative  effort  tc)  bring  tlie  iUTotuniodiitiou  from  10  centimetres  to 
5  centimetrcH  (ciise  three)  a-s  to  accoinniodate  from  infinity  to  10  centimetre» 
(cue  one):  the  value  in  both  case**  being  10  i>.  This  fact  is  in  harmony  with 
the  «en-tations  that  we  experience  in  our  eye»  when,  in  the  exjieriment  previ- 
oualy  adduced,  we  look  successively  at  infinite  distance,  at  tlie  book,  and  finally 
at  the  pencil-point.  Di«])lacement  of  the  accommodation  through  1  centimetre 
of  the  region  of  accommodation  is  significant  of  an  effort  which  is  the  greater, 
the  nearer  thi«  centimetre  is  situated  to  the  eye. 

The  region  of  iR-commodation,  however,  gives  u»  a  good  idea  of  the  atviU- 
ahUitt/  of  necoinnuHiation.  In  ca;*e  one  the  region  of  accommodation  is  so  situ- 
ated that  the  eye  »ees  clearly  at  uU  distances  which  can  be  considered  to  exist 
in  ])ractic«l  life.  But  in  case  three  the  region  of  accommodation  lies  »o  close  to 
the  eye  that  practically  it  has  no  value  whatever;  this  eye  would  be  no  worse 
off  without  accommodation.  (This,  of  course,  holds*  good  only  upon  the  sup- 
position that  corrt'cting  glasses  are  not  worn,  as  by  thes«  tho  location  of  the 
region  of  accommodation  is  shifted.) 

Ptt.*CTiCAL  DETRRMrsATioN  OF  R  AND  P. — Sincc  the  refraction  of  the  eyeu 
commonly  determined,  is  its  refractivity  when  the  accommodation  t.i  at  rest — 
i,  e.,  when  the  eye  is  focused  for  the  fur-point — the  determination  of  the  re- 
fraction aud  of  the  far-point  are  synonymous;  if  the  latter  has  been  got  at,  the 
refraction  is  deterniincd  hj^  well.  Emmctropia  i.s  present  w  hen  li  lies  at  infinity. 
How  do  we  ascertain  whethrr  this  is  the  case  or  not?  Primarily  by  the  fnct  that 
such  an  eye  can  read  No,  0  uf  Snellen's  test-types  at  6  metres  (a  dij-tance  which 
is  regarded  as  equivalent  to  infinity).  In  this  case  the  condition  in  which  li  is 
nearer  than  infinity  (niyojtia)  is  excluded  by  the  test,  because  then  No.  0  could 
not  be  seen  ilistinctly  enough  to  be  read.  On  the  other  hand,  hypermetropia  is 
not  excluded,  since  this  can  be  so  far  corrected  by  an  effort  of  accommodatiou 
that  the  eye  is  focused  for  infinite  distance  (B«e  §  147).  But  in  this  case  No.  6 
would  iilso  be  seen  distinctly  with  convex  glasses — a  thing  which  would  not  be 
posisible  for  an  emmetropic  eye.  ITcnce  we  must  say:  Emmetriipia  is  present — 
i.  e.,  y;  =  a:  ^wheu  Snellen's  No.  ft  is  read  at  a  distance  of  0  tnctrea  with  the 
naked  eye,  but  not  with  the  weakest  convex  glass. 

/'  is  determined  by  the  lowest  niimlx-rs  of  the  reading  tests,  but  the  rod- 
optometer  may  also  be  ora]»loyed.  This  latter  consists  of  fine,  threads  which 
are  stretched  in  a  metal  frame,  and  which  are  brought  closer  and  cloaer  to  the 
eye  until  they  cease  to  appear  j>erfectly  diKtinct. 

When  P  has  receded  to  such  a  distance  from  the  eye  that  small  objects  like 
fine  print  or  the  threads  of  the  rod-optometer  appear  under  too  minute  an  angle, 
and  hence  can  not  be  seen  distinctly  at  all,  the  following  expedient  is  adopted: 
We  place  before  the  eye  a  convex  glass — e.  g..  one  of  6Z>,  by  which  near  vision 
is  rendered  distinct— and  tlien  determine  the  near-point.  This  is  found  to  be, 
.say,  Itt  centiaietrcH,  The  refraction  corresponding  to  this  distance  is  0'5  D,  from 
which,  in  order  to  learn  the  actual  near-|ioiut,  we  must  subtract  the  6  D  sup- 
plied by  the  len,H.     Thus  P  =  6-5/)  —  6Z>  =  0-5ZJ  =  50  centimetres. 

Rei,.\tivr  AcroMMon.^TioN. — In  the  cour.««  of  our  considerntions  in  regard 
to  the  accommod.ition  hitherto,  we  have  «tarted  from  the  ii.«suniption  that  vision 
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i8  performed  with  only  one  eye.     When  the  two  eyes  are  employed  Bimult 
oiiMly  the  eoovergence  as  well  as  the  accommudation  mui<t  be  taken  into  ae*1 
count.     The«e  two  functioiw  po  hand  in  hand.     When  our  gaze  i»  fixed  iipton 

the  distance,  J  =  «,  and  the 
visoal  axes  are  parallel — i.  e., 
the  convergence,  too,  is  in  a 
-täte  of  rest.  When  we  look 
Ht  a  near- point — e.  g.,  one  situ- 
ated Ht  a  distance  of  20  centi- 
metres— we  are  compelU-d  iKith 
to  arcommmlate  and  to  con- 
verge for  tliLi  distance.  Henoe, 
through  con.<itant  praetice  an 
intimate  connection  i»  effected 
bt'twi-en  accommodation  and 
ctinvcrgence,  so  that  with  any 
L'iven  accommodation  the  cor- 
n-,K|M:mding  effort  of  converjf- 
ence  is  always  made,  and  xice 
versa. 

Thin  connection,  however, 
is  not  one  that  in  rigid  and  iii'J 
susceptible  of  change.  On  tl 
{•«intrary,  wc  huve  the  ability  uf 
«•niMUcii>ating  ourselves  from  it 
within  certain  limitti— tliut  is 
«  hile  in  the  net  of  converging 
for  a  certain  distance,  of  making 
II  little  more  or  :i  little  less  no- 
fonimodation  than  corrcspooc 
to  this  diHtance.  A  man  ii»  made 
to  fix  hiü  gaze  up<in  fine  print 
lit  .-i  distance  of  38  centimetre«. 
Now.  i«uppo8e  that  the  subject 
is  cmmotropic  and  thus  ha.«  hin 
fur-point  ilf}  at  infinity  while 
/'  is  situiited  at  10  centimetres, 
which  corrt'S|K)nds  to  a  ra»ig<e 
>>f  Hccominodiition  (-f)  of  10 /> 
i  Kig.  14«).  Of  this  range  of 
:i<i.-i»mni<wlntion  3  If  will  tje  om- 
ployed  in  iiitiking  convergence 
ill  33  centimetres  ( 100  t- 8»  =  3>. 
iVow,  a  concave  glass  of  1  i>  i* 
IjUiced  l>efore  each  eye.  The 
»»ubjeet  will  for  the  fir>*t  moDient 
luivi;  obscuration  of  vision,  but 
will  soon  fH'c  distinctly,  lie  ha.s  compensated  for  tlio  diminution  of  the  re- 
fnirtivr  pnw<T  of  hin  eve,  caused  by  the  —1  /J  gliLss,  by  exerting  1  /f  mort-  of 
his  (icr<»nmi»>cl:iitinn.       But    the  convergence  n»i'anwbilt<   rt-maiiis   iinr1iiini.'<d  — 
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i.  e.,  it  i»  utill  adjusted  for  88  centimetres.  The  same  phcnoineoon  occurs 
when,  instead  of  —ID,  a  glass  of  +1  />  is  plftcfd  before  the  eye.  The  re- 
friiPtive  jiower  of  the  eye  is  madi-  too  j^rciit  l.»y  the  foiivex  ßla-sif,  and  this  i« 
neiitralizerl  by  the  eye's  reliixinjr  its  HccoriiniocJation  throujirh  1  I/.  In  this  way 
we  fHH  briiiir  stronger  and  stron^T  g-lasses  siiceessively  lit-fore  the  eye  until 
finally  wi- ciime  l<i  those  with  which  distinet  vision  is  no  loufTcr  ]>ossi)»lf.  We 
fhuH  find  the  \imh>i  irrlntirt  ammiuiwltiti'ini  within  whith  the  accumnioilntiun 
may  be  auj^niented  or  relaxed,  the  convergenee  remaining  ihc  same. 

In  the  example  seleeted.  suppose  that  tlie  subject  is  able  t«  «'e  distinctly  at 
a  distance  of  33  centimetres  with  ti  convex  ttUm»  of  2  D.  This  corresponds  to  a 
rilnx!itinn  of  his  acconiniodiitiori  from  'A  D  to  1  T) — thiit  is.  bis  relative  f.ir- 
point,  R\,  lies  at  a  distance  eijuiviik'nt  to  1  />,  or  I  n;etre.  from  the  eve.  Sup- 
pose tlmt,  on  the  other  hand,  the  subject  with  the  same  degree  of  convergence 
overcomes  concave  glasses  of  3  A  a  thing  which  is  effected  by  an  augmentation 
of  the  acconiniodation  from  3  to  ö  D,  his  relative  near-point.  Pi,  then  is  at  a 
distance  equivalent  to  6  Z)  =  17  centimetres.  The  relative  range  of  accommo- 
dation Ji  =  Pi  —  i?i  =  6  i>  —  1  VJ  =  5  i>.  This  is  the  relative  range  of  ttcconi- 
niodalion  for  a  convergence  of  38  centimetres;  for  a  different  convergence  tlie 
relative  near-point,  far-jmint,  and  range  would  be  different  still.  On  the  other 
bund,  there  is  only  one  absolute  far-|>oint,  near-pointy  and  range  of  accommo- 
dation. 

The  region  of  relative  accoinmodation  is  divided  by  the  point  upon  which 
convergence  is  made  into  two  segments.  One  lies  upon  the  pro.ximal  side  of 
the  point  of  fixation,  and  thus  in  the  example  selected  extends  from  3  lo  (1  D. 
It  rejiresents  the  amount  of  accommodation  which,  if  necessary,  one  can  still 
pres,s  into  service  while  keeping  the  convergence  the  sjune — i.  e. ,  it  represents 
the  amount  of  accommodation  which  one  may  be  sjnid  tc»  have  in  reserve.  It  is 
hiiHw  denoted  as  the  positive  portion  ( -(- .  Fig.  I4Ü)  of  the  n-lative  range  of  ac- 
«•oniniodation.  The  other  segment  lies  on  the  distal  side  of  the  point  of  rtxa- 
tion.  and  in  our  case  extend.s  from  3  to  I  /.*.  It  is  that  part  of  the  relative 
necojnniodation  which  hiks  already  been  empdoyed  in  maintaining  the  given  de- 
gree of  convergence — i.  e.,  it  is  its  negative  portion  (— .  Fig.  146K  Hence, 
with  u  convergence  of  33  centimetres  the  [lositive  portion  of  the  n-lative  Hccom- 
modation  amounts  Uy  3  />,  the  negative  jMjrtion  oidy  to  2  D.  L'pon  the  relation 
of  the  two  segments  lo  one  another  depend«  the  ability  <if  the  eye  to  work  con- 
titniously  and  without  exhditistioQ  while  keeping  \\\\  the  necessijry  convergence 
and  ar<'onunod.ition.  A  man  is  able  to  make  frequent  siicce,s.«ive  rei>etitions  of 
a  bodily  effort  only  when  this  effort  does  not  lie  near  the  limits  of  his  working 
(•a|)acity.  If,  for  cxamiile,  one  has  to  set  in  motion  the  wheel  of  some  machine 
wliicb  tnoves  with  such  difficulty  that  he  is  able  t«  make  it  revolve  only  by  the 
exertion  of  his  whole  strengtii.  he  will  possibly  be  able  to  do  this  two  or  three 
times  in  succes.sioii,  but  then  will  become  exhausted.  If  a  laborer  is  to  keep 
the  wheel  in  motion  for  an  hour,  each  ri>volulion  of  it  must  ii<it  take  more  than 
?i  moderati*  porJinn  of  his  entire  strength,  so  that  another  purtion  of  his  strength 
shall  remain  in  reserve.  This  fact  alsti  holds  good  for  the  eyes.  It  is  impossi- 
ble to  use  them  continuously  except  for  a  distaince  at  which  the  jiositive  jairtion 
of  the  uceommoilatioD  is  at  least  &»  great  a«  the  negative  portion,  otherwiec  ex- 
haustion ru))idliy  supcrvencR. 

When  the  gaze  is  tixed  upon  infinite  distance,  the  negative  portion  of  ,li  is 
equal  to  ?-ero.  since  then  the  accommo<lation   is  compU-tely  relaxed.     All  the 
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rolutivei  accommodation  therefore  is  pnaitivp.  and  accordingly  exhaustion  of  th*« 
eyes  is  impossible.  Thus,  no  one  will  complain  that  his  eyes  get  tired  from 
wnlking.  For  a  convergence  of  33  centiniotre«,  it  has  been  shown  above  that 
the  positive  portion  of  the  relative  accommodation  (.-It)  in  half  as  large  again  aa 
the  negative  portion,  for  which  reason  work  can  be  carried  on  continiioualy  at 
this  dLstance  without  exhauHtion.  When  fixation  is  made  upon  an  object  situ- 
ated at  the  ab^H)lute  ncar-ftoint  of  the  eye,  the  entire  relative  accommodation 
(,li)  i«  negative.  A  jmsitive  or  reserve  portion  of  accommodation  doe«  not  exist  j 
in  this  case,  since  the  wliole  absolute  accommodation  (.1)  haa  been  already  used' 
up.  Hence  we  can  have  distinct  vi.^ioii  at  our  near-point  for  only  a  moment  nr 
two  at  a  time.  From  what  hau  been  said,  it  follow»  that  work  is  more  exhaust- 
ing for  the  eyes  the  nearer  it  has  to  be  brought  to  them. 


Changes  of  the  AccoMMoifATiox  with  Age. 

142.  2,  The  accommodatton  diminishes  with  age,  and  this  diminu- 
tion is  manifested  by  a  corifmuous  recession  of  the  near-point.  Th« 
tlimiiintion  in  the  accommodation  can  not  be  referred  to  the  decrease«! 
in  the  power  of  tlie  muscles  in  general  and  the  ciliary  muscle  in  par- 
ticular occurrinii?  in  old  ago,  for  it  begins  in  youth,  and  probably  ev« 
in  childhood — that  is,  at  the  time  when  the  muscles  are  still  gaining  ii 
strength.  In  fact,  the  cause  of  the  diminution  of  the  accommodation 
lies  in  the  gradual  decrease  of  the  elasticity  of  the  lens.  This,  again, 
stands  in  causal  connet^tion  with  the  condensation  of  the  lens  due  to 
loss  of  water  and  leading  to  a  process  of  sclerosis  that  bc^gins  in  the 
center  of  the  lens  {formation  of  a  nucleus).  The  harder  the  lens  Ix»- 
comes  in  virtue  of  this  process  the  more  its  elasticity  is  impaired,  ao 
thiit  even  after  relaxation  of  the  zonula  it  becomes  less  and  less  able  to 
«■hange  its  shape. 

The  stalte  of  the  acconimodation  at  ditTerent  ages  is  shown  in  the 
nenompanying  figure  (147)  taken  from  Donders.  The  line  r  r  shows 
the  position  of  the  far-point,  the  line;y  //  that  of  the  near-pjint,  for  all 
iiges  from  ten  to  eighty  i  the  distance  between  the  two  lines  gives  the 
range  of  accommodation  in  dioptres  at  the  different  ages.  The  far- 
point  remains  pretty  nearly  constant  during  the  whole  life — i.  e.,  at 
infinite  di.stanee  ;  but  tlie  near-point  continually  rcceiles,  so  tliat  the 
lino  jy j>  forms  a  curve  wliich  constantly  approaches  the  line  for  the  far- 
pt>iiit,  until  finally  it  coincides  with  it.  Wlien  this  occurs  the  range  of 
iicct^mraodatiou  is  equal  to  zero,  and  the  lens  no  longer  changes  its 
shape. 

Tlic  diminution  in  tiie  range  of  aceommodation  does  not  begin  to 
bo  trouhloHome  until  the  near-iwint  has  receded  so  far  from  the  eye 
that  the  finer  kinds  of  work  become  difficult  or  impossible  to  do.  Thia 
vxMuUtion  is  known  as  presl/i/opia*  Since  the  diminution  in  the  ac- 
ooiamodation  takes  jilace  with  perfect  uniformity  from  youth  to  age. 


•  Fntm  Tpiffßvi,  old  man,  and  ^,  sight. 
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and  not  by  sudden  advances,  the  point  of  time  when  presbyopia  sets  in         ^H 
must  bo  establiähed  arbitrarily.     Doruiers  hu8  assumed  this  time  to  be         ^H 
that  at  which  the  near-point  recedes  beyond  ii  centimetres  (A  =  4-f»          ^H 
/>),  an  event  which  usually  hapjjeiis  about  the  fortieth  year  of  life.         ^H 
After  this  time  it  is  hard  work  to  read  fine  print,  and  hence  glasses  arc         ^H 
desired.                                                                                                                        ^H 
I'resbyopia  is  not  a  disease,  but  a  physiological  process  which  every          ^H 
^       eye  undergoes.     Persona  who  an-   prrshydpi«-  push  the  ho(!>k  farther         ^| 
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away  from  them,  like  to  avoid  fine  print,  and  overlook  the  foot-notea.         ^H 
Reading  at  night  gives  them  s}>erial  trouble,  because  the  pupils  dilate          ^H 
owing  to  the  enfeebled  illnininntion,  und  henne  tiie  ditrusion-circles are          ^H 
larger.     Th<^y  then  try  the  e.xpedient  of  bringing  the  light  between  the          ^H 
book  and  their  eves,  so  as  to  nuike  their  pupils  rontraet  by  having  a          ^H 
large  amount  of  liglit  fail  upon  them.     In  the  subsequent  progress  of          ^H 
presbyopia  reading  or  iine  work  at  last  becomes  absfihit«?ly  impossible          ^H 
without  glasses.     Pain,  however,  or  exhaustion  does  not  occur,  as  it         ^H 
does  in  hypermetrojws.     When  an  eye  is  not  emmetropic,  but  has  an         ^H 
error  of  refriKition,  this  error  shifts  the  range  of  accommodution,  and          ^H 
hence  also  the  time  whi>n  presbyopia  begins.     Reference  in  regard  to          ^H 
this  point  must  be  made  to  the  chapters  upon  myopia  and  hyper-         ^H 
metropia.                                                                                                                ^| 
Presbyopia  requires  tlie  use  of  convex  glasöea  for  ne^ir  work.     The         ^H 
glass  must  be  st/ong  enough  to  make  the  near-point  come  into  the          ^H 
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place  which  appears  demanded  bj  the  work  in  question.    The  situation 
of  this  depends  primarily  upon  the  nature  of  the  work  ;  the  finer  ihiAj 
19,  the  closer  must  the  near-point  be  approximated.    Bat  in  addition 
this  the  visual  acuity  must  be  taken  into  account.     If  the  latter  is  d< 
fectire,  objects  must  be  brought  nearer,  so  as  to  make  up  in  size  whail 
the  retinal  image  lacks  in  distinctness. 

Fri>tn  the  reasons  set  forth  above  it  follows  thut  it  will  not  do  siioplj  to  pn^ 
*cril>e  for  each  «rpurute  age  the  convex  gla«^  that  ought  to  be  ordered.     On  tb« 
contrur)',  we  must  proceed  according  to  the  individual  requirements  of  «mck] 
msie  by  itxelf.  and  determine  the  gliiss  for  it  specially.     Suppo-te,  for  intitwace, 
thHt  the  subject  is  sixty  year*  old,  and  that  his  ueur-|ioint  i:i  one  metre  from  tlie 
eye  (A  =  1  D).     The  man  is  a  cabinet-maker,  and  in  doing  hi«  work,  which  In- 
carries  on  at  arm's  length — i.  e.,  at  about  50  centimetres — no  longer  sees  dis- 
tinctly.      His   near-jMjint,   therefore,   mui^t    hv    bnjught    up  to  50   cenlinietn«  l 
(=  2  D).     Aü  he  himself  can  furnish  1  D,  it  suffices  to  give  him  al  +  D  glaa*  (or, 
better  still,  1*5  A  so  that  he  may  not  have  to  work  at  hi»  near-]>otnt,  but  amy 
hare  some  accommodation  in  resen'e).     Perbiips  the  same  man  also  wi&bes 
glass  lo  read  with  in  the  evening  when  his  work  i»  done.     For  thi»  purputw  w«  | 
mu)4t  bring  his  near-point  up  to  at  least  30  centimetres  (35  D).  $u  that  be  can 
read  ordinary  print  with  ease,  and  we  would  therefore  recommend  him  a  gla 
of  -I-  2  5  Dot  +S  D. 

Many  erroneoiw  view»,  which  we  must  oppose,  are  prevalent  among  the 
luily  with  respect  to  the  wearing  of  glajsses  in  advanced  life.  Some  coDtidcr  h 
>u1vant)igeoaa  to  begin  wearing  glasses  as  late  as  |x>8sible,  and  this  from  the 
fear  that  when  once  they  begin  they  will  have  to  keep  on  using  stronger  and 
stronper  oner«.  But  as  fur  an  this  is  coucerned  they  gain  nothing,  whether  tht-y 
begin  using  glasttes  at  the  |)ro])er  time,  or  for  years  struggle  along  laboriously  j 
without  them  until  they  cxa  do  ko  no  Innrer.  Ever»  presltyope  ha»  to  increase 
the  strength  of  hi.'«  glasm;«  o-h  long  as  hLs  range  of  accommodation  keep«  dimin- 
ishing. It  is  only  when  the  range  of  accommodation  Iioh  become  equal  to  zero 
that  he  can  «tick  to  the  same  glass.  It  i»  just  as  enoneouN  tu  believe  that  by 
wearing  glawies  early  one  can  "save"  his  eyes.  Presbyopia  goes  on  it»  a|»- 
jwinted  way  unaffected  by  the  wearing  of  glasses»  or  by  the  nature  of  thoM*  that 
nre  Mom,  and  independent  of  the  fact  whetiier  the  eyes  are  .strained  a  good  deal 
or  not  at  all  by  fine  work. 

In  examining  Fig.  147  we  are  struck  with  the  fact  that  the  line  r  r,  reprt» 
wnting  tiie  far-point,  does  not  run  straight,  a.«  we  should  exjK'ct,  but  makes  a 
i-urve.  The  f.ir-point  of  the  emmetropic  eye,  which  lie.s  at  infinity,  recedes  br^ 
yond  infinity  at  the  age  of  fifty — that  Is  the  refraction  of  the  eye  changes  and 
it  becomes  hypermetropic.  This  fact  has  nothing  to  do  with  the  diminution  of 
accommodation.  It  de|)ends  u|Kin  a  decrease  in  the  refractive  power  of  the  eye. 
clue  to  a  senile  change  in  the  leni* — a  change  which  is  effected  by  an  increase 
taking  place  in  the  density,  and  hence  in  the  refractive  power,  of  the  layers  of 
»lie  latter  from  within  outward.  Every  ray  of  light  passing  throuf-h  the  lena 
undergoes  a  new  deflection  in  each  layer,  so  that  the  entire  refraction  is  much 
great*-r  than  if  the  whole  lens  had  even  the  high  refractive  power  of  its  inoer- 
most  layers  but  was  at  the  simc  time  homogeneous.  Now,  in  old  age,  the  pro- 
WM  of  condensution  extend.^  farther  and  farther  from  the  center  to  the  periph- 
ery, and  the  lens  liccomes  constantly  more  homogeneous,  so  that  M  S  whole  it 
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suffers  impainnent  of  its  refractive  power.  The  emmetropic  eye  thus  gets  to  be 
somewhat  hypermetropic,  while  the  myopic  eye  becomes  less  near-sighted,  and, 
in  fact,  slight  degrees  of  myopia  may  disappear  altojgether  in  old  age. 


Optical  variations  of  the  eye  from  the  normal  may  relate  either  to 
its  refraction  or  to  its  accommodation.  The  anomalies  of  refraction 
are  to  be  strongly  differentiated  from  those  of  accommodation,  with 
which  they  are  frequently  confounded.  An  eye  whose  refraction 
varies  from  the  normal  or  emmetropic  we  call  ametropic*  There  are 
three  varieties  of  ametropia :  myopia,  hypermetropia,  and  astigmatism. 
When  the  refraction  of  the  two  eyes  is  different,  we  speak  of  anisome- 
tropia.! 

*  [From  i,  privative,  itirpov,  a  limit,  and  £f,  sight] 
■f  [From  ftyivof,  unequal,  /thpw,  limit,  and  t^,  sight.] 
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CHAPTER  III. 


MYOPIA. 


143.  iShort-riohtrdxess  (myopia,  M)  is  that  refractive  condition 
of  the  eye  in  which  mya  lliat  are  parullol  to  each  other  when  thoy  fall 
upon  the  eye  come  to  a  focus  in  front  of  the  retina.  Hence,  when  the 
raya  strike  the  retina,  they  have  become  divergent  once  more,  and  there- 
fore  form  a  dilTusion-eirele  iipnn  the  latter  (n  a^.  Fig.  148).  A  distinct 
image  is  formed  upon  the  retina  only  when  the  rays  have  a  certain 
degree  of  divergence  as  they  arrive  at  the  eye,  which  is  the  case  when 
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they  emanate  from  a  point  R  situated  close  by  (Fig.  148).  This  jK)int 
is  the  far-]ioint  of  tlie  myopic  eye.  The  greater  the  myopia,  the  farther 
in  front  of  the  retina  is  the  point  of  intersection  of  parallel  rays,  and 
hence  the  greater  is  the  divergence  that  rays  must  have  in  order  to 
unite  upon  the  retina,  and  hence,  too,  the  nearer  to  the  eye  roust  the 
far-point  {R)  lie.  Consequently  the  degree  of  myopia  is  determined 
by  the  distance  of  R. 

Deiermmation  of  Myopia. — The  distance  of  /?  from  the  eye  can  be 
measured  directly  by  placing  fine  print  before  the  eye  and  gradually 
withdrawing  it  until  it  becomes  too  indistinct  to  be  read.  This  method, 
however,  has  various  defects,  so  that  we  prefer  to  determine  the  position 
of  R  by  means  of  concave  glasses.  Let  us  assume  that  the  eye  has  such 
a  degree  of  myopia  that  its  far-point  is  50  centimetres  in  front  of  the 
eye  (P'ig.  149,  F) ;  the  rays,  then,  that  emanate  from  this  point  come 
to  a  focus  upon  the  retina  (at/).     How  can  we  manage  to  have  this 
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eye  see  parallel  rays  distinctly — i.  e.,  have  them  focused  «pon  the 
rotina?  Evidently  by  gJvinf?  them  the  same  direction  as  if  they  ema- 
nated from  the  far-point.  This  is  etfeetcd  by  placing  before  the  eye 
a  concave  gluss  of  50  centimetres,  focal  distance — i.  e.,  of  —2D.  By 
this  gliiss  parallel  rays  are  rendered  as  divergent  as  if  they  emanated 
from  its  foctisi  (see  page  508).  This  lies  ?iO  centimetres  in  front  of  the 
glass — that  is,  at  the  same  spot  at  which  the  far-point  of  the  eye  is 
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situated  (at/).  Accordingly,  parallel  rays  acquire  the  same  direction 
as  if  they  emanated  from  the  far-point  of  the  myopic  eye,  and  are  heneo 
focuycd  npou  tht;  retina  of  the  latter  so  as  to  form  a  distinct  image. 
(In  this  di.^cussion  the  distance  of  the  glass  from  the  eye  is  neglected.) 

The  deduction  made  in  tlie  foregoing  example  holds  good  for  all 
ilegrees  of  myopia,  'I'he  following  rule  may  therefore  he  enunciated : 
A  myopic  eye  sees  distinctly  at  infinite  distance  with  that  concave  glass 
whose  focal  length  is  equal  to  the  distance  of  the  far-point  from  the 
eye.  And  conversely ;  'I'he  focal  length  of  that  cont-ave  ghiss  with 
which  the  myopic  eye  sees  remote  objects  distinctly  gives  the  distance 
of  the  far-point  from  the  eye — i,  e.,  the  degree  of  myopia.  If  a  man 
sees  remote  objects  distinctly  with  —5 /J,. his  far-point  is  W  centime- 
tres (100  -T-  5  =  30).  But  in  designating  the  degree  of  myopia  we  do 
not  usually  give  the  position  of  the  far-point,  but  give  directly  the  re- 
fractive power  of  the  correcting  glass — writing,  therefure,  J/  =  5  />. 

If  a  glass  of  —GDis  placed  before  an  eye  whoso  M  =  5  />,  stich  an 
eye  would  still  see  clearly  at  a  distance ;  the  extra  strength  of  1  P  being 
neutralized  by  a  corresponding  effort  of  the  accommodation.  Since  in 
myo|)iii  there  i.s  often  a  tendency  to  accommodate,  it  is  by  no  means  rare 
to  Hnd  myopes  who  are  wearing  glasses  that  over-correct.  In  order  not 
to  fall  into  the  same  mistake  in  determining  myopia,  and  thus  make  the 
latter  greater  than  it  really  is,  we  must  regard  as  the  correcting  glass 
the  wmked  concave  glass  with  which  the  myoj>e  sees  distinctly  at  a 
distance.     Hence,  in  determining  mynpia  we  proceed  as  follows:   We 
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plac«  the  myope  at  n  distance  of  ß  metrtt  from  Snellen't  teei-ettrdt  and 
keep  puttitu}  conciwe  glasses  before  his  eyes^  beginnituj  with  the  tpeaker 
OHM  and  gradiiaUy  advancing  to  those  which  are  stronger,  until  the 
best  vision  is  obtained  which  can  possibly  be  secured  in  this  special  case. 
The  weakest  concave  glass  with  which  this  vision  is  obtained  gives  ike 
degree  of  myopia. 

This  method  of  determining  myopia,  which  was  instituted  by  Don- 
ders,  is  the  one  generally  employed.  It  is  pretty  tedious,  since  we  are 
obliged  to  go  gradually  from  weaker  to  stronger  glasses,  and  frequentJj^ 
therefore,  have  to  place  quite  a  large  number  of  glasses  before  the  eye 
before  we  get  to  the  one  that  corrects.  Hence,  some  have  conceived 
the  idea  of  determining  not  only  myopia  but  also  the  refraction 
generally  in  a  more  expeditious  way,  namely,  by  the  use  of  various  ap- 
panituH  which  are  called  optometers.  The^e  are  construetoil  upon  vari- 
ous principles.  Most  consist  of  a  test-object  at  which  the  eye  looks 
through  a  single  lens  or  through  two  lenses  combined.  The  rays  which 
enter  the  eye  can  be  given  a  parallel,  convergent,  or  divergent  direction, 
and  so  adjusted  to  suit  the  different  refractive  errors  that  may  exist, 
either  by  altering  the  place  of  the  test-object  or  by  shifting  the  lenso». 
The  refraction  is  then  simply  read  off  from  a  scale  which  is  attached  to 
the  in.'^trument.  In  spite  of  the  advantage  accruing  from  the  almost 
instantaneous  determination  of  the  refraction  which  these  instruments 
affard,  they  liave  not  become  popular,  because  the  refraction  as  found 
by  them  is  regularly  too  high;  for  the  person  who  is  looking  into  the 
instrument  exerts,  without  being  aware  of  it,  some  effort  of  accommodate 
tion.  Hence,  if  we  desire  to  find  the  true  refraction — i.  e.,  the  refract- 
ive state  of  the  eye  when  the  accommodation  is  rchixed — wo  are  obliged 
first  to  paralyze  the  accommodation  witti  atropine,  a  procedure  which 
causes  the  patient  considerable  discomfort  and  annoyance. 

The  determination  of  myopia  by  glasses  or  optometers  is  cAlIed  the 
subjective  method,  because  it  is  dependent  upon  the  statements  of  the 
patient.  For  this  reason  its  results  are  not  always  exact.  It  often 
happeiia  that,  by  the  patient's  straining  his  accommodation,  a  higher 
degree  of  myo|>i!i  is  simulated  Ümn  roally  exists.  Moreover,  we  are  de- 
pendent upnn  the  patient's  good-will  and  the  intelligence.  Frequently 
we  are  dealing  with  nuiliugerers,  who  purposely  try  to  make  their  my- 
opia uppeiir  too  high,  in  order  to  escape  military  service.  Again,  in 
small  children  tliis  method  is  not  applicable.  For  such  cases  the  06- 
jective  metiiod,  which  consists  in  the  determination  of  the  refraction 
by  means  of  the  ophthalmoscope,  and  which  is  therefore  indnpendout 
of  the  statements  of  the  patient  (see  16),  is  suitable.  And  even  wlien 
the  degree  of  myopia  has  been  already  determined  by  tlie  subjective  test, 
the  result  should  iu  every  iustanee  be  verified  by  the  objective  test  for 
the  refraction. 

Causes  of  Myopia. — The  fact  of  pandlel  rays  coming  to  a  focus  in 
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front  of  the  retina,  which  constitutes  the  essence  of  myopia,  may  in 
general  arise  in  two  waya : 

1.  The  refractive  power  of  ific  eye  is  ahnortnaVy  great,  80  that  paral- 
lel rays  are  made  too  convergejit,  the  retina  in  tliis  chso  being  in  it« 
nonnal  sitiiftliun.  Tlie  cause  of  the  increased  refractive  power  may  lie 
in  the  cornea  or  in  the  leus.  In  the  earnest  it  ia  increased  curvature 
that  leads  to  myopia.  This,  therefore,  is  found  in  ectasesof  the  cornea 
of  the  most  diverse  sort,  but  to  the  greatest  degree  and  most  obviously 
in  keratoconus,  beeautie  in  this  condition  the  coruea  at  the  same  time 
retains  its  transparency.  Myopia  caused  by  increased  curvature  of  the 
cornea  is  always  associated  with  a  considerable  degree  of  nfitigmatiriin. 

The  lens  can  cause  abnormal  elevation  of  the  refractivity  of  the  eye 
either  through  increased  curvature  or  through  augmentation  of  density. 
The  fallowing  cases  are  to  be  regarded  as  belonging  in  this  category : 
(rt)  In  luxation  the  lens  takes  on  an  increased  curvature  because  the 
tension  exerted  by  the  zonula  is  removed.  If  the  case  is  one  of  Inxa- 
tion  into  the  anterior  chamber,  the  forward  displacement  of  the  lens 
contributes  to  tlie  increase  in  refnvctive  power,  since  with  the  lens  the 
nodal  point  of  the  whole  dioptric  system  is  shifted  forward,  {b)  Ac- 
commodation, which  increa.ses  the  curvature  of  the  lens,  may  be  kept 
Iiernuiuently  in  action,  and  as  long  as  this  spasm  of  accommodatinu 
eontinues  myopia  will  be  present.  The  latter  disappears  wlien  the 
accommodation  is  paralyzed  by  atropine,  (r)  Myopia  due  to  iucreiise 
in  density  of  the  lens  not  infretjiitntly  sets  in  at  the  beginning  of  senile 
cataract  (see  page  3C6). 

2.  The  refractive  power  of  the  eye  may  be  normal,  so  that  jiarallel 
rays  come  to  a  focus  at  the  customary  spot,  but  the  retina  may  lie  too 
far  back.  The  cause  of  this  is  an  elongation  of  the  axis  of  the  eye,  for 
which  reason  this  sort  of  myopia  is  called  axial  mt/opia.  The  disten- 
tion of  the  sclera,  to  which  the  elongation  of  the  eye  is  due,  may  «ffeet 
either  its  anterior  or  its  posterior  division.  We  find  the  former  condi- 
tion after  scleritis,  in  which  the  zone  of  sclera  which  adjoins  the 
cornea  is  softened  by  inflammation,  and  then  distended  by  the  intra- 
ocular pressure  (see  page  214).  But  by  far  the  most  frequent  site  of 
the  distention  is  in  the  posterior  division  of  the  sclera,  which  is  bulged 
out  posteriorly,  forming  the  staphyloma  posticum  of  Scarpa.  This  is 
the  ordinary  typical  form  of  myopia,  which  therefore  deserves  special 
mention. 

Typical  Mtopia. 

144.  Myopes  see  indistinctly  at  a  di.tfanre,  Iicnause  of  the  presence  of 
diflusion-circlcs.  To  make  these  smaller,  und  thus  see  better,  they  screw 
the  lids  together,  and  in  this  way  produce  a  atonopsic  slit.  In  fact,  it  ia 
from  this  habit  of  blinking  that  the  name  myopia*  takes  its  origin. 

*  Fmin  fUtv,  to  shut,  tu  ttlink,  and  tr^,  si^hU 
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Myopea  sec  veil  near  by,  and,  moreover,  have  the  advantage  tlial 
tliey  need  use  little  or  no  accommodation  for  this  purpose.  The  range 
of  accommodation  has  the  same  relation  in  the  myopic  eye  (if  the  high 
degrees  of  myopia  are  excepted)  as  in  the  emmetropic  eye.  Only,  since 
the  far-point  lies  at  a  finite  distance,  the  whole  region  of  accommoda- 
tion is  placed  closer  to  the  eye,  as  can  be  seen  from  Fig.  143  (Xo.  3),  in 
which  the  region  of  accommodation  lies  between  10  and  5  centimetres 
in  front  of  tlie  eye.  In  working  at  close  range,  therefore,  the  myo|M» 
needs  to  \x^  less  accommodation  than  the  emmetrope,  or  even  no  ac- 
commodation at  all.  Suppose,  for  instance,  that  work  has  to  be  done 
at  a  distance  of  33  centimetres.  In  this  case  the  erametrope  requires  an 
accomnioilation  of  3  /?  (100  -r-  33  =  3).  A  myope  whose  myopia  equals 
1  D  needs  only  2  D  of  accommodation,  and  one  having  a  myopia  of 
3D  needs  none  at  all,  since  his  far-point  lies  at  the  working  distance. 
As  soon,  therefore,  as  myopia  has  reached  a  certain  degree,  the  accom- 
modation ceases  to  be  used  (it  being  prosup[H)sed  that  no  glasses  are 
worn).  Hence,  in  myopia  of  high  degree  the  range  of  accommodation 
is,  as  a  rule,  not  normal,  but  diminished. 

For  thu  same  reason,  in  myopes  presbyopia  sets  in  later  than  in  em- 
raetropes,  or  does  not  set  in  at  all.  To  be  sure,  the  diminution  in  elas- 
ticity of  the  lens  is  produced  in  a  myopic  eye  just  the  same  as  in  any 
other,  but  practically  it  does  not  make  itself  so  perceptible.  If  a  man 
has  a  myopia  of  4*5  D,  his  far-point  lies  at  22  centimetres,  and  will  al- 
ways remain  there  though  he  be  ever  so  old.  During  his  whole  life, 
therefore,  there  will  be  distinct  vision  at  this  distance,  the  only  differ- 
ence from  what  existed  previously  being  that  the  patient,  when  at  an 
advanced  age  he  baa  lost  his  power  of  accommodation,  will  no  longer 
be  able  to  see  closer  than  22  centimetres — a  thing,  however,  which  there 
is  no  necessity  of  his  doing  in  any  case.  Such  a  myope,  therefore,  does 
not  become  presbyopic  at  all.  Those  having  myopia  of  less  degree  do 
become  presbyopic,  but  do  so  later  than  emmetropes.  The  |X)int  of 
time  when  presbyopia  sots  in — i.e.,  when  the  near- point  recedes  beyond 
22  centimetres — can  eiisily  bo  culculatcd  for  each  individual  case  if  we 
know  the  degree  of  myopia  and  the  amount  of  the  range  of  accommo- 
dation at  different  ages. 

The  troubles  that  myopes  complain  of  vary  according  to  the  degree 
of  myopia.  In  the  lower  grades  of  myopia  distant  vision  is  indistinct, 
and  yet  often  sufticea  for  ordinary  purposes,  so  that  many  myopes  of 
this  sort  do  not  use  glasses.  For  near  work  moderately  near-sighted 
eyes  are  generally  regarded  as  serviceable,  because  they  do  their  work 
with  less  accommodation,  and,  moreover,  either  become  presbyopic  late, 
or  do  not  become  so  ut  all. 

It  is  otherwise  with  the  high  degrees  of  myopia.  In  this  case  not 
only  is  the  complaint  made  of  indistinct  vision  at  a  distance,  but  also 
of  inability  to  keep  on  with  work  near  by  for  any  length  of  time;  for, 
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owing  to  the  short  distance  at  which  the  far-point  Ires,  a  considerable 
effort  of  converj;c-noe  is  required — an  effort  which,  moreover,  is  often 
rendered  ditlicult  by  insuf!ii;ifin-y  of  tlie  internal  oculur  mtiscles — so 
that  troubles  symptomatic  of  muscular  asthenopia  develop.  From 
the  insutticiency  may  develop  a  strabismus  divergens,  a  condition, 
therefore,  which  is  most  frequently  met  with  as  a  result  of  marked 
my  0  pin. 

Ill  myopia  of  high  degree  it  is  often  the  case  that  satisfactory  dis- 
tant vision  is  not  attained  even  by  glasses,  because  morbid  changes  exist 
in  the  fundus.  For  the  same  reason,  vision  close  by  is  frequently  de- 
fective in  spite  of  the  great  approximation  of  the  object.  Moreover, 
complaint  is  made  of  rapid  exhaustion  of  the  eyes,  of  great  aensitive- 
nesa  to  light,  and  of  ninsca^  voli- 
tantea.  The  last-named  phenom- 
enon is  also,  to  be  sure,  found  in 
healthy  eyes  (see  page  ^07)  ;  but 
the  myopic  eye  is  more  prone  to 
see  muse«  volitantes,  and  .sees  them 
in  greater  number.  This  arises 
from  the  fact  thut  myopic  eyes 
without  glasses  see  everything  in- 
distinctly ;  and  upon  a  hazy  back- 
ground, such  as  is  produced  by 
this  indistinct  vi.sion,  opacities  are 
better  projected  ;  moreover,  in  the 
higher  degrees  of  myopia  patho- 
logical opacities  of  the  vitreous  are 
apt  to  be  present.  Muscie  voli- 
tantes are  not  infrequently  a  source  h 
of  constant  annoyance  and  worry 
to  myopic  patients. 

Objective    examination    of    a   The  e<njMU.(<rt«i.byi..ma  i)o<rtiCTim>_whicii  nc 
near-sighted  eye  shows  that  it  is 


Fig.  ISO.— Cbobb-xkctioiv  or  a  Mtopic  Etb 
KAvnro  AH  Axial  Ijckoth  or  KS  CjiiitI' 
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longer  than  normal  (Arlt).     The 
elongation  is  produced,  as  dissec- 
tion of  such  eyes  shows,  by  the  dis- 
tention of  the  sclera  at  the  pos- 
terior pole  (Fig.  UAi).    In  marked 
myopia  the  enlargement  of  the  eye- 
ball is  recognizable  even  in  the  liv- 
ing eye.     The  eye  project.s  far  for- 
ward (pop-eye)  ;  and  when  it  is  turned  well   in  toward  the  nose  the 
equatorial  region  appears  in  the  outer  portion  of  the  palpebral  fissure, 
and  then  does  not,  as  in  the  case  of  the  normal  eye,  make  a  sharp 
curve  in  turning  backward,  but  rtnis  back  without  much  curving — 


cupi«8  ttip  postf  riiir  Htrf^ment  of  th«  eye 
exteoils  from  e  to  r,.  Over  tbe  *rea  oc- 
i-iipiMt  hr  tbe  Maphyloma  th«  sclt^m  in  renr 
much  tblnued,  and  M  the  »pot  wh^n«  U  b 
eoiitinuous  with  tbe  ataiMitii  ol  the  opUo 
nerve  Ita  Jayera  havi*  aeparnUNl  from  each 
other,  so  that  the  iiiterva^rinal  apace  to  di- 
lated St  It»  extremity,  atiii  more  «o  at  the 
t<-nipora1  Rido,  t,  than  at  the  nasal  side,  ti. 
The  oplio  nerve,  a,  shows  within  the  fora- 
men ac'lene  an  outward  bt^nd.  Over  the 
arpa  octmpied  bv  tbe  p<:>sterior  Mtaphytofna 
there  is  a  Hf*t«rior  detachmcnt  of  Ihu  vltre- 
oiiH,  A  ;  anil  in  IhiHt-yy  llier»-  i»  ahto  presjjnt 
an  anterior  detachtnpnt  of  the  vitreous,  v. 
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almost  straight,  in  fact.     Very  myopic  eyes  are  also  usually  character- 
ized by  a  deep  anterior  chamber  and  a  dilated  pupil. 

The  most  important  changes  in  myopia  are  those  which  are  situated 
in  the  fundus  and  can  be  recognized  by  ophthalmoscopic  examination. 
These,  as  a  general  thing,  are  the  more  extensive  the  higher  the  degree 
of  the  myopia.  They  affect  first  of  all  the  chorioid  and  retina,  which 
become  atrophic,  both  in  the  vicinity  of  the  papilla  and  in  the  region 
of  the  macula  lutea  (see  page  316).  The  latter  spot,  moreover,  is  the 
favorite  seat  of  retinal  haemorrhages.  Numerous  floating  opacities  are 
formed  in  the  vitreous,  the  latter  at  the  same  tinie  becoming  liquefied. 
The  consequences  of  the  degeneration  of  the  vitreous  make  themselves 
apparent  both  in  the  lens  and  in  the  retina.  In  the  former  tliore  de- 
velop opacities,  and,  as  a  result  of  the  atrophy  of  the  zonula  of  Zinn, 
tremuloiisness  and  even  luxation;  in  the  retina,  detachment  occurs. 

Most  caÄcs  of  myopia  are  those  of  low  degree,  whicli  develop  during 
youth  and  come  to  a  stop  after  the  completion  of  the  body-growth 
{fttationary  myopia).  \n  other  cases,  however,  the  myopia  attains  n 
considerable  height  even  in  youth,  and  then  docs  not  remain  stationary, 
but  increases  steadily  during  the  whole  life,  so  that  finally  it  reaches 
the  greatest  possible  degree  {progrewve  mi/ophi).  It  is  mainly  theee 
raises  whi«-li  load  to  destructive  changes  in  the  interior  of  the  eye,  and 
which  cause  myopia  to  appear  in  the  tight  of  a  disease  of  the  eye,  and 
that,  too,  of  a  severe  disease,  which  in  advanced  age  often  gives  rise  to 
amblyopia  or  even  blindness. 

145.  Causes  of  Myopia. — Myopia  is  only  exceptionally  congenital, 
elougattun  of  the  eye  in  that  case  existing  at  the  time  of  birth.  The  rule 
is  that  myo}iia  develops  in  youth  at  the  time  when,  as  the  whole  body  is 
growing  raiiidly,  considerable  demands  arc  at  the  same  time  made  upon 
the  eyes  by  school  life  or  by  work.  It  has  been  established  by  many 
observations  that  acquired  near-sightedness  is  found  almost  exclusively 
in  those  persons  who  arc  conipoUcd  to  strain  their  eyes  with  near  work. 
.Such  arc,  on  the  one  hand,  the  njembers  of  the  cultivated  classes  who 
apply  themselves  to  study ;  and,  on  the  other  hand,  working  people,  like 
tailors,  seamstresses,  compositors,  lithographers,  etc.,  who  have  fine 
work  to  do.  There  i-^i  thus  no  doubt  but  that  the  cause  of  myopia  is 
furnished  by  near  work.  Here  two  factors  come  in  for  consideration, 
iianiely,  ihc  uccomrnmlalioTi  and  the  convergence,  by  the  combined 
action  of  which  the  disU;niion  of  the  posterior  pole  of  the  eye  is  effected. 
But,  although  straining  of  the  eyes  in  near  work  is  the  cause  of  myopia, 
not  all  but  only  a  fraction  of  those  who  are  subjected  to  this  strain 
actually  become  near-sighted.  In  this  fraction,  therefore,  special  addi- 
tional factors  must  Iw  present  which  favor  the  development  of  tlie  my- 
opia due  to  near  work.  The  following  are  the  factors  of  this  sort  that 
we  know  of:  I.  A  prvdixjioxition  to  myopia,  which  doubtU-ss  has  its 
seat  in  definite  anatomical  conditions,  such  as  too  slight  resistance  of 
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tlie  sclera,  peculiarities  in  tlie  relations  of  tlje  ocular  muscles  or  of  the 
optic  niTve,  etc.  Since  anatomical  jiocnliurities  are  prone  to  be  in- 
herited, tht)  liereditarj  character  of  myopia  is  also  readily  explainable. 
Tlie  cliiidren  of  near-stf^htcd  parents  are  not,  to  be  sure,  born  near- 
sighted; but  if  they  are  exposed  to  those  conditions  which  favor  tlie 
development  of  near-sightedness,  they  show  a  greater  tendency  to  be- 
come myo)>ir*  than  do  the  children  whose  parents  have  normal  sight. 
2.  Thost!  circumstances  which  comjjol  loo  yteni  approximatwn  of  llw 
work,  and  thus  require  an  abnormally  great  accommodation  and  con- 
vergence. This  is  the  case  when  particularly  fine  work  has  to  bo  done, 
or  when  work  is  carried  on  with  iiisufticiont  illumination,  and  also 
when  the  visual  acuity  is  diniiuiähed  (by  maenlfe  of  the  cornea,  opaci- 
ties of  the  lens,  astigmatism,  etc.),  so  that  it  becomes  necessary  to  bring 
the  objects  closer  than  uüual  (see  page  608).  3,  Linnßrienci/  af  the 
infental  aeuhtr  mni<rle.t.  The  greater  the  myopia,  and  hence  the 
nearer  the  point  at  which  objects  have  to  be  held,  the  greater  the  effect 
which  this  factor  exerts.  It  impedes  the  act  of  convergence,  which 
consequently  can  be  uccom])Ii3hed  siitisfactorily  only  by  an  excessive 
effort  of  the  interui,  and  in  this  way  it  accelerates  the  progress  of  the 
myopia.  4.  Sp(tJ<m  of  the  accommodaiion  at  first  simulates  myopia  and 
afterward  generally  jiasses  into  actual  near-sight.  It  arises  from  the 
fact  that  the  accommodation  is  kept  strained  upon  close  work  for  many 
hours  every  day ;  then,  finally,  it  ha[>pens  in  young  persons  suffering 
from  this  accommodative  spasm  that  they  are  no  longer  able  to  relax 
their  aceommodation  completely,  so  they  still  accommodate  when  they 
are  looking  at  the  distance,  and  hence  appear  to  be  near-.stghted,  al- 
though they  are  really  emmetropic,  or  even  hypermetropic;  and  if  they 
are  actually  uear-8ighte<l,  a  still  higher  degree  of  myopia  is  siinulated 
because  of  the  spasm.  The  existence  of  a  spasm  of  twcommodation  is 
discovered  by  our  finding  the  myopia  to  be  higher  when  we  make  the 
subjective  test  with  glasses  than  when  we  determine  it  objectively 
with  the  ophthalmoscojje,  for  the  accommodation  is  usually  completely 
relaxed  during  the  examination  with  the  ophthalmo8coi>e,  so  that  the 
eye  nuiuifests  its  true  refraction.  The  test  of  the  correctness  cif  our 
dett^rmi nation  is  the  instillation  of  atropine,  which  fiaralyzes  the  ac- 
commodation and  thus  removes  the  spasm,  so  that  when  the  examina- 
tion with  glasses  is  made  the  true  refraction  is  found. 

Treatment. — It  is  itnpossible  tn  cure  myopia,  or  even,  in  fact,  to 
diminish  it  to  any  great  extent.  We  must  confhin  ourselves  to  making 
provision  by  means  of  suitable  ghisses  for  distinct  vision,  and  to  jiroced- 
uros  that  will  enable  close  work  to  be  carried  on  as  fur  as  may  be  with- 
out exhaustion.  Moreover,  the  progress  of  the  near-.sight  must  be 
checked  a.s  far  a-s  possible,  and  any  complications  present  be  attacked. 

The  following  princijdes  hold  good  with  reference  to  the  wearing  of 
glasses  by  myopes :  In  the  low  degrees  of  near-sight  (up  to  about  2  D) 
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it  is  sufficient  to  order  glasses  for  distance,  provided  that  any  desire  föf" 
them  is  exjireased.  For  near  work  glaseea  are  unnecessary,  since  vision 
can  be  carried  on  without  them  at  a  suffieiont  distance — that  is,  up  to  or 
beyotid  50  centimetrea.  In  the  medium  degrees  of  near-sight — i.  e.,  from 
2  to  about  ID — glasses  are  neeessary  for  distance,  and  they  are  often 
desirable  for  near  work  as  well ;  for  otherwise  the  work  would  have  to  be 
held  too  close,  iiud  would  thus  require  great  convergence,  whicli  might 
givG  rise  both  to  exhaustion  of  the  eyes  and  to  progressive  increase  of 
the  near-sight.  If  the  eye  is  otherwise  healthy,  und  the  range  of  ac- 
commodation is  large  enough,  a  glass  is  prescribed  wliich  can  be  worn 
constantly  for  both  distant  and  near  points.  This  glass  ought  not 
quite  to  correct  the  tnyopia — e.  g-,  in  a  myopia  of  5  D  a  glass  of,  say, 
—  4  Z>  would  be  given.  If  the  range  of  accommodation  is  small,  either 
on  account  of  advanced  ago  or  from  other  reasons,  the  glass  which 
nearly  corrects  the  myopia  will  not  be  borne  for  near  work.  Near- 
sighted persons  who  have  worn  the  same  glass  constantly  for  many 
years  iiiid  that,  as  they  become  older,  reading  with  this  glass  becomes 
more  and  more  difficult.  In  such  cases  two  sets  of  glasses  must  be  or- 
dered :  a  stronger  one,  which  almost  corrects  the  myopia,  for  far-points ; 
and  a  weak  one,  for  near  work,  which  removes  the  working  distance  to 
tlie  point  desired.  The  sanie  rule  holds  good  for  the  high  degrees  of 
myopia,  in  which,  likewise,  different  glasses  must  be  prescribed  for  far 
and  near.  When,  owing  to  complications,  the  visual  acuity  is  greatly 
diminished,  glasws  are  in  any  case  of  little  or  no  use. 

Prescribing  glasses  for  near-sighted  persons  requires  much  experi- 
ence and  a  careful  consideration  of  all  the  attendant  coudiiions.  lu  no 
case  should  the  choice  of  glasses  be  left  to  the  optician. 

In  addition  to  the  selection  of  glasses,  the  regulation  of  the  patienr» 
habits,  both  as  regards  his  general  condition  and  his  eyes,  must  be  at- 
tended to.  This  is  the  more  important  t!ie  greater  the  myopia  is,  and 
the  more  reason  there  is  to  apprehend  its  pro^essive  advancement  and 
the  development  of  coniplieations.  And,  first  of  all,  near  work  must  be 
restricted  as  much  as  possible.  Such  work  as  has  to  be  done  under  any 
circumstances  shouUl  bo  performed  at  the  greatest  possible  distance 
from  the  eyes.  To  effect  tliis  we  must  see  to  it  that  the  print  of  the 
books  is  good,  that  the  illumination  is  sufficient,  that  the  correct  posi- 
tion is  maintained  in  reading  and  writing,  etc.  AVork  in  the  evening 
by  artificial  light  must  be  restricted  as  far  as  possible.  It  is  very  ad- 
vantageous to  interrupt  the  work  at  frequent  intervals  and  rest  the 
eyes  by  looking  at  a  distance.  If  it  is  apjiarent  that  tlio  near-sight  is 
making  rapid  progress  and  threatens  to  reach  a  still  higher  degree,  it  is 
advisable  to  drop  all  studies  for  quite  a  long  time.  If  spasm  of  the 
accommodation  exists,  intervals  of  this  sort  can  be  ntilized  for  treat- 
ment with  atropine.  Young  people  witlj  markedly  progressive  myopia 
should  be  warned  to  take  the  condition  of  their  eves  into  account  in 
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siug  a  profession.  An  occupation,  like  that  of  civiUserTice  clerk 
or  oiiL'  of  thw  k'jiriK'd  pn)fessionsi,  wljjoh  rwjuires  constant  reading  and 
writing,  is  not  suitable  fur  people  of  this  sort. 

The  anatomical  dcmonstrntioti  of  the  cnlArgement  of  the  myopic  eyeball 
wa«  first  inuile  by  Arlt.  «nd  ihiis  the  iiuturo  of  myo])!»  wiis  e«t»blisbed  (1854). 
8iiiri>a,  to  be  sure,  had  ftlrcady  at  an  earlier  date  (1807)  observed  the  ectasia  of 
the  posti'rior  pole  of  the  eye  peculiar  tr»  myopia,  but  did  not  rcco<;n)7.t'  it  »'» the 
cnuse  of  the  latter.  The  size  of  thi»  ectasia  is  in  direct  ratio  to  the  degree  of 
the  myopia.  In  near-sight  of  moderate  amount  the  ectasia  is  limited  simply 
to  the  posterior  pole  of  the  eye;  but  in  the  hi^jher  decrees  of  myopia  the  ectasia 
{ee,.  Fig,  150)  extends  until  the  optic  nerve  if*  implicated,  and  get.-*  to  lie  upon 
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the  side  of  the  protrusion.  The  elongation  of  the  eyeball  due  to  the  ectasia 
may  be  very  considerable;  there  are  eyeballs  which  have  an  axial  length  of 
upward  of  35  inillJmctres,  while  the  normal  eye  is  only  24  millimetres  long. 

Microscopic  examination  of  a  verj'  mynpic  eye  proves  tlisit  its  anterior  seg- 
ment as  far  back  ns  ihe  ciliary  muj'cte  iw  normal  (IwanofT)-  Tliis  latter  boa  a 
«muUcr  transverse  diameter  tliim  in  the  emmetrojiic  eye,  since  the  circular  fiber» 
are  left»  develo]>ed.  aud  are  «umelinies,  indeed,  almost  entirely  wanting  (Fig. 
152).     These  circular  fiber»,  in  fact,  are  mainly  the  one«  whoso  function  it  is 
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to  proride  for  accommodation;  and  »k  accommodation  is  but  little  emploji 
io  a  mjopic  eye.  they  are  oot  properly  developed  there.  But  aa  the  ciliary 
procesae«,  too,  in  the  myopic  eye  are  not  as  large  as  usual,  the  whole  ciliary 
body  appears  abDormally  flat.  In  hypermetropic  eyes  the  opposite  coodition 
exista.  In  these,  Mfiller's  portion  of  the  ciliary  muscle  is  hypcrtrophied  by  coa- 
stant  accommodative  effort,  and  thuä  the  whole  muscle  is  increased  in  size ;  and 
•8  the  ciliary  processes,  too,  are  more  fully  developed,  the  entire  ciliary  body 
projects  farther  toward  the  interior  of  the  eye  (Fig.  I53>.  A  comparison  of 
FigB.  153  and  153  with  each  other  and  with  Fig.  151,  which  represents  the  cili- 
ary  body  of  an  emmetropic  eye,  shows  how  the  shape  of  the  sinus  of  the  anterior 
chamber  is  determined  by  the  form  of  the  ciliary  body.  In  a  myopic  eye  the 
ainufl  ia  deeper,  in  a  hypermetropic  eye  shallower,  than  in  the  emmetropic  eve. 
This  relation,  which  can  also  be  observed  macroscopically  in  the  living  eye,  is 
held  to  be  of  importance  in  the  genesis  of  glaucoma.  We  know  that  in  the 
latter  condition  the  iris  is  pushed  against  the  cornea,  and  the  sinus  of  the  an- 
terior chamber  is  obliterated,  owing  to  swelling  of  the  ciliary  processes  (see  pa^ 
351).  Obviously  the  larger  the  ciliary  processes  and  the  narrower  the  sinus  of 
the  anterior  chamber  the  more  readily  will  this  result  Lake  place.  In  this  fact 
is  probably  contained,  at  least  in  part,  the  reason  why  hyiwrmetropic  eyes  are 
very  frequently,  and  myopic  eyes,  on  the  contrary,  are  very  rarely  indeed,  at- 
tacked by  infiammatory  glaucoma. 

The  pathological  changes  in  the  posterior  segment  of  the  eye  are  much 
more  manifold  than  those  iu  the  anterior  segment.  The  head  of  the  optic 
nerve  looks  an  if  it  had  been  displaced,  with  reference  to  the  foramen  Bclera; 
through  which  it  ]ias«es  (Weiss;  see  Fig.  150,  it).  As  a  result  of  this,  we  find 
its  filjcrs  curved  or  bent  and  its  sheaths  di.storted.  This  latter  effect  is  most 
apparent  at  the  tc-miHiml  side,  where  the  external  sheath  becomes  removed  a 
considenibk*  distance  from  the  inner,  so  that  a  marked  dilatation  of  the  inter- 
vagin:il  space  is  thus  produced  (Jäger;  see  t.  Fig.  150).  This  same  displace- 
ment is  recognizable  iu  the  choriotd,  from  the  fact  that  the  latter  is  drawn  away 
from  the  o[rtic  disk  on  the  temporal  side,  so  that  the  atrophic  crescent  is  pro- 
duced there,  while  at  the  nasal  border  the  chorioid  is  not  infrequently  drawn 
up  over  the  optic  disk.  All  these  phenomena  lead  us  to  infer  that  the  sclera 
tends  to  draw  the  optic  nerve  toward  the  temporal  side,  and,  as  this  can  not  l>e 
done,  it  shifts  its  own  pkce  and  with  it  that  of  the  chorioid  in  the  same  direc- 
tion Bguinst  the  traction  exerted  by  the  optic  ner^-e.  The  sclera,  wherever  it 
h»p[)cns  tu  lie  within  the  ectasia,  becomes  attenuated,  so  that  often  it  is  only  a^ 
thin  aa  paper.  The  superjacent  chorinid  and  retina  present  in  themain  the  ap- 
pearances of  atrophy  together  with  slight  intlummatory  changes;  in  the  later 
stages  both  membrunea  are  reduced  to  a  (iiin  jwlticle  almost  destitute  of  pig- 
ment. The  vitreous  in  its  posterior  division  is  detached  from  the  retina,  an«! 
the  space  thus  formed  ia  filled  with  liquid  {posterior  detachment  of  the  vitreous; 
A,  Fig.  150). 

The  ophthalmoscopic  nnd  anatomical  changes  which  make  their  appearance 
in  the  higher  grades  of  myopia,  render  it  evident  why  the  visual  acuity  is  almost 
never  found  to  be  normal  in  very  marked  near-sight.  Among  the  laity  there  is 
A  belief  that  noar-sight  diminishes  in  age ;  but  this  ia  true  only  for  the  lowest^ 
degrees  of  myopia.  In  a«Ivanced  age  the  emmetropic  eye,  owing  to  diminution 
in  the  refractive  power  of  the  lens,  becomes  hy|M'nnctropic  (see  page  624);  con- 
sequently, to  a  myopic  eye  the  myopia  mu^t  diminish.     Myopes,  however,  often 
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believe  that  they  are  becoming  1MB  near-sighted  because  they  see  better  at  a  dis- 
tance without  glasses  than  they  used  to  do,  and  y<t  testing  with  glasses  »howa  no 
ditiiinution  ia  the  myopia.  Thin  improvemeot  ia  vision  depends  upon  the  fact 
that  in  »Id  age  the  pujiil»  br-come  more  contracted,  and  hence,  when  looking 
with  the  naki'd  eye,  tiic  diff»i.«ion-circle8  are  smaller.  But  all  persona  who  have 
a  great  degree  of  m-ar-«iglit  see  worse  and  worse  as  tJieir  uge  increasps,  because 
not  only  is  the  myopia  augmented,  but  the  complications  of  myojiia  tend  to  de- 
velop more  and  more. 

Near-sight  of  any  high  degree  incapacitates  the  subject  for  militaiy  sfrtite. 
In  Austria,  according  to  the  military  regulations  of  1880,  cajiacity  for  every 
branch  of  the  service  is  held  to  exist  when  the  inyopiti  of  the  more  near-sighted 
eye  is  not  more  than  tlmt  represented  by  an  a[iproxämatioD  of  tfie  fur-point  equal 
to  25  centimetre.-»  {M  =  4  If).  For  the  one-year  volunteers  this  limit  for  the  far- 
jM>int  is  reduced  to  20  centimetres  (M  :=  5  D),  and  for  physicians,  apothecaries, 
and  veterinary  surgeons,  to  15  centimetres  (M  =  0'5  D).  Moreover,  recruits  are 
admitted,  although  only  to  the  reserve  corfw,  whose  far-point  varies  between  25 
and  20  centimetres  (M  =  4  —  3  D),  while  any  higher  degree  of  near-sight  ex- 
cludes them  altogether  from  aclual  military  service.  The  visual  acuity  is  also 
taken  into  account.  Those  only  are  regarded  as  available  for  all  purposes  who 
have  at  least  vision  =  /j  in  both  eyes  (after  correction  of  any  existing  ame- 
tropia). Any  one  whfwe  vision  in  the  better  eye  is  only  /y,  an<l  in  the  worse 
eye  at  least  »"j,  may  be  admitted  to  the  reserve  corps,  while  diminution  of  the 
visual  acuity  below  this  standard  incapacitates  the  patient  for  military  service. 

In  Germany  a  myopia  in  which  the  far-point  in  the  better  eye  i»  di.iitant  \!i 
centimetres  or  less  {M  =  G'5  Dot  more)  Ls  regarded  as  jwrmanently  tncajNici- 
tatiiigthe  patient  from  military  service,  even  supposing  that  the  visual  acuity  is 
normal.  A  less  degree  of  near-sight  than  that  above  given  renders  a  man  con- 
«litionally  fit  for  service,  if  the  visual  amity  amounts  to  more  than  half  of  the 
normal  (fU'rman  army  orders  of  Septetul>er  28,  1875). 

Nciir-sightcdness  is  so  wide-spread  and  important  a  disease  that  it  has  re- 
ceive<l  an  amount  of  investigation  whirh,  for  extent  and  for  thoroughness  along 
all  tines  of  research,  few  other  di.seases  can  equal.  The  main  thing  that  these 
numerous  investigations  have  proved  is  that  near-sight  is  an  attribute  of  cult- 
are.  In  the  country,  for  e.xam|>le.  we  encounter  fewer  people  with  glasses  tlian 
we  do  in  the  city.  In  the  latter,  again,  it  is  the  schools  which  are  the  nuiin  hot- 
beds for  the  propagation  of  near-sightedness.  Cobn  by  bis  extensive  researches 
was  tlie  first  to  direct  general  attention  to  this  fact.  Since  then  statistical 
researches  in  regard  to  myopia  have  been  published  in  almost  all  countries — 
researches  which  extend  to  alt  classes  of  every  condition  and  every  age,  even 
including  new-born  children.  It  has  beien  proved  that  among  new-born  cliil- 
dren  myopia  practically  never  occurs;  in  fact,  they  are  almost  without  exception 
liy|)ermetropic.  Near-sightedness  is  acquired  later  in  life  through  straining  the 
eyes,  and  hence  fails  to  occur  when  this  .strain  is  absent.  In  savage  nations 
near-sightedness  no  more  occurs  than  it  does  among  children.  Again,  in  the 
lowest  order  of  schools— the  common  schools — there  are  extremely  few  near- 
sighted persons,  and  the  same  is  true  of  the  ruml  pi'|>ulation,  whose  education 
doea  not,  as  a  rule,  get  much  l>eyond  the  common  «choüL  Tlie  school  most 
dangerojis  for  the  eyes  is  the  high  school.  It  is  in  this  that  rayopia  first  de- 
velops and  then  increases,  both  as  regards  its  intensity  and  as  regards  the  num- 
l«'r  of   myoi>ea  io  proportion   as  we  ascend  the  classes.     In  Germany  about 
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twenty  per  cent  are  myopic  ia  the  lowest  rlimiwi  of  the  high  school«  and  aixij 
f>er  cent  in  the  highest  da«»«.  In  going  into  the  higher  classes  the  scholar 
who  La  already  near-j)ighted  becomes  more  and  more  so;  and.  furthermore,  aew 
acholare  are  constantly  being  attacked  with  myopia.  In  the  university  the  ooe- 
ditiona  are  still  more  unfavorable.  Xear-aight  acquired  as  a  result  of  etadj 
thus  rightly  bears  the  name  of  "school  myopia." 

Continuous  employment  of  the  eyes  upon  fine  work  exerts  the  same  iolhiieiioe 
a»  do  schooU.  Among  lithographcra  Cohn  found  forty-fi%'c  per  cent  sod  »wi«»g 
compoaitors  fifty- one  jier  cent  to  be  myopic. 

Tlic  male  and  female  sex  are  equally  predbtposed  to  myopia.  It  is  true  that 
fewer  near-sighted  women  are  seen  than  near-sighted  men.  This  \»  partly  due  to 
the  fact  that  the  course  of  study  among  women  is  shorter;  but  in  part  the  differ- 
ence between  the  sexes  which  makes  it  seem  as  though  there  were  but  few  near- 
sighted women  is  apparent  only,  since  women  are  unwilling  to  take  the  step 
involved  in  wearing  glaase»,  because  it  is  contrary  to  the  fashion.  But,  while 
the  two  sexes  arc  nearly  equal  in  this  regard,  it  is  assumed  that  certain  race», 
and  (;hief  among  them  the  Qermans,  are  mure  predisposed  to  myopia  than 
others  are. 

The  great  prevalence  of  near-sight,  particularly  among  the  young  who  are 
engaged  in  studies»,  has  justly  excited  wide-sjjread  anxiety  and  led  to  endeavors 
to  put  a  stop  to  the  extension  of  the  evil.  First  of  all,  the  excess  of  work  which 
many  scholars  have  at  present  to  struggle  with  should  be  reduced  to  the  pro]>cr 
Ktiindard.  The  way  in  which  scholars  are  overtasked,  both  in  school  and  at 
home,  is  admitted  by  most,  and  is  prejudicial  not  only  to  the  eyes,  but  also  to 
tilt'  boy's  whole  menUil  and  jihyf^ical  development.  Instruction  ought  not  to  be 
iM'sfiin  ton  early  (if  }M>ssibk',  not  before  the  completion  of  the  sixth  year),  and 
more  limi*  .Hhould  be  allotted  to  bodily  exercise,  especially  in  the  open  air,  than 
has  hitherto  Ix-en  the  case.  The  hours  set  apart  for  tliis  latter  purpose  should 
alternate  suitably  with  the  hours  devoted  to  sedentary  occupations,  so  as  to 
•erve  as  a  rest  from  both  mind-work  and  eye-work.  That  amount  of  work 
which  absolutely  has  to  be  done  should  be  done  under  the  most  favorable  con- 
ditions. To  accomplisli  this,  special  attention  must  be  paid  to  the  schools,  since 
the  work  done  at  home  ia  beyond  our  control.  The  requisites  which  in  many 
modern  schools  »re  already  carried  out  are:  1.  Good  illumination — i.  e.,  illu- 
mination of  sufficient  strength  and  falling  upon  the  work  in  the  proper  direc- 
tion; thf  light  should  come  mainly  fr(»n>  llic  scholnr's  left  side.  2.  Well-con- 
structed sentti  and  tables,  which,  furthermure,  should  be  adapted  to  the  varying 
size  of  the  scholars,  so  that  they  niuy  not  be  forced  to  adopt  a  l>ad  attitude  of 
the  body.  If,  however,  the  scholars  do  Ix-nd  forward  too  niucli,  esjtecially  in 
writing,  the  use  of  some  straighteiiing  ufjpliance  (that  of  Kallmann,  in  Breslau, 
is  the  best)  is  indicated.  8.  A  proper  method  of  instniction  in  writing  which 
will  enable  the  pujiil  to  keep  the  head  and  IxhIv  straight  while  writing  (upright 
seript).  4.  Good  print.  Hooks  having  too  fine  print,  and  also  too  fine  fancy- 
work  for  girl«,  should  bi^  banished  from  schools. 

While  no  one  doubts  that  near  work  prnducos  near-sight,  observers  have 
not  been  able  to  agree  as  to  how  it  docs  it.  As  regonls  this  point  diffeivnt 
theories  have  bren  prnjMmudfd,  each  one  of  which  (irobably  contains  one  or 
more  points  that  are  correct,  although  none  in  jierfictly  satisfactory.  Tliose 
who  accuse  the  nccommodatirm  of  being  the  cause  of  myopia,  declare  that  dur- 
ing acconimmlatiun  the  iutru-ocular  pressure  is  somewhat  elevated.     If  lhi»pro- 
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is  frequently  ropeatod,  it  may  lead  to  distention  of  tlie  posterior  portion  of 
Üke  «clera  where  it  ia  most  yielding.  According  to  Von  Gracfe,  inflamniatory 
procciscn  in  tlii'  cliurioid  and  sctiTa  ((«clerotico-chorioiditis  jjosterior),  hy  wliich 
the  sclera  ifl  rendered  «öfter,  arc  al8o  to  be  considered  in  this  coiuieetion. 
Others  l>clievcf  that  it  is  not  »u  nnieh  the  acctimniodation  as  the  fonvcrgience 
that  shouhl  be  miide  accountable  for  the  develüj>ment  of  myopia.  iua«imuei)  a« 
in  convergence  a  pressure  is  exerted  upon  the  eyeball  by  the  external  oculiir 
musclea,  which  leads  to  its  distention.  It  has  been  supposed  that  either  the 
internal  and  external  recti  which  in  the  act  of  convergence  are  stretched  more 
tightly  over  the  eyeball,  or  the  two  obli<|Ue.H  which  surround  the  eyeball,  tike 
a  sort  of  noose,  may  prrwiucc  this  effect.  The  mu.«>c!es  last  named  are,  further- 
more, so  situated  that  (hoy  press  upon  the  points  of  exit  of  some  of  the  venau 
vorticoBip  from  the  eyeball,  and  may  thus  produce  venous  congestion  in  the 
latter.  Convergence  might,  however,  [»roduee  distention  of  the  |)osterior  jiole 
of  the  eye  in  another  way — namely,  by  the  fact  that  the  tatter  i.«  displaced  out- 
ward, and  consequently  is  pulled  upon  by  tlm  optic  nerve.  This  action  would 
be  particularly  looked  for  when  the  optic  nerve  is,  relatively  speaking,  too 
short  (Hasner,  Weis.s).  This  view  gains  in  weight  from  the  re.sult  of  anutomieal 
investigations  which  show  changes  in  the  head  of  tfic  oj>tic  uen'e,  that  must  be 
referred  to  tension  exerted  in  the  direction  mentioned. 
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146.  Far-siout,  hypermetropiu *  (//),  is  that  refractive  condition 
of  the  eye  in  which  parallel  rays  falling  uj>on  the  eye  come  to  u  focus 
behind  the  retina  (at/,  Fig.  154).  Properly  speaking,  the  rays  do  not 
come  to  a  focus  at  all,  since  the  conical  beam  of  rays  has  its  apex  trun- 

ed  by  the  retina,  and  a  difftision-eircle  is  formed  there.  lly|>erme> 
bropia  is  the  opposite  of  myopia ;  in  the  former  the  ä|HJX  of  the  cone 
of  rays  lies  behind  the  retina,  in  the  latter  in  front  of  it. 

"What  sort  of  rays,  then,  can  come  to  a  focus,  so  as  to  form  a  distinct 
image  upon  the  retina?     When  we  try  the  experiment  of  bringing  an 
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object  from  infinite  distance  closer  to  the  cyo,  we  find  that  it  beooi 
more  and  more  indistinct;  for,  the  more  divergent  tlie  rays  are  when' 
they  reach  the  eye,  the  farther  behind  the  retina  will  they  be  when  they 
come  to  a  focus  (thus  in  Fig.  154  the  rays  coming  from  O  come  to  Aj 
focus  at/,),  and  hence  the  larger  will  be  the  diffusion-circles.  Accord- 
ingly, the  hypermetropic  eye  can  not,  without  the  exercise  of  aocommo« 
datton,  see  either  distant  or  near  objects  distinctly.  For  rays  to  come 
to  u  focus  upon  the  retina  of  a  hypermetropic  eye,  they  must  have  a 
certain  degree  of  convergence  as  they  fall  upon  the  eye  (c  r,  Fig.  155). 
From  what  point  would  rays  of  this  sort  start?  To  ascertain  this  wo 
must  prolong  the  rays  until  they  meet.  Tliia  would  occur  at  a  point  (/?, 
Fig.  155)  situated  behind  the  retina.    This  point  is,  accordingly,  the 

•  [From  brip,  in  escess  of,  itirpoif,  measure,  nm\  £i|>,  sight.]    Also  callod  hjrprr- 
opiA  [from  Owip  and  fi^]. 
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Kr-poiiit  of  the  hypermetrrtpic  eye,  since  we  understand  by  the  fur- 
poiut  that  point  froui  wlitcli  the  mys  muBt  emanate,  in  ordtT  to  be 
brought  to  a  focua  by  the  eye  when  it  is  exerting  no  accommodation. 
lit  the  present  case,  to  be  sure,  the  far-point  is  simply  an  imaginary 
point,  since  rays  emanating  from  a  point  behiud  the  eye  coiild  never 
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really  get  into  the  latter.  \Vc  say,  therefore,  that  the  hypermetropic 
eye  has  only  a  virtual  far-point,  and  we  designate  it  by  the  negative 
sign :  —  R. 

iMerminafion  of  Ifi/permetropia. — The  g^reater  the  hypermctropia, 
the  greater  must  be  the  convergence  of  the  rays  that  come  to  the 
eye  for  them  to  unite  upon  its  retina,  and  the  nearer,  therefore,  to 
tiie  {losterior  {Mile  of  the  eye  must  be  the  point  of  union  of  these  rays — 
i.  e.,  the  far-point.  The  degree  of  hypermetropia  is  determined,  there- 
fore, just  like  the  degree  of  myopia,  by  the  distance  of  the  far-point 
from  the  eye;  in  both  cases  the  error  of  refniction  is- the  greater  the 
nearer  the  far-point  is  to  the  eye.  The  only  difference  is  that  in  my- 
opia the  far-point  lies  in  front  of  the  eye,  and  in  hypermetropia  behind 
it.  For  this  reason  the  distance  of  the  far- point  can  nut  in  hyperme- 
tropia be  meiLsured  directly  as  it  can  in  myopia.  We  are  forced  to  de- 
termine it  indirectly  by  means  of  the  test  with  glasses.  In  doing  this 
we  start  as  in  correcting  myopia  with  the  attempt  to  cause  such  a 
refraction  of  parallel  rays  by  means  of  the  lens  that  they  shall  come  to 
a  focus  upon  the  retina.  Obviously  a  convex  lens  is  required  for  this 
purpose,  since  this  alone  is  able  to  render  parallel  rays  convergent.  If 
the  far-point  of  the  hyiiermetropic  eye  liea  at  —50  centimetres  {If, 
Fig.  153),  wo  would  have  to  take  a  lens  of  50  centimetres'  focal  length 
(=  2D).  Parallel  rays  (xx,  Fig.  155)  falling  upon  the  lens  will  be 
BO  refracted  by  the  latter  as  to  converge  toward  its  focus,  which  lies  50 
centimetres  behind  the  eye — i.  e.,  at  the  same  spot  as  the  far-point. 
These  rays  will  therefore  be  brought  to  a  focus  upon  the  retina.  In 
this  discussion,  for  the  sake  of  simplicity,  the  distance  of  the  glass  from 
the  eye  lias  been  neglected. 
41 
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As  the  same  thing  can  be  prored  for  hypermetropia  of  any  other 
degree,  the  following  statement  may  be  enunciated  as  a  general  law : 
To  see  distinctly  at  infinite  distance  the  hypermetropic  eye  roquiras 
that  convex  glass  whose  focal  length  is  equal  to  the  distance  of  the  far- 
point  from  the  eye.  Accordingly,  the  glass  that  corrects  the  hyperme- 
tropia gives  through  its  focal  length  at  once  the  position  of  the  far- 
point  and  the  degree  of  the  hypermetropia.  We  eipreas  the  latter  by 
the  number  of  dioptres  which  the  correcting  glass  represents;  and 
hence  say  a  hypermetropia  of  2  D,  not  a  hypermetropia  with  far-point 
at  50  centimetres. 

While  it  was  said  above  that  hypermetropes  can  see  neither  distant 
nor  near  objects  distinctly,  this  statement  only  holds  good  when  no 
accommodation  is  made ;  for  by  means  of  his  accommodation  the 
hypermetrope  is  able  to  increase  the  refractive  power  of  his  eye  pre- 
cisely as  if  a  convex  glass  had  been  place<l  in  front  of  it :  he  can  correct 
his  hypermetropia  by  accommodation.  This  fact  renders  the  exact  de- 
termination of  hypermetropia  difficult.  If  we  examine  the  same  indi- 
vidual at  different  times  for  hypermetropia,  we  find  that  it  is  not  always 
of  the  same  degree.  For  example,  it  may  happen  that  in  a  yoang- 
hypermetrope  the  hypermetropia  to-day  is  found  to  be  1*5  Z>,  a  little 
while  after  1  D,  and  to-morrow  perhaps  3  />.  Which  of  these  find- 
ings is  the  correct  one?  If  we  instill  atropine  several  times  and  again 
make  the  examination,  we  now  find  the  hypermetropia  to  be  constantly 
the  same  but  considerably  higher  tlian  before — e.  g.,  4/?. 

The  only  possible  reason  for  tlie  fact  thut  the  hypermetropia  as 
determined  by  us  before  atropinization  was  too  low  is  that  a  part  of 
this  hypermetropia  is  concealed  all  the  time  by  the  accomnjodation. 
The  hypermetrope  is  so  accustomed  to  accommodate  that  he  is  unable 
to  relax  his  accommodation  completely  even  when  convex  glasses  are 
placed  in  front  of  the  eye,  which  render  his  accommodation  superfluous, 
or  even  a  disadvantage.  Thus,  with  a  glass  which  completely  correct« 
his  hypermetropia,  the  hypermetrope  sees  at  a  distance  no  less  badly, 
and  as  a  general  thing  much  worse  than  with  his  naked  eye.  If  we 
begin  by  placing  very  weak  convex  glasses  before  his  eyes  and  then 
gradually  use  stronger  and  stronger  ones,  he  will  indeed  keep  on  relax- 
ing his  accommodation,  but  only  up  to  a  certain  point ;  he  always  retains 
a  reserve  of  accommodation  which  he  is  unable  to  give  up.  With  the 
glass  thus  found,  combined  with  this  residuum  of  accommodation,  he 
corrects  his  hypermetropia  and  sees  distinctly.  If  still  stronger  glasses 
are  placed  before  the  eye,  these  combined  with  his  residuum  of  accom- 
modation produce  an  over-correction  of  his  hypermetropia,  and  vision 
will  once  more  become  indistinct.  When,  then,  we  determine  the  glass 
with  which  the  hypermetrope  sees  most  distinctly,  this  does  not  give  us 
the  entire  hypermetropia,  but  only  that  portion  of  it  which  has  been 
unmasked  by  the  relaxation  of  the  accommodation.    This  is  called  the 


HYPERMETROPIA. 


643 


manifest  hypermetropia  (ffm).  The  remaining  portion  which  is  con- 
cealed all  the  time  hy  the  accommodation  is  the  latent  hypermetropia 
{lit).  Both  together  constitute  the  total  hypermotropia  (7/7) — L  e., 
Ht  =5  Htn  +  HI.  In  the  example  adduced  above,  Hm  ^  1  -^  2  D,  H  i 
=  in,  and  henoe  m  =  'i  -HD. 

The  ratio  of  H  m  to  H  f  depeuda  upon  the  range  of  accommodation» 
and  hence  chiefly  upon  the  age.  In  youth,  when  the  range  is  large» 
upward  of  haff  of  the  total  hypermetropia  is  latent.  The  older  a  man 
grows  the  more  the  mnnifest  hypermetropia  increases  at  the  expense  of 
that  which  is  latent,  until  in  old  age  //w  =  I/(.  Hence,  when  we  test 
an  old  man  with  convex  glasses,  wo  find  the  whole  hypermetropia  at 
once;  but  in  persona  who  still  possess  the  power  of  accommodation,  a 
determination  of  the  total  hyporraetropia  is  possible  only  after  paralyz- 
ing the  accommodation  with  atropine. 

In  practice  we  generally  abstain  from  determining  the  total  hyper- 
metropia, because  atropinization  is  accompanied  by  effects  which  are 
disagreeable  to  the  patient  and  wliich  last  sevend  days.  We  ascertoin 
simply  the  manifest  hypermetropia  from  which,  when  we  know  the  age 
of  the  subject,  a  conclusion  can  be  drawn  as  to  the  total  hypermetro])iu. 
However,  that  we  may  come  as  near  as  possible  to  the  true  value  of  the 
hypermetropia,  we  try  to  get  the  patient  to  relax  his  accommodation  all 
that  he  can.     For  this  purpose  we  proceed  as  follows : 

We  place  before  the  eyes  of  the  patient,  who  is  stationed  at  a  distance 
of  ß  mefrc.1  from  »S'/w//«'«'*  test-card,  convex  glasses,  passing  very  gradu- 
allij  from  weaker  to  stronger  ones,  until  the  best  possible  vision  has  been 
obtained.  The  strongest  cofivcx  glass  with  which  this  occurs  gives  the 
manifest  hypermetropia. 

It  very  often  happens  that  a  hypcrmetrope  has  perfect  vision  with 
the  naked  eye,  because  he  corrects  his  entire  hypermetropia  by  means 
of  the  accommodation.  In  this  case  it  is  obviously  impossible  to  im- 
prove his  visual  acuity  with  convex  glasses.  For  a  case  of  this  sort  the 
statement  made  above  may  be  expressed  as  follows:  The  degree  of 
manifest  hypermetropia  is  determined  by  the  strongest  convex  glass 
nnfh  tphich  the  patient  is  still  able  to  see  as  well  as  vrith  the  naked  eye. 
The  fact  that  any  one  sees  as  well  at  a  distance  with  a  convex  glass  as 
with  the  naked  eye  is  of  itself  enough  to  prove  the  existence  of  hyper- 
metropia, since  the  emmetrope  and  still  more  the  myope  aee  worse  with 
even  weak  convex  glasses ;  for,  while  concave  glasses  can  be  overcome 
by  a  suitable  effort  of  accommwlation,  there  is  no  way  of  combating  the 
effect  of  a  convex  glass,  since  the  crystalline  lens  can  not  be  made  flatter 
than  it  is  already  when  in  the  state  of  accommodative  repose. 

In  the  case  of  hypermetropia,  even  more  than  in  that  of  myopia» 
it  is  necessary  to  confirm  the  results  of  the  subjeetivo  method  by  an 
objective  determination.  It  is  only  exceptionally  the  case  tliat  wo  get 
at  the  tnie  amount  of  hypermetropia  by  the  former  method ;  but  with 
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objective  tot  the  total  h jpennetropim  ii  imall j  taastd,  the 
iasion  hang  eaütdj  nAMXtd  dnrii^  the  eTimtintfion  vifch  the 

loaoope. 
GauBM  of  HypCfBttzopta.— The  oonditkn,  d»nct«TÜtic  of  hr 
ipia,  in  which  punllel  iactdent  njB  are  faroa^ht  to  a  fiictis 
the  retina,  mar  in  general  be  pffx)daeed  br  tvo  different  canaes : 

1.  The  re/raciirefower  of  the  media  is  altered  so  that  parallel  rars 
are  not  rendered  salBcientlj  convergent  to  &>me  to  a  focns  npoo  the 
reiioa,  althoagh  the  huter  is  in  the  same  position  as  in  the  normal  eve. 
The  cornea  maj  be  the  part  acconn  table  for  this  state  of  things — e.  g^ 

rhen  it  is  flattened  by  cica&ioeL    In  Ulis  case  diere  is  alwav«  a  ooi 
)le  degree  of  astigmatism  as  well.    The  lens  gives  rise  to  h] 
Btropia  when  its  refractive  power  abates,  as  is  the  case  in  adt 
!;  old  people,  therefore^  if  they  were  formerly  emmetropic,  become 
then  slightly  hjpennetropic  (see  page  624).    A  high  degree  of  hyperm« 
tropia  ia  produced  when  the  lena  disappears  from  the  papUlary  aresyl 
either  from  being  luxated  or  becanse  it  has  been  removed  from  the  eve 
altogether  (aphakia).     In  this  case  the  eye  is  not  only  hypermetropic, 
bat  also  loses  its  power  of  accommodation. 

2.  Hj-permetropia  also  develops  when  the  refractive  power  of  the 
eye  is  normal,  but  the  retina  lies  too  far  forward  {arial  hyptrmttropia). 
This  may  be  produced  by  a  protrusion  of  the  retina  due  to  exudations 
or  tumors.  But  the  most  ordinary  cause  of  axial  hypermetropia  is 
congenital  shortness  of  the  entire  eye,  so  that  typical  hypennetropia^ 
constitutes  the  opposite  to  typical  myopia,  which  is  produced  by  abnor^ 
mally  great  length  of  the  eyebalL 


Typical  Htpebmetropia. 

147.  Symptoms. — Hypermetropes  would  have  indistinct  vision  both 
for  distance  and  near-points  if  they  possessed  no  accommodation.  In 
hypermetropes,  therefore,  this  latter  plays  a  particularly  important  part. 
Tlie  range  of  accommodation  is  the  same  in  hypermetropia  as  in  emme- 
tropic. In  the  former,  to  be  sure,  wo  find  that  the  near-point  lies  at  a 
greater  distance  from  tlie  eye.  But  this  is  due  to  the  fact  that  a  part 
of  the  range  of  accommodation  is  employed  in  correcting  the  hyperme- 
tropia, and  only  tho  residue  is  available  for  making  the  accommodation 
for  shorter  distances.  Tlie  hypermetrope,  in  fact,  must  accommodate 
even  when  looking  at  a  distance.  When  the  power  of  accommodation 
is  good  and  the  liypermetropia  is  not  too  large,  the  total  hypermetropia 
may  bo  corrected  by  the  accommodation,  so  that  tliere  is  distinct  vision 
at  a  distanoe  {fncuUative  hypermetropia).  In  the  hi.eher  degrees  of 
hypormetropiu  the  effort  involved  in  concealing  the  latter  completely 
by  means  of  the  accommodation  begins  to  cause  trouble.  To  effect 
this  concealment,  a  very  great  effort  of  accommodation  most  be  made. 
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which,  owing  to  the  connection  between  the  accommodation  and  con- 
vergence, is  only  possible  provided  that  a  etrong  impulse  for  tJie  per- 
formance of  convergence  is  at  the  same  time  set  into  action.  In  this 
case,  therefore,  distinct  distant  vision  is  poHsible  only  when  excessive 
convergence  is  made  at  the  same  time — i.  e.,  wlien  theix«  is  an  inward 
squint.  Thia  ia  relative  hypermetropia.  In  this  fact  is  contained  the 
reason  why  strabismus  couvergeus  most  frequently  occurs  in  conse- 
quence of  liypermetropia.  In  the  high  degrees  of  hyjifrmetropia  it 
becomes  absolutely  impossible  to  correct  the  hypermetropia  coniplct«lj 
by  accommodation,  so  that  there  is  indistinct  vision  even  for  distance 
{(ibttolute  hitpermetropia,  Donders). 

The  extent  to  whiidi  hyitermotrupia  can  be  concealed  by  accommo- 
dation depends  not  only  upon  the  degree  of  the  liypermetropia,  but 
also  upon  the  strength  of  the  accommodation.  But  this  latter  changes 
with  age,  diminishing  steadily  with  advancing  years,  and  in  old  age 
becoming  equal  to  zero.  Every  variety  of  hypermetropia,  therefore, 
even  the  slightest,  becomes  absolute  in  an  advanced  age. 

While  the  hyperraetrope  needs  accommodation  even  for  distant 
vision,  this  is  much  more  the  case  for  iffeing  Jtear  bi/.  Let  us  assume 
that  work  has  to  be  done  at  a  distance  of  33  centimetres.  For  this 
purpose  the  emmetrope  must  use  an  accommodation  of  3  Z>.  A  hy]ier- 
metrope  with  H  =  2  D  also  uses  the  same  amount  of  accommodation  ; 
but  he  must  employ  3/^  more  to  conceal  his  hypermetropia,  so  that 
altogether  he  must  make  an  accommodative  effort  of  5  D.  Now.  as  his 
range  of  accommodation  is  no  greater  than  that  of  an  emmetrope,  this 
gi'cat  amount  of  accommodation  causes  him  more  trouble  in  proportion. 
He  may  be  said  to  be  always  dragging  about  with  him  a  deficit  in  his 
accommodation  (namely,  the  quota  of  the  latter  necessary  for  the  cor- 
rection of  the  hypermetropia) — a  deficit  which  causes  him  to  become 
exhausted  quickly  when  doing  near  work  (asthenopia).  At  first,  vision 
near  by  is  distinct  and  the  work  goes  on  well;  but  after  a  little  while 
the  object,  print,  near  work,  etc.,  begin  to  grow  indistinct  and  are 
blurred  as  though  enveloped  in  a  slight  haze.  This  is  owing  to  the 
fact  that  the  overstrained  accommodation  gives  way,  and  the  eye  then 
ceases  to  be  properly  focused,  A  short  period  of  rest,  during  which  the 
eyes  look  at  distant  objects  or  are  kept  closed,  enables  them  to  continue 
the  work.  But  the  same  obscuration  soon  seta  in  again  and  compels 
another  pause.  These  periods  of  enforced  rest  arc  the  more  frequently 
repeated  and  are  of  greater  duration  the  longer  the  work  is  kept  up. 
With  tliem  are  associated  pains  in  the  eyes,  and  more  especially  pains 
in  the  forehead  and  headaches.  The  symptoms  just  described  at  first 
make  their  appeiirance  only  after  quite  prolonged  work — i.  e.,  toward 
evening.  But  afterward  they  keep  coming  on  earlier  and  earlier  all 
the  time,  so  that  the  work  has  to  be  set  aside  after  even  a  short  period 
of  exertion.    After  quite  a  prolonged  rest — for  example,  after  the  repose 
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of  Snnday  or  upon  laying  work  aside  for  several  weeka — the  symptocu 
probably  disappear  for  a  number  of  days  iu  succession,  but  onlj  to 
appear  again  in  the  old  way  and  in  an  even  more  aggravated  fashion. 
They  are  depeadeiit  upon  an  exhaustion  of  the  ciliary  muscle,  and  are 
hence  comprised  under  the  name  of  asfhenopia  accommodativa  to  dis- 
tinguish thorn  from  asthenopia  musculuris  (see  page  544),  and  asthe- 
nopia nervosa  (see  page  -to I). 

The  injuriouB  eöect  of  hypermetropia  upon  vision  at  near-points 
furthermore  finds  expression  in  the  fact  that  prellt i/opia  sets  in  earlier 
than  in  emmetropic  eyes.  At  the  same  age — i.  e.,  with  the  same  range 
of  accommodation — the  near-point  of  the  hj'permetrope  is  situated 
farther  from  the  eye  than  is  that  of  the  emmetrope.  In  an  emmetrope 
of  thirty-three  years  with  a  range  of  accommodation  of  Q  D,  P  lies  at 
17  centimetres  (100-^  G  =  17).  A  hypermetrope  having  a  hyperme- 
tropia of  2  D  would  at  the  same  age  and  with  the  same  range  of 
accommodation  have  his  near-point  at  25  centimetres  (correspond- 
ing to  4  D),  since  he  has  to  use  2  Z>  of  his  range  of  accommodation 
for  correcting  his  hypermetropia.  Such  a  hypermetrope,  therefore, 
■would  be  already  on  the  threshold  of  presbyopia  at  the  age  of  thirty- 
three. 

The  shortness  of  the  eyeball,  which  is  the  cause  of  hypermetropia,  is 
congenital.  Almost  all  new-born  children  are  hypermetropic,  their 
eyes  being  originally  constructed  too  short  in  proportion  to  the  re- 
fractive power  of  the  media.  As  the  child  grows  the  eyeballs  elongate 
in  proportion,  so  that  they  acquire  their  requisite  axial  length  and  be- 
come emmetropic — indeed,  the  elongation  may  even  shoot  beyond  the 
mark  and  pass  into  myopia.  On  the  other  hand,  the  elongation  of 
the  eye  may  fail  to  take  place  to  a  sufficient  degree,  so  that  a  certain 
amount  of  hypermetropia  roraaius  during  the  whole  life.  This  is  the 
typical  hypermetropia  of  wliich  we  are  speaking.  Higher  degrees  of  it 
can  be  recognized  by  external  examination  of  the  eye,  which  shows 
that  the  eyeball  is  distinctly  diminished  in  size,  and  that  the  anterior 
chamber  is  shallower  and  tlie  pupil  more  contracted  than  usual.  If 
the  eye  is  turned  strongly  inward,  we  see  that  the  equatorial  region  of 
the  ball,  which  comes  into  view  in  the  outer  part  of  the  paljjebral 
fissure,  presents  a  particularly  sharp  curve  as  it  turns  backward,  and 
thus  gives  e\'idence  of  the  shortness  of  the  axis  of  the  eyeball.  The 
ophthalmoscope  shows  that  the  interior  of  the  eye  is  sound.  The 
hypermetropic  eye,  accordingly,  is  an  optically  defective  but  otherwise 
healthy  eye,  as  opposed  to  the  myopic  eye,  which  is  diseased,  and  is 
hence  threatened  by  dangers  of  various  kinds. 

In  the  extreme  degrees  of  hypermetropia,  however,  the  eye  is  no 
longer  normal  as  a  whole.  It  is  abnormally  small  even  from  the  time 
of  birth  (slight  degree  of  mierophthalmus),  and  many  of  these  eyes 
show  other  signs  of  disturbed  development,  such  as  a  strikingly  small 
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cornea,  marked  astigmatism,  deficient  visual  acuity  due  to  incomplete 
formation  of  the  retina,  Jind  other  congenital  anomalies, 

Hypermetropia  does  not  change  in  it-s  amount  in  the  later  years  of 
life ;  it  remains  stationary.  It  is  true  that  to  the  laity  it  appears  as  if 
it  increased  with  yeurs,  because  vision  at  near-points  becomes  steadily 
worse ;  but  this  is  not  due  to  an  increase  in  the  error  of  refraction,  but 
to  a  diminution  in  the  power  of  accnmmo<lation,  the  result  of  which  is 
that  Less  and  less  of  the  hypermetropia  is  concealed  all  the  time. 

Treatment — There  is  no  way  of  curing  hypermetropia — i.  o.,  of 
transforming  it  into  emmetropia.  All  that  we  can  do  is  to  make  vision 
distinct  by  means  of  properly  selected  glasses,  and  enable  it  to  be  per- 
formed without  exhaustion. 

When  the  hypermetropia  ia  not  great  and  the  range  of  accommoda- 
tion is  good,  glasses  for  distant  vision  are  not  as  a  general  thing  re- 
quired. In  the  contrary  event,  convex  glasses  are  given  which  correct 
the  manifest  hypermetropia.  Full  correction  of  the  total  hyperme- 
tropia is  indicated  only  in  those  cases  in  which  we  have  to  combat  a 
strabismus  convergcns  which  is  beginning  to  develop  in  consequence  of 
the  hypermetropia. 

Of  more  importance  than  the  glasses  for  distance  are  those  for  near- 
points  or  for  working.  A  priori  it  would  seem  best  to  have  the  hypcr- 
metrope  start  at  once  by  wearing  that  ghiss  which  corrects  the  total 
hypermetropia  and  bo  converts  him  into  an  emmetrope ;  but  in  that 
case  ho  would  soon  quite  forget  altogether  how  to  correct  his  hyperme- 
tropia by  his  accommodation  in  case  of  necessity.  Should  he  tlien  be 
accidentally  deprived  of  his  ghwjses  he  would  be  thrown  into  a  very  em- 
barrassing position,  for  ho  could  no  longer  see  clearly  with  his  naked 
eye.  We  therefore  confine  ourselves  to  correcting  the  hypermetrojiia 
by  glaeses  only  as  far  as  is  required  to  relieve  the  asthenopia.  For  this 
purpose  it  is  generally  sufficient  tn  give  a  gliiss  which  is  somewhat 
stronger  than  the  manifest  hypermetropia.  Inasmuch  as  the  latter  in- 
creases with  the  age,  the  hypermetrope  must  keep  on  getting  stronger 
and  stronger  glasses.  It  is  only  when  he  has  reached  an  age  at  which 
his  range  of  accommodation  =  0,  and  hence  his  whole  hypermetropia 
has  become  manifest,  that  he  can  keep  on  using  the  same  glasses. 

Formerly  prcsbjopia  and  hyjvermctropia  were  confounded  with  each  other. 
People  saw  a  hypermetropic  boy,  whose  eycB  soon  grew  tired  in  sludyinfj,  fitially 
take  up  liis  grandfather's  glasses  and  then  read  well  with  tlwm  and  without  be- 
coming tired.  Thi»  boy,  they  renM>Ded,  must  have  the  same  sort  of  weakness 
in  his  eyes  that  his  grandfather  has,  only  that  with  him  it  has  already  set  in  in 
youth,  anil  therefore  i»  very  seriou.s.  Thia  "  heljctiido  viaus"  was  attributed  to 
a  weakness  of  the  retina,  and  it  was  believed  that  it  might  jwssibly  go  on  to 
blindness.  The  only  thiug  which  might  have  ameliorated  the  sufferings  of  the 
hypermetrope — numety,  tlie  use  of  glasses — was  held  to  be  particularly  dan- 
gerous. 

Donders  deserves  the  grett  credit  of  having  discovered  the  true  nature  of 
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these  conditions.  The  weak  sipht  of  thr-  old  man  is  prpsbyopia  and  hns  refer- 
ence to  the  accommodation.  It  is,  hnwcvtr,  not  an  anomaly  of  acoommodA- 
tion,  but  a  physiological  state.  The  Ixiy's  bad  «ipht  di-pends  upon  hypemw- 
tropia,  which  has  nothiu^ßf  to  do  with  the  accommodation,  but  is  an  error  of  le- 
fraction  that  exist»  in  the  eye  even  when  destitute  of  accommodatioD.  The 
similarity  of  the  two  conditions  lies  in  their  having  one  .symptom  in  common — 
namely,  impairment  of  vi-xion  for  near-points;  find  yet  even  in  this  rej^rd  thrre 
is  an  essential  diilereuce  1>etween  the  two.  In  presbyopia,  distinct  vision  itigide 
of  a  certain  distance  is  simply  impo*.sible.  In  hypermetnipin,  distinct  vision  at 
ncar-iK<inta  in  generally  still  possible,  but  is  associated  with  strainiag  acd  ex- 
haustion of  the  eyes. 

Donders  al.so  has  shown  tliat  the  asthenopia  of  hypcrmetropes  ia  not  tfa« 
«ym[>loni  of  a  serious  lesion  of  the  eye,  but  i»  an  evidence  of  fatigue  conttequmt 
upon  unraviirahU'  (ipticul  conditions.  As  this  can  bß  corrected  by  simple  optical 
devices,  a  countless  number  of  men  have  since  hia  discovery  been  rendctvd 
once  more  capable  of  work  and  have  been  freed  from  the  dread  of  growing 
blind. 

Myopia  is  a  state  which  is  the  direct  <»ppo8itc  of  hyjtcrmetropia,  and  jet 
there  are  coses  in  which  these  two  condLtion.H  might  be  confounde«!  with  eitch 
other.  When  the  hypemietropiii  has  s»ttained  a  very  high  degree,  even  the 
strongest  effort  of  accommodation  proves  insufficient  for  rendering  the  vi.sion  at 
near-points  distinct.  Then  the  liypermetropc  gives  up  altogether  the  attempt 
to  focus  his  eye  for  near-points  and  holds  the  object  iis  close  as  possible  so  as  to 
get  large  retinal  im-igc-i,  just  as  amblyopic  patienta  do  (see  page  608).  In  this 
way  very  small  print  is  often  read  well  at  a  distance  of  a  few  centimetres,  and, 
as  at  the  same  time  distant  vision  is  pretty  bad,  such  a  condition  may  easily  be 
regarded  as  myopia.  Examination  with  glasses  and  with  the  ophthalmoscope, 
however,  will  at  once  rectify  the  diagnoais. 

The  difference  in  the  capacity  of  the  emmetropic,  the  myopic,  and  the  hy- 
permetropic eye  for  close  work  is  explained  bj'  the  difTcreace  in  the  position  of 
their  region  of  accomraoilatioiu  In  emmetropia  it  has  its  normal  jxjsition,  in 
myopia  it  is  carried  inward  (3,  Fig.  143),  and  m  hypermetropia  it  is  displaced 
outward.  For  example,  supjHjse  that  an  emmetrope  twenty  years  old  has  a 
range  of  accommodation  of  10  I>.  Hia  region  of  accommodation  then  extends 
from  OD  to  a  point  10  centimetres  from  the  eye  where  his  near-point  is  situated 
(1,  Fig.  143),  Let  us  compare  with  this  an  eye  having  the  same  range  of  ac- 
commodation but  with  a  total  hypermetropia  of  4  D.  In  this  case  R  lies  25 
centimetres  (100-1-4  =  25)  behind  the  eye.  In  the  graphic  representation  of 
the  region  of  accommodation  annexed  (Fig.  15(5),  R  is  denoted,  for  purposes  of 
more  ready  demonstration,  as  being  sltuHted  on  the  farther  side  of  ».  [This 
assumption  is  justified  by  the  following  consideration.  J  Rays  coming  to  the  eye 
from  a  finite  distan(;e  are  divergent.  The  farther  the  starting-point  of  the  rays 
is  situated  from  the  eye  the  more  does  the  divergence  of  the  former  decrease, 
finally  di.iainpearing  altogether  and  being  replaced  by  parallelism  when  infinite 
distance  hau  been  reached.  If  now  we  could  go  beyond  infinite  distance,  the 
parallelism  of  the  ray«  would  be  transformed  into  convergence.  As  now  in 
hypermetropia  the  fnr-point  is  the  päace  from  which  rays  that  are  convergent 
emanate,  the  custom  is  to  denote  them  a.s  lieing  situated  beyond  infinity,  and  in 
the  example  selected  at  a  distance  of  25  centimetres  (corresponding  to  4  TV)  from 
it.    To  change  its  adjustment  from  this  far-point  to  infinity,  the  eye  must  em- 
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ploy  4  D  of  ila  ttccommodntion.  Hence,  out  of  its  whole  range  of  accommoda- 
tioD  of  10  I)  ihe  eje  has  only  6  D  !t>ft,  »nd  by  means  of  thia  it  is  enabled  to  ap- 
proiich  to  within  17  centimetiv»  of  the  object.  This  distance,  therefore,  is  the 
ncar-|M»int  (  Pi  of  the  eye.  Ftence,  the  region  of  accommodation  of  the  latter  is 
displaced  in  eompiirison  with  that  of  an  emmetropic  eye  having  the  same  range, 
and  in  such  a  way  that  the  ncar-jKiint  is  made  to  recede  7  centinietrcH  farther 
away,  while  at  its  extremity  the  region  of  accommo<lation  extends  somewhat 
beyond  infinity.     But  as  thlR  latter  portioa  can  not  be  utilised,  and,  on  the 
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other  hand,  the  recession  of  the  near-point  hinders  the  vision  of  object«  clofte 
by,  the  dL-iplaeement  of  the  region  of  »ccommodation  is  unfavorable  to  the 
»vaitaljility  of  the  eye  for  working  purposes. 

The  ailculation  of  the  range  of  accoinraodation  in  hypermetropia  is  made 
according  lo  the  same  rules  as  in  emmetropia.  P  can  I»  found  directly,  Ä  is 
determined  by  the  convex  glass  which  correct«  the  error.  A  =  P —  R  \  hence, 
in  the  example  selected,  A  =  Q  D  —  {—  A  D)  =  iO  D.  R  must  be  taken  as  a 
negatire  becau."«  it  lies  on  the  farther  side  of  qd. 

The  approximate  position  of  Ä,  and  con»eqirently  the  Ht^  can  be  eatimated 
from  the  position  of  P,  it  being  presupposed  that  we  know  the  age  and  hence 
the  range  of  nccommodation  of  the  »ubject.  Since  A  =  P—R,  R=P — A. 
If  in  the  above  example  P  had  been  found  to  be  6  />,  and  for  the  age  of  twenty 
A  is  assumed  lo  be  10  Z>,  we  would  have  i?  =  6Z'  —  10X1=  — 4Z>.     Hence, 


CHAPTER  V. 
ASTIGMATISM. 

148.  By  astigmatism*  (Ja)  we  understaDd  that  refractire  cimc 
tiou  of  the  eye  in  which  parallel  rays  falling  upon  the  eye  are  nol  rtt\ 
any  spot  brought  to  a  common  focus.     This  is  the  case  when  the  ciirva 
ture  of  the  refracting  media  is  irregular.     We  distinguish  two  kinds  Of  I 
astigmatism  :  regular  und  irregular. 

(a)  Regular  Astiytnafism. 

This  is  present  when  the  curvature  of  the  refracting  media  is 
lar  in  each  meridian  considered  by  itself,  but  the  separate  meridian«' 
are  distinguished  from  each  other  by  differences  in  curvature.      The 
place  in  which  regular  astigmatism  is  ordinarily  situated  is  the  cornea. 
In  Fig.  157,  let  o  h  f,  A,  represent  the  circumference  of  the  cornea,  and 
tf  {',  its  vertical  meridian,  which  has  a  curvature  such  that  the  rajs  paa»» 
lug  through  it  come  to  a  focus  at/.     In  the  meridian  immediately  ad- 
joining the  curvature  becomes  a  little  greater,  and  in  the  t*;;  "  m^ 
meridians  it  increases  still  more,  so  that  it  reaches  its  maxinj  .ie 
in  the  horizontal  meridian,  //  A,.     The  rays  passing  through  the  latter 
may  be  supposed  to  intersect  at  a  point  as  near  as  /,.     In  this  pas*»  we 
would  have  one  meridian  {the  horizontal  one)  whicli  refracts  rays  most 
strongly,  and  onc3  perpendicular  to  it  (the  vertical  meridian)  whii-h  re- 
fracts most  feebly;  and  corresponding  to  these  are  the  most  anterior 
and  posterior  foci,  /,  and  /.     These  two  meridians  thus  «listinguisbed 
from  the  others  are  called  principal  meridians ;  those  meridians  lying 
between  them  represent  all  intermediate  stages  of  curvature  and  re- 
fractive power,  and  the  rays  passing  through  them  cut  the  optica]  axis 
in  the  portion  lying  between  /and  /.     We  see  that  when  the  refract- 
ing surface  is  of  this  character  there  is  no  point  at  all  at  which  all  the 
rays  passing  through  the  surface  will  unite.     The  image  of  a  point 
cast  by  such  a  surface  is  therefore  not  a  point,  but  a  diffusion-circle.    In 
reality,  however,  the  image  does  not  always  have  a  circular  shape.     On 
the  contrary,  its  shape  depends  upon  the  spot  where  the  retina  is  situated 
and  cuts  the  conical  beam  of  rays.     Let  us  assume  that  the  retina  is 
at  the  point  marked  1.    Here  the  rays  passing  through  the  horizontal 
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meridian  are  already  brought  closer  together  than  those  incident  upon 
the  vertical  meridian  ;  hence  the  section  of  the  cone  of  rays  is  an  erect 
ellipae.  At  2,  where  the  rays  of  the  horizontal  meridian  come  exactly 
to  a  fociia,  the  image  of  the  point  is  a  vertical  line.  In  the  same  way 
the  shape  of  the  cross-section  of  the  beam — i.  e.,  t!ic  shape  of  the 
diffasion-image  of  the  point — can  be  ascertained  for  the  more  pos- 
teriorly situated  points  from  -:?  to  7.  This  cross-section  is  soniftimes 
an  erect  or  horizontal  ellipse,  sometimes  a  vertical  or  horizontal  line, 
according  as  it  is  more  or  less  distant  from  the  refracting  surface.     It 
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is  only  at  4  that  there  is  really  a  diffusion-circle,  because  here  the  rays 
passing  through  the  horizontal  meridian  diverge  to  the  same  extent 
that  those  of  the  vertical  meridian  converge. 

The  I'txion  of  an  astigmatic  person  is  not  simply  indistinct,  like  that 
of  one  who  is  near-sighted  or  fur-sighted,  but  presents  special  pecul- 
iarities on  account  of  the  elongated  form  of  the  diflfusion-images.  Cir- 
cular surfaces — e.  g-,  the.  full  moon — appear  elliptical.  Straight  lines 
sometimes  look  distinct,  sometimes  indistinct,  according  to  the  direction 
that  they  take.  I^et  us  assume  that  we  have  before  us  an  astigmatic 
who  sees  the  diffusion-image  of  a  point  under  the  form  of  a  vertical 
line  {2,  Fig.  157).     If  this  man  looks  at  two  lines  standing  perpen- 
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dicular  to  <*iu-h  other  (.1,  Fig.  158),  the  horizontal  Jino  appears  broad- 
ened and  indistinct  but  the  vertical  line  seems  sharply  defined.  For,  we 
may  imagine  these  two  lines  to  be  composed  of  an  infinite  number  of 
points.     Each  one  of  these  points  appears  upon  the  retina  of  the  astig- 


Fig,  IW.  — Kgtinal  Ihacir«  in  Rcoi-ij.»  AitTKiHATltM. 
A,  two  Itnea  placed  perpeodiculiu-  to  each  other  ;  ft,  their  Iroag«  upon  tb«  rvtliw  ot  au  wtUg-  ' 

tnatlc  person.  ' 

matic  patient  under  the  form  of  a  short  vertical  stroke,  and  the  hori- 
zontu)  line  therefore  sippenrs  under  the  form  of  a  series  of  auch  vertical 
strokes,  which  contesce  and  constitute  a  band  of  a  certain  degree  of 
breadth  (Z»',  Fig.  158).  In  the  vertical  line  the  vertical  strokes  are 
superimposed  iiml  cover  each  other,  so  that  the  line  appears  sharply  de- 
fined. Only  the  uppermost  and  lowermost  diffusion-lines  extend  beyond 
the  terminal  points  of  the  vertical  line  and  make  it  seem  somewhat 
longer  tluui  it  is.  Thus,  for  every  astigmatic  person  there  is  one  direc*j 
tion  in  which  straight  lines  appear  most  distinct,  and  one,  perpendiculs 
to  it,  in  which  they  appear  most  confused.  .Most  people  looking  atten- 
tively at  Fig.  1  jy  will  find  that,  of  the  radii  of  tlie  star,  two  situatedj 
opposite  to  each  other  are  distinguished  by  being  particularly  btack« 
while  the  radii  which  are  placed  perpendicular  to  them  are  the  ones 
that  look  most  pale  and  hazy.  If  one  is  unable  to  perceive  this  phe- 
nomenon with  the  nuked  eye,  he  can  readily  do  so  if  he  makes  himself 
artififiiiHy  astigmatic  by  placing  a  cylindrical  glass  before  his  eye.* 

The  principal  meridians  usually  intersect  at  a  right  angle,  and  the 
cross  formed  by  them  is  generally  vertical,  more  rarely  oblique.  The 
rule  is,  that  the  vertitjal  meridian  has  a  greater  curvature  than  the  hori- 
zontal; but  the  reverse  condition  (selected  for  Fig.  157  because  of 
being  more  readily  represented)  also  occurs,  and  is  then  known  as  ''as-j 
tigraatism  »gainst  the  rule."  The  degree  of  astigmatism  is  expressed 
by  the  difference  between  the  meridians  of  greatest  and  of  least  re- 
fraction. As  long  as  this  difference  reraaius  below  1  I)  the  astigma- 
tism may  be  regarded  as  physiological,  since  most  eyes  are  affected  with 
a  slight  error  of  curvature  of  this  sort;  but  as  soon  as  the  astigmatism 

*  lu  default  of  this,  an  ortlinary  convex  or  concave  i^lass  msy  be  used,  which  is 

held  obh'qncly  Ix-ffirp  the  eye. 
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amounts  to  1  />  or  ovor  it  must  bo  regarded  as  pathological.  It  then 
affects  the  visual  acuity,  and  in  many  cases  causes  asthenopic  troubles, 
since  the  patients  endeavor  to  compensate  for  tlie  astigniatisni  by  mak- 
ing an  unequal  effort  of  their  acconiniodation. 

Tlie  determinniion  of  astigmatism  must  be  undertaken,  whenever  in 
making  our  tests,  perfect  vision  can  not  be  attained  with  spherical 
glasses.  It  is  performed  as  follows  :  Wo  first  try  to  find  the  direction 
of  the  two  principaS  mcridian^i  by  making  the  astigmatic  subject  look 
at  lines  drawn  in  different  directions — as,  for  instance,  those  in  Fig. 
159.  That  line  which  looks  most  distinct  (blackest)  gives  the  direction 
of  one  principal  meridian  ;  the  direction  of  the  othtT  principal  uieridiuu 
ia  perpendicular  to  this.  Wo  now  l«3gin  by  placing  a  sttmoiia-ic  slit 
before  the  eye  in  the  direction  of  one  meridian  in  order  to  determine 
the  refraction  in  the  ordinary  way  with  glas-scü  in  this  meridian  alone 
to  the  exclusion  of  all  the  others.  The  same  thing  ia  then  done  for 
the  meridian  perpondicular  to  it.  The  difference  between  the  refrac- 
tion of  the  two  principal  meridians  gives  the  degree  of  astigmatism. 

Various  kinds  of  astigmatism  are  distinguished,  according  to  the 
character  of  the  refraction  of  the  principal  meridians.  If  one  merid- 
ian is  emmetropic  and  the  other  hypermetropic,  the  condition  is  called 
simple  hypermetropic  astigmatism ;  but  if  both  meridians  are  hyper- 
metropic, it  is  compound  hypermetropic  a.stigntatism.  In  analogous 
fashion  we  speak  of  simple  and  compound  myopic  astigmatism.  If 
one  meridian  is  hypermetropic  and  the  other  myopic,  the  condition  is 
known  as  mixed  astigmatisni. 

The  atu.te  of  regular  astigmatism  in  the  great  majority  of  cases  ia  a 
fongenital  irregularity  of  the  curvature  of  the  cornea — a  condition 
which  is  apt  to  be  transmitted  by 
heredity.  High  degrees  of  con- 
genital astigmatism  are  associated 
not  infrequently  with  other  defects 
in  the  development  of  the  eye,  in 
which  case  it  is  impossible,  even 
with  perfect  correction  of  the  as- 
tigmatism, to  bring  the  visual  acu- 
ity up  to  the  normal  pitch.  Con- 
genital astigmatism  is  often  pres- 
ent in  both  eyt*8,  although  not 
always  in  the  sume  degree,  and  the 
direction  of  the  principal  merid- 
ians ia  apt  to  be  symmetrica!  in 
the  two  eyes.  Acquired  astigma- 
tism may  have  its  cause  in  the  cor- 
nea or  in  the  lens.  The  former  variety  occurs  when  the  curvature  of 
the  cornea  has  been  altered,  either  because  of  diseases  affecting  it,  or 
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still  more  frequently  because  of  operations.  After  every  cataract  operm- 
tiou,  and  in  fact  even  after  an  iridectomy,  a  certain  degree  of  cornea] 
astigmatism  develops,  which  indeed  diminishes  with  the  consolidation 
of  the  cicatrix,  but  aeldom  disappears  entirely.  The  lens  gives  rise  to 
regular  astigmatism  when  it  is  obliquely  placed,  as,  for  example,  in  CÄse 
of  subluxation.  This  state  of  things  can  readily  be  imitated  experi- 
mentally if,  as  was  said  abovo,  we  look  through  a  spherical  lens  ob- 
liquely. The  print  then  looks  as  if  in  a  state  of  astigmatic  distortion» 
and  the  separate  radii  of  Fig.  159  seem  to  differ  in  distinctneas.  Ac- 
cordingly, an  obliquely  placed  spherical  lens  acts  also  as  a  cylindrical 
one.  Many  astigmatic  patients  who  wear  spherical  glasses  hit  upon 
this  fact  themselves ;  to  see  better,  they  place  their  spherical  glasses  ii 
such  a  way  as  to  look  obliquely  through  tliem. 

The  treatment  of  astigmatism  consists  in  correcting  it  aa  precisely 
as  possible,  by  means  of  cylindrical  glasses.  In  this  way  distinct  yision 
can  be  secured,  and  at  the  same  time  the  asthenopia  is  relieved. 

(Ä)  Irreyular  Astigmatism. 

149.  Irregular  astigmatism  occurs  when  the  curvature  in  any  one] 
single  meridian  is  not  everywhere  alike,  so  that  the  rays  passing  through^ 
the  same  meridian  are  never  united  into  one  point.     A  certain  degre»] 
of  irregular  astigmatism  must  be  regarded  as  physiological,  as  it  exist»' 
in  every  eye,  its  location  being  the  lens.     The  individufd  sectors  com- 
posing the  latter  do  not  all  have  the  ejame  refracting  power,  this  being 
probably  due  to  unequal  curvature  of  their  surfaces.     Accordingly,  the 
images  of  a  point  which  these  sectors  cast  do  not  all  fall  upon  the  same 
spot  in  the  retina,  although  they  come  so  close  together  that  for  the 
most  part  they  overlap.     For  this  reason  even  a  normal  eye  does  not 
see  a  star,  which  ia  really  nothing  but  a  malhcmatical  point,  as  such, 
but  under  a  stellate  form — i.  e.,  provided  with  radiating  projections. 
The  rays  of  the  star  are  simply  the  images  produced  by  the  separate 
sectors  of  the  lens,  the  central  ends  of  these  images  meeting  in  the  cen- 
ter of  the  star. 

Under  pathological  conditions — e.  g.,  in  heginning  opacity  of  the 
lens — this  lenticular  astigmatism  is  so  much  increased  as  to  give  notice- 
able trouble,  Aa  the  refractive  power  of  the  separate  sectors  of  the 
lens  becomes  more  and  more  different,  the  images  produced  by  them 
recede  farther  and  farther  apart,  so  that  ultimately  they  appear  entirely 
distinct  from  each  other.  It  ia  in  this  way  that  monocular  polyopia 
develops  in  incipient  cataract  (see  page  3G5).  A  very  high  degree  of 
irregular  astigmatism  occurs  in  subluxation  of  the  lens  when  the  len- 
ticular displacement  is  so  considerable  that  part  of  the  pupil  still  has 
the  lens  in  it  and  part  is  aphakic. 

Pathological  irregular  astigmatism  originates  from  the  cornea  even 
more  frequently  than  it  does  from  the  lens.     It  is  found  in  this  situ»- 
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tion  as  an  accompaniment  of  marked  regular  astigmatism,  and  still 
more  often  in  consequence  of  pathological  processes — e.  g.,  in  faceting 
of  the  cornea  after  ulceration,  or  in  üatteniug  or  ectasis  of  the  entire 
corner. 

Irregular  astigmatism  makes  objects  appear  irregularly  distorted, 
and  sometimes  also  look  multiple,  and  in  this  way  diminishes  the  visual 
acuity.  It  is  impossible  to  correct  it  by  glasses.  In  many  cases  of 
irregular  corneal  astigmatism  a  stenopajic  slit  is  of  service  for  making 
out  minute  objects  (see  page  öOl). 

The  sort  of  regular  astigmnti.iin  which  is  present,  whether  hypermetropic, 
myopic,  or  mixed,  does  not  depend  upon  the  curvature  of  the  cornea,  but  u(h>d 
the  situation  of  the  retiua.  If  the  latter  ia  situated  at  point  £  (Fig.  157),  wliere 
the  rays  passing  through  the  horizontal  meridiun  come  to  a  focus,  this  meridian 
has  «n  f^inmetropic  refraction.  But  the  vertical  meridian  is  hyjHTmetropic,  since 
ttie  rays  pa^üting  through  it  woidd  meet  behind  the  retina.  In  tliis  case,  then, 
there  would  be  simple^  hypermetropic  astigmati.'^m.  If  the  [losition  of  the  retina 
were  farther  forward — e.  g,,  at  1 — both  meridians  would  be  hypermetropic; 
that  is,  compound  hypermetropic  astigmatism  would  be  present.  If  the  retina 
were  situated  at  any  point  lietween  2  and  6,  the  raya  pai^Kiiig  through  the  liori- 
Kuntnl  meridian  would  have  their  focus  in  front  of  the  retina,  liiose  passing 
through  the  vertical  meridian  behind  it,  and  mi.xed  a.stigmatism  would  exist. 
If  the  retina  ia  situated  at  6,  simple  hypermetropic  astigmatism  i.s  present,  lie- 
cause  there  is  emmetropia  for  the  vertical  meridiaH  and  myopia  for  the  horizon- 
tal meridian.  Finally,  if  the  retina  should  be  situated  still  farther  h.«ick — that 
in,  behind  the  foci  of  both  meridians — myopia  w^ould  be  present  in  both  the 
latter,  or  there  would  l>e  compound  myopic  astigmatism.  Hypermetropic  as- 
tigmatiäm  is  of  the  moat  frequent  occurrence;  mixed  astigmatism  is  the  rarest. 

The  vition  in  regxdar  astigmatism  is  distinguished  from  the  vision  in  other 
errors  of  refraction  by  the  fact  that  objects  are  distorted,  and  that  not  all  their 
parts  are  seen  with  the  sjime  indistiDCtncsa.  If  the  principal  meridians  are  re- 
spectively vertical  and  horizontal,  the  horizontal  strokes  of  the  letter  E  will 
appear  distinct,  the  vertical  ones  indistinct,  or  vice  versa.  The  a.'itigmatic  sub- 
ject then  trie."*  from  the  parts  which  he  does  see  to  gui-ss  the  rest.  If  we  test 
the  visual  acuity  of  a  myope  at  a  distance  of  6  metres,  he  will  read  Snellen's 
test-types  well  down  to  a  certain  line,  and  then  stops  because  he  does  not  see 
any  farther  down.  The  astigmatic  patient,  on  the  contrary,  often  reads  the 
whole  ciu-d  down  to  the  bottom,  but  tell»  almost  every  letter  wrong.  In  fact, 
he  takes  refuge  in  guessing — an  attempt,  however,  which  gives  rise  to  a  peculiar 
and  very  unpleasant  form  of  asthenopia.  Another  cause  of  asthenopia  lies  in 
the  endeavor  of  the  astigmatic  patient  to  correct  his  astigmatism  by  means  of 
his  accommodation.  For  this  to  be  effected,  it  is  neeessarj'  that  the  act  of  ac- 
commodation shall  take  place  with  a  varjiug  degree  of  force  in  the  separate 
meridians  of  the  lens.  That  this  can  be  done,  is  proved  by  the  fact  that  after 
atropini/.ation  the  astigmati.'^m  is  not  infrequently  found  to  be  considerably 
higher  than  before  (Dobrowolski). 

How  astigmatism  is  determined  and  corrected  may  be  illustrated  by  the 
following  example :  We  first  make  the  astigmatic  patient  look  at  Fig.  150,  or 
some  similar  one,  and  thus  determine  that  the  horizontal  radii  of  the  star  ap- 
pear bUckest.     From  this  we  conclude  that  vertical  lines  arc  seen  distinctly, 
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because  the  horizontal  radii  are  composed  of  vertical  lines.     If  vertic«!  Üöm 
appear  distinct,  tlie  diflusion-lines  or  diffusion-ellipses  must  1m;  vertical  {¥ig. 
168) — i.  e.,  the  udjustmcnt  fur  the  horizontal  meridian  must  be  correct,  or  ai 
least  be  better  than  the  adjustment  for  the  vertical  meridian.     We  now  ptao« 
the  »tenopeeic  slit  before  the  eye,  in  the  horizontal  meridian  first,  and  deter- 
mine the  refraction  of  the  latter  by  means  of  spherical  glasses.     Suppose  that 
this  refraction  is  M  =  1  D.     In  the  succeeding  test  of  the  refraction  which  is 
made  with  the  slit  in  the  vertic4tl  position  a  myopia  of  3Z)  iB  found.      Accord- 
ingly, myo|)ic  astigrautisra  {A  m)  is  present,  and  one,  namely,  of  2Z>,  since  the 
degree  of  «.«tigiualism  i»  given  by  the  difference  in  refraction  of  the  two  merid- 
ians.    The  correction  of  this  aHtigmutiHm  would  ha^'e  to  be  made  by  two  con- 
cave cylindrical  glaswes,  the  axe»  of  which  run  vertical  and  horizontal.     The 
rylinctriral  glass  refract.'*  most  »trongly  in  the  direction  perpendicular  to  it»  axi« 
(see  page  601).     Hence,  to  correct  the  horizontal  meridian,  we  munt  place  a 
cylindrical  glass  of  —\D  with  the  axis  vertical,  and  for  the  vertical  meridian  a 
glasa  of  — SZ*  with  the  axis  horizontal.     This  is  written  as  follows: 
—  1  D  cyl.  vert.  2  —  3  ^  f  vl-  lioriz.* 

In  cases  where  the  sign  of  both  cylinders  is  the  same,  a  simplification  of  the 
combination  is  obtained  in  the  following  way :  If,  in  the  example  chosen,  wo 
give  a  spherical  glass  of  —  \  F),  this  will  correct  the  horizontal  meridian  to  the 
point  of  emmetropiä,  and  the  vertical  meridian  to  3  D.  To  get  the  complete 
correction,  therefore,  we  only  need  to  add  to  the  spherical  glass  a  —  8  Z>  cjl. 
horiz.     We  would  therefore  prescribe 

—  ID  »ph.  "^  —2D  cyl.  horiz. 

As  can  he  seen  from  the  example  above  given  cylindrical  glass«»  may  be 
combined  with  cylinder»  and  also  with  spherical  glasses,  and  they  may  like- 
wise be  combined  with  prisms.  Cylinders  should  not  be  used  under  the  fortn 
of  eye-glasses,  but  only  under  that  of  spectacles — i.  e.,  in  a  frame  which  insuna 
the  aies  of  the  glasses  being  In  proper  position. 


4 
4 


*  [According  t«  the  nntatton  prevailing  in  thia  country,  this  wonld  be  written : 
— l"00cyl.  axi."!  90'  3  —300  cyl.  axis  190'.  So  also  the  equivalent  formula,  men- 
tione<i  just  afterward,  would  be  written:  —  100.sph.  3  —  2-00  cyl.  »xw  180',  In 
this  notation  the  direction  of  the  axis  is  indicated  h\  the  angle  which  it  makes  with 
the  huri7,r)ntHl,  the  angles  being  numbered  cnntiniionsly  from  0°,  which  is  situated 
at  the  left  sule  of  either  eye  {wusa]  side  of  the  right  eye,  tem|>i)rftl  side  of  the  left 
eye},  round  to  160°  at  the  right  side  of  the  eye.  This  is  shown  in  the  following 
diagram: 

FRONT  VIEW 


'I'l'l'i'i'i'i'i- 


1  INCHES  1 

CopyrighiMl,  ins,  by  E.  B.  MKVBcnrrrs. 

Tia.  I&DA. 


2  3 

LEFT   EYP 


Another  system  is  in  rogue  in  the  Ophthalmic  and  Aural  Instil ulo  in  this  city. 
According  to  this  notnlion  the  vertical  nieriilian  i.'*  indicuteil  by  0^  or  V,  and  from 
this  point  the  angles  are  utimljcrod  on  either  sidf  lo  W>'  (or  H),  which  is  the  huri- 
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The  result  which  wc  obtain  by  the  methodical  method  of  detennining  the 
fiKtigmHtism  above  described  we  can  get  at  more  quickly  in  the  following  way: 
If  we  8UsiK»ct  astigmatism,  we  put  on  a  weak  cylindrical  glass  and  rotate  it  be- 
fore the  eye.  If  there  is  no  astigmatism  worth  mentioning,  the  patient  gee« 
worse  through  the  cylindrical  gln.-w,  no  matter  what  direction  it  occupies  in 
front  of  the  eye.  But  if  HstigmiitiHm  in  present,  the  sight  will  become  better 
wlien  tlie  glu-s«  ia  in  a.  certain  po.'iition,  worse  when  it  is  in  another,  In  this 
way  we  find  the  direction  of  the  principal  meridians.  Tlicn,  convex  or  concave 
cylinders  of  varying  strength,  and  either  alone  or  cumbincd  with  spherical 
glaases,  are  successively  jilaced  before  the  eye  in  a  direction  corresponding  to  the 
principal  meridians,  vintil  the  best  combination  has  been  found. 

It  in  unnecessary  to  correct  every  case  of  astigmatism;  this  is  done  only 
wh»'n  the  astigmatic  paf  tent  wishes  to  sec  more  distinctly,  or  when  he  has  aa- 
thcnopic  troubles  from  his  astigmatism. 

The  nttjfttire  determination  of  astigmatism  can  be  made  in  different  ways, 
A.<itigmatism  manifest»  itself  to  the  ophthalmoscope  by  the  alteration  in  the 
shape  nf  tlie  papilla,  which  in  regular  astigmatism  appears  elongated  either 
lengthwise  or  laterally;  in  irregular  astigmatism  it  appear«  irregularly  distorted. 
In  the  erect  image,  in  cases  of  regular  astigmatism,  the  horizontal  and  vertical 
vessels  are  not  seen  distinctly  at  the  same  time,  as,  owing  to  the  difference  in 
their  refraction,  they  ruejuire  different  correcting  glasses.  It  is  on  account  of 
this  fact  that  it  is  (yossible  to  determine  the  astigmatism  with  the  erect  image 
by  finding  for  each  of  the  two  principal  meridians  the  correcting  glass  with 
which  the  vessels  of  this  meriilinn  are  seen  most  distinctly.  Astigmatism  can 
also  be  made  out  and  measured  by  means  of  keratoscojjy,  and  by  following 
Schraidt-Rirapler's  method. 

Regular  corneal  astigmatism  can  be  determined  by  measuring  directly  the 
radii  of  curvature  of  the  individual  corneal  meridians.  This  is  effected  by  the 
o|jhthalmometer,  of  which  tlie  principal  varieties  in  use  are  that  of  Heimholt!! 
aod  the  more  recent  one  of  Java!  ami  Schiotz.  The  former  is  chiefly  of  service 
for  precise,  Bcientific  examinations;  the  latter  ia  more  adapted  for  practical  pur- 

7.oulal,  lluise  angles  on  the  teropornl  side  being  indicated  by  /.those  on  the  nasal 
side  by  n.    This  system  is  shown  in  the  following  diagram : 
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Ficj.  J  TOB. 
In  pacli  eye  the  pooitlon  of  the  axis  of  itic  cylimler  to  denoted  by  the  an^tar  devlatioa  of  it« 
uptxT  en<l  rruiii  tb«  vertlenl  meridian  iv  or  0°)  c-ithi*r  on  the  naaal  or  nn  the  Iviiiporal  side,  and  to 
«rrtltfO  5)1  =  h"  uoaal,  B(  =&*  tempüraL,  etc.,  down  to  ft  =  Vfl  ^borlzontal). 

liuth  systems  arc  also  employed  for  indicating  the  direction  of  the  axis  of  a 
prism — e.  g.,  prism  1*.  ajwx  at  75°,  indicates  a  prism  of  1°  retracting  angle  with  its 
i^M?x  turned  to  the  left  15"  from  the  vertical. — D.] 
42 
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posM  on  account  of  tlie  rapidity  with  whicli  the  measurements  can  be  niade. 
v«iry  useful  instrument  for  determiDinp  whether  there  is  actually  any  greaX 
amount  of  nntigmatium  present  is  Placido'«  kcratosco|M;.  This  coni^ists  of  a  di^k 
of  cardboard,  one  surface  of  which  bears  a  number  of  black  concentric  rings  upon 
a  white  ground.  An  uperture  in  tlie  center  of  the  disk,  and  corresponding  to 
tlie  center  of  the  rings,  allows  the  observer  to  look  through  the  di&k.  The 
disk  is  lield  so  that  the  aide  with  the  rings  upon  it  is  turned  toward  the  eye  that 
is  being  examined,  and  so  tliat  the  plane  of  the  disk  is  parallel  to  the  base  of 
the  cornea.  If  now  we  look  through  the  centml  aperture  at  the  eye,  we  «ee  the 
rings  min'ored  u[»on  it»  cornea.  If  the  cornea  has  the  normal  curvature,  these 
rings  appear  jierfpctly  circular;  if  not,  the  rings  are  transformed  into  ellipses, 
or  ahow  irregular  bulgings,  according  aa  regular  or  irregular  astigmatiam  ia 
present. 

150.  Anisometropia.* — By  anisometropia  is  meant  a  differeHct?  in 
the  refraction  of  the  two  eyes.  One  eye  may  be  eranictropic  aud  the 
other  myopic,  liyjiermotropic,  or  astigmatic,  or  both  eyes  may  be  amo- 
tropic,  but  in  a  different  way.  In  this  regard  all  possible  combiuatious 
occur. 

Anisometropia  not  infrequently  is  congenitol,  and  then,  at  least  in 
the  higher  degrees  of  it,  often  manifests  itself  even  upon  external  in- 
spection by  an  asymmetrical  formation  of  the  face  and  of  the  skull. 
Acquired  anisometropia  most  frequently  originates  from  the  circum- 
stance that  the  change  taking  place  in  the  refi*action  during  life,  such 
as  the  decrease  in  a  h  vpermetropia  or  the  development  of  a  myopia,  doe« 
not  advance  at  the  same  pace  in  both  pye.s.  Very  higli  degrees  of  ani- 
sometropia develop  when  one  eye  is  normal,  but  the  other,  in  conse- 
quence of  a  cataract  operation,  has  become  very  hypermetropic 

A  correction  of  anisometropia  without  the  aid  of  glasses  would  be 
conceivable  only  as  the  result  of  an  ellort  of  the  accommodation  differ- 
ing in  the  two  eyes;  but  this  the  eyes  are  incapable  of  doing,  at  lea^t 
to  any  noteworthy  extent.  Accordingly,  the  anisometrope  never  sees 
distinctly  with  both  eyes  at  once.  This,  however,  gives  him  so  little 
inconvenience  that  many  persons  do  not  become  aware  of  the  fact  that 
they  are  not  seeing  equally  well  with  both  eyes  until  the  testa  of  vision 
which  the  physician  institut.efl  are  made,  jforeover,  if  the  difference 
in  the  refraction  is  not  too  great,  binocular  vision  is  not  disturbed  bv  it. 
Both  images,  even  though  they  are  of  unequal  distinctness,  are  super- 
imposed and  made  in  coalesce.  In  the  high  degrees  of  anisometropia, 
however,  strabismus  very  frequently  sets  in.  This  may  be  either  diver- 
gent or  convergent,  and  under  these  circumstances  is  very  frequently 
alternating,  particularly  when  one  eye  is  hypermetropic,  the  other 
myopic  (see  page  669). 

The  obvious  course  to  pursue  would  seem  to  be  to  correct  the  ani- 
sometropia by  ordering  different  glasses  for  the  two  eyes.    Xevertholees, 


*  From  i,  privative,  loot,  equal,  and  nirpmf,  ineasura. 
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this  measure  in  most  cases  proves  impracticable.  If  the  difference  be- 
tween the  two  glasses  is  somewhat  great,  the  patients  complain  of  an 
unpleasant  sensation  in  the  eyes,  of  vertigo,  headache,  etc.,  and  lay  the 
glasses  aside.  This  fact  is  explained  in  the  following  way:  Glasses 
alter  not  only  the  distinctness  but  also  the  size  of  objects.  This  is  en- 
larged by  convex  and  diminished  by  concave  glasses,  and  the  more  so 
the  stronger  the  glass  is.  With  different  glasses  the  retinal  image  of 
the  same  object  is  altered  in  size,  more  in  one  eye  and  less  in  the  other ; 
the  images  then  no  longer  match  one  another,  and  can  not  be  perfectly 
superimposed.  We  therefore  prefer  in  anisometropia  either  to  give  the 
same  glasses  for  both  eyes,  or  to  correct  only  one  eye  and  place  a  plane 
glass  before  the  other.  In  doing  this  we  always  have  regard  to  th^ 
better  eye,  namely,  the  one  which  appears  more  efiBcient  for  the  pur- 
pose in  view  (distant  or  near  vision). 


CHAPTER  VI. 


WH  AU  ES  OF  ACCOM  MODATIOti. 

löl.  Paralysis  of  Accommodation.— Piu-alysis  of  accommodation  ii 
diaguosticttted  from  the  diminution  of  the  range  of  accommodation 
{A).  To  make  this  diagnosis  it  is  necessary  that  we  determine  the  far- 
point  and  near-j)oint,  and  from  them  calculate  the  range.  Tho  range 
found  is  compared  with  that  which  the  patient  ought  from  his  age  to 
have  in  accordance  witli  the  values  set  forth  by  Donders  (Fig.  147), 
and  from  tliis  a  (.'onchision  is  dmwn  as  to  whether  the  range  fulls  below 
the  normal,  and,  if  so,  how  far. 

The  disturbance  wliieh  paralysis  of  the  accommodation  causes  variw 
greatly  according  to  the  refractive  condition  of  the  eyes.  If  an  emme» 
trope  is  affected  with  paralysis  of  the  accommodation,  reading  auU 
writing  become  perfectly  impossible,  or  at  least,  in  case  of  incomplete 
paralysis  (paresis  of  accommodation),  very  difficult,  and  possible  for 
only  a  few  moments  at  a  time.  Distant  vision,  for  which  the  emm«- 
trope  does  not  require  to  use  the  accommodation,  is  not  affected-  In 
the  hypermetrope  jmralysis  of  accommodation  makes  itself  still  morv 
noticeable,  since  without  accommodation  he  sees  poorly  even  at  the  dis- 
tance. The  reverse  is  true  of  the  myope,  to  whom  the  abolition  of 
aiiconimodation  causes  little  or  no  inconvenience;  and  in  the  higher 
degrees  of  myopia  a  jiaralysis  of  accomnicMlatiou  is  often  discovered 
only  accidentally  at  the  time  when  a  careful  examination  is  being  made. 

Paralysis  of  the  accommodation  arises  from  a  paralysis  of  the  ciliary 
muscle  or  of  the  oculomotor  nerve  which  supplies  this  muscle.  It  may 
be  simply  one  of  the  symptoms  of  a  complete  oculomotor  paralysis,  in 
which  case  its  etiology  agrees  with  that  of  oculomotor  paralj'sis  in  gen- 
eral (see  page  554).  Hut  in  many  cases  the  paralysis  of  accommoda- 
tion exists  alone,  or  is  at  moat  associated  with  a  coincident  jiaralysia  of 
the  sphincter  pupillae  These  two  intrinsic  muscles,  which  under  physi- 
ological conditions  act  in  conjunction,  are  also  commonly  paralyzed  to- 
gether, 90  that  the  pnmlysis  of  accommodation  is  combined  with  mydri- 
asis paralytica  (ojdithalmoplegia  interna).  The  cause»  of  paralysis  of 
accommoilation  (with  or  without  paralysis  of  the  pupil)  with  which  we 
are  acquainted  are  as  follows : 

1.  Diphfhf^rin. — Paralysis  of  accommodation  belongs  among  the 
post  diphtheritic  paralyses — i.  e.,  those  which  usually  develop  in  the 
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stage  of  convalescence.  The  most  common  of  these,  besides  the  paral« 
ysis  of  iiccommodatiün,  is  paralysis  of  the  soft  pahxte,  wliirh  manifests 
itself  in  the  nasal  charac^tcr  of  the  speech  und  also  by  frequent  attacks  of 
choking  during  eating  and  drinking.  Paralyses  of  the  sphinuter  pupil- 
lie  or  of  the  other  eye-musctes,  of  tlie  muscles  of  the  extremities,  or  of 
the  trunk  itself,  occur  less  often.  Di[»htheritic  paralysis  of  the'aorfom- 
modatiou  affects  both  eyes,  and  is  usually  not  associated  with  paralysis 
of  the  sphincter  pupillse.  It  generally  passes  away  of  itself  in  one  w 
two  montlis  as  the  patient  gains  in  strength,  and  hence  affords  a  good 
prognosis.  Cases  of  paralysis  of  accommodation  consequent  u])on  in- 
fluenza, which  were  analogous  in  their  behavior  to  post-diphtheritic 
paralyses,  occurred  pretty  frequently  during  the  last  epidemic. 

2.  Poisonimi. — The  most  complete  paralysis  of  accommodation, 
combined  with  paralysis  of  the  juipil,  is  prrwluced  by  atropin«  and  the 
other  mydriatics.  These  act  not  only  when  administered  internally, 
but  also  locidly  wlien  introduced  into  the  conjunctiva!  sac.  The  cases 
in  which  paralysis  of  the  accommodation,  lugethcr  witli  symptoms  of 
general  poisoning,  have  been  observed  after  eating  spoiled  meat,  sau- 
sages, fish,  etc.,  likewise  probably  depend  upon  poisoning  by  alkaloids, 
which  in  this  case  are  the  alkaloids  of  putrefaetion  (ptomaines). 

3.  iSyphilis  and  diabefent. 

4.  iSeiffre  uffvction«  of  the  caul  ml  nervous  system  (e.  g.,  tabes). 

5.  CoHluaions  of  the  eyeball. 

The  treatment  of  paralysis  of  the  aeconunodatiou  must  first  of  all 
be  regulated  according  to  the  lesion  which  lies  at  the  bottom  of  it,  and 
seek  to  effect  the  cure  of  this  latter  by  «pprnpriato  means.  In  post- 
diphtheritic paralysis  we  institute  corroborative  measures,  giving  hearty 
nourishment,  wine,  iron,  quinine,  etc.,  and  ordering  a  warm  bath 
daily  or  every  other  day.  Fur  local  treatment,  the  (niotic«,  pilocarpine 
and  eserine,  are  employed.  These,  besides  contracting  the  pupil,  also 
produce  a  spasm  of  the  accommodation  by  contracting  the  ciliary  mus- 
cle. This,  however,  is  not  of  long  duration,  any  more  tlian  the  mioeis 
is;  after  somo  hours  the  muscle  relaxes  again  and  the  paralysis  returns. 
Nevertheless,  the  contraction  of  the  muscle  produced  by  the  miotic  ap- 
pears eometimes  to  exert  a  favorable  influence  upon  the  paralysis  itself, 
perhaps  acting  in  the  same  way  ais  faratlizution  dot>s  when  it  produces  a 
good  effect  in  paralyses.  In  addition,  the  constant  current  is  employed- 
As  long  as  the  paralysis  is  still  recent  the  eyes  should  not  be  straiued  in 
any  way,  but  in  older  paralyses  work  may  be  facilitated  by  means  of 
the  appropriate  convex  glaisses. 

In  paralygis  of  the  accommodation ^  whether  produced  by  disease  or  artifi- 
cially by  a  mydriatic,  the  statement  Ufrefjuently  marie  thi»t  objjM-ts  a [>pt'ar smaller 
than  usual  (micropsia).*     Tbi«  phenomenon  is  explained  in  the  following  way; 


*  [Prom  fUKpit,  small,  and  £4*»,  appearance. — D.] 
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We  estimute  the  size  of  an  object  from  the  »ize  of  it»  image  upon  the  retina 
Utken  in  conncclion  with  the  distonce  at  which  we  judge  the  object  to  bo  (iitu- 
ated.  An  ohject  of  ci-rtain  size  seen  at  a  certain  distance  ^vea  us  a  retinal 
image  of  certain  size.  If  the  object  is  approximated  to  one  half  the  distance, 
its  retinal  image  liecomea  twice  as  great.  If  thia  were  not  the  case,  and  the 
retinal  irqaffc  remained  of  the  t^iame  size  when  the  object  was  approximated,  wc 
would  infer  that  the  object  itself  liad  Ijeen  reduced  to  one  half  ita  fornMT  nztr. 
It  is  tliia  mistake  that  we  fall  into  in  case  of  paralysiHof  the  aocommodation. 
Since  in  this  condition  the  act  of  acoommodation  for  any  ^ven  distance  of  tb« 
object  costs  us  a  greater  effort  tbun  under  other  circumstances,  we  estimste  tk« 
accommodation  at  to«  high  a  figure,  and  hence  believe  the  object  tti  be  neanr 
than  it  really  is;  bnt  a.s  the  retinal  iniHge  in  no  larger,  we  think  that  the  obj(>ct 
it«elf  ha.H  diminished  in  size.  The  same  phenomenon  manifes-ta  itself  when  an 
emmetrope  looks  through  concave  glasses;  these  make  objects  look  amaller  t« 
htm;  for,  to  overcome  the  concave  gias»eH,  he  must  strain  his  accommodation. 
Now,  without  being  distinctly  aware  of  this  »train,  he  yet  infers  from  it  that  ob- 
jects are  nearer  than  they  are,  and  thus  the  latter,  since  their  retinal  imagfoa  are 
not  any  larger,  seem  smaller  to  him.  Tlie  converse  phenomenon,  by  virtue  of 
which  objects  appear  larger  than  normal — inacrop»iii* — is  observed  in  epasin  of 
the  accommodation.  This,  too,  originates  ia  a  delusion  as  to  distances,  resulting 
from  the  disturbance  of  the  accommodation. 

To  show  how  a  jiarnlysis  of  accommodation  is  diagnosticated,  I  will  adduc« 
hero  the  following  case:  In  May,  1887,  a  boy  ten  years  of  age  was  brought  to 
me  by  his  mother  because  for  some  weeks  he  had  been  unable  to  rend  and  write. 
At  the  .name  time  the  unusual  width  of  his  pupils  had  attracted  his  motborV 
attention.  I  found  before  nw,  a  delicate,  pale  lad,  whose  pupils  at  the  time  he 
was  brought  to  me  showed  once  more  tlicir  normal  size  and  mobility.  The  boy 
could  read  with  his  naked  eye  all  the  lines  on  Snellen's  tc^t-card  hung  up  at  ■ 
distance  of  6  metres,  hence  ho  had  normal  vision.  From  this  fact  alone  it  was 
possible  to  draw  the  inference  that  it  could  not  be  a  case  of  o^tacitiea  of  (he 
media,  disease  of  the  chorioid  or  retina,  or  the  like,  as  by  these  the  visual  acuitj 
would  necessarily  be  diminished  for  all  distances.  It  could  only  be  an  anomaly 
of  refraction  or  accommodatitm  thai  was  in  i|ue.>*tion.  lie  was  not  near-sighted, 
since  otherwise  he  would  have  Ijecu  uiiubiu  (o  read  the  smallest  letters  of 
Bnellen'a  test-card  at  a  distance  of  0  metres,  but  he  might  perhaps  hare  been 
hypermetropic.  Accordingly,  1  put  a  very  weak  convex  glass  before  his  eye; 
as  with  these  his  distant  vision  at  once  Iwcame  indistinct,  hjrjwrractropia  too 
WOB  excluded.  Hence  there  was  emmetropin,  and  Ida  incapacity  to  read  could 
«>nly  depend  up<jn  a  disturbance  of  accommodation.  This  was  at  once  con- 
l]nn(;d  by  the  fact  that  tiie  boy  with  -t-  a  7/  read  the  fine.nt  print  fluently.  The 
print  then  could  be  brought  to  wi»hin  VA  centimetres  of  the  eye;  his  near-{ioint, 
therefore,  lay  at  this  distance.  Exprisseil  in  dioptres,  P^zSD  (I(>0:13  =  8> 
and  A  =  P  —It  =  S  IJ,  since  the  Iwiy  was  emmetropic,  and  hence  R  =  x>  =  0  A 
But  the  range  of  Hccommodation  of  8D  hud  l)cen  determined  with  the  aid  of 
the  +  8  Z)  glass  which  had  been  jdnced  l)efore  the  eye,  and  which,  therefore, 
had  to  be  subtracted  in  order  to  ascertain  the  true  range;  this  accordingly  wa* 
only  d  D.  At  the  age  of  ten  the  image  should  have  beeu  14  D\  the  IkivV  range, 
therefore,  was  upward  of  i)i>  too  smull.     There  was  fmresis  of  accommo<lation. 


[Fhifii  fiaitp6t,  long,  and  'i^it,  «piiearftfice. — D.] 
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To  my  qupstion  as  to  an  nntoccdent  diphthorid,  the  mothtr  professed  to  have 
no  knowledge  of  any  such  occurrt-uce.  It  was  only  after  further  questioning 
tlmt  she  remembered  that  the  boy  had  had,  the  Christmaa  before,  an  inflammu- 
tion  of  the  throat,  wliich,  however,  had  not  been  at  all  severe,  and  which  the 
physician  had  »aid  was  not  diplitheria.  After  thin  attuek  of  inflammntion  in 
the  throat  the  V>oy  had  been  feeble  for  a  remarkably  Umg  time,  so  that  since  that 
date  he  had  not  been  able  to  go  to  schc>ol ;  the  friand»  in  the  neck  had  Iwcome 
greatly  swollen,  so  as  l«  be  visible  cxterDally.  Ltiter  still  the  boy  had  become 
hoarse;  he  had  got  a  nasal  voice,  and  could  not  pronounce  certain  letters  and 
syllables  (panilyxis  of  the  soft  palate).  This  xymptoni,  like  the  dilatHtion  of  the 
pupil.'*,  had  already  disappeared  when  I  first  saw  him. 

The  bny  was  g^ivcn  generous  nnurishment  and  a  tonic  (ten  drops  of  a  mixt- 
ure of  equal  parts  of  Fowler'.s  wilution,  and  the  tinctura  ferri  pomata,  twice  a 
day  in  a  glass  of  wine);  in  addition,  every  second  day  a  warm  buth,  and  finally 
every  morning  und  evening  a  drtijt  of  a  onc-per-ccnt  solution  of  pilocarpine  in 
each  eye.  Tin;  effect  of  the  [liloc-arpine  dtiring  the  first  few  days  continued  only 
eight  to  ten  hours  after  the  instillation,  but  afterward  became  more  and  more 
lasting  all  the  time.  After  ten  days,  at  which  time  the  buy  had  had  for  two 
days  no  piUirarpine  in  his  eye«,  he  could  read  the  finest  print  with  his  naked 
eye  up  to  13  centimetres — i.  e.,  he  had  a  range  of  8^.  The  accommodation, 
therefore,  was  not  yet  normal,  but  he  could  already  do  his  work  without 
trouble,  and  biter  still  doubtless  regained  his  full  power  of  accommodation. 
This  case  is  instructive,  for  it  shows  that  diphtheria  need  not  run  a  severe 
course  in  order  to  have  paralysis  of  the  accommudation  follow  it— a  fact  which 
also  hold»  good  for  the  other  post-diphtlieritic  paralyses.  In  this  instance  the 
diphtheria  could  not  be  recognized  as  such  while  it  was  still  recent;  but  that 
it  was  a  ease  of  true  diphtheria  was  apparent  from  the  long-continued  disturb- 
ance of  the  health,  the  marked  swelling  of  the  gl-inds,  and  the  paralysis  of  thu 
Boft  palate,  of  the  pupil,  and  of  the  accommixbdion. 

After  severe  diseases  there  is  a  weakness  of  the  accommodation  which  often 
lasts  for  quite  a  long  time,  but  which  is  no  more  to  be  regarded  as  a  paresis 
than  is  the  muscular  weakness  of  convalescents  in  general.  The  range  of  ac- 
commodation in  these  cases  is  normal,  but  its  lasting  power  is  defective,  so  that 
exhaustion  and  asthenopic  troubles  sjiecdily  set  in.  This  weakness  of  accom- 
modation disapj>ears  of  itself  in  proportion  as  the  strength  of  the  juitient  comes 
back. 

A  reduction  of  the  accommodation  is  furthermore  found  in  t!ic  prodromal 
•ta^  of  glaucoma  and  in  sympathetic  ophthalmia. 

It  is  evident  that  the  accommtwlation  is  completely  abolished  when  the  lens 
is  luxated,  or  is  removed  altogether  from  the  eye,  but  such  ca.ses  are  not  prop- 
erly designated  by  the  name  of  fMirulysis  of  the  accommodation. 


Bpasm  of  tite  Acco.umod.vtio.s. — The  instillation  of  atrojiint',  Iwsides  caus- 
ing paralysis  of  the  accommodation,  usually  results  also  in  a  slight  change  of  the 
refraction,  which  in  fact  becomes  soniewlmt  lessened.  If,  for  exaniple,  there  was 
cmmetro|)i!»  In-fore,  the  eye  after  atriipiiiiy.iition  is  slightly  hyi)ennetropic.  The 
slight  reduction  of  the  refraction  produced  by  atropine  correspontls  to  the  tonic 
contraction  (tone)  of  the  ciliary  muscle  w^hich  la  constantly  present,  ard  which 
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disappcurs  only  when  the  muscle  is  paralyzed.  But  if  u|)on  the  use  of  ntro^^uT 
the  refraction  is  diminiähed  to  a  greater  extent— i.  e.,  to  1  Dor  more — the  con- 
dition then  can  not  be  regurded  us  representing  the  tone  of  the  cilimry  muscle, 
but  must  be  looked  upon  u8  u  spasm  of  the  Intter.  This  spasm  develojw  in  ct>o- 
Bcquence  of  continual  near-work,  as  the  accommodation,  when  it  h  sintinrd  all 
the  time,  at  length  geta  to  be  in  such  a  state  that  it  can  no  longer  bv  rvlaxed. 
It  b  found  only  in  young  persons,  and  most  frequently  in  myopic  eyes,  which 
then  appear  more  myopic  than  they  reully  arc.  But  spasm  of  the  accommodadoo 
also  occurs  not  infre<iuently  iu  emmetropic  and  hypermetropic  eyes,  making  the 
former  appear  myopic;  the  latter  appear  less  hy]>ermctropic  than  they  are,  or 
even  emmetropic  or  myopic.  S|>a«m  of  the  accommodation  dLsappears  »poa- 
taneously  when,  as  age  advances,  the  range  of  nccoinmodation  diminiishes. 
But  before  this  occurs  it  may  have  given  rise  to  true  myujiiu.  It  is  combated 
by  the  instillation  of  atropine,  wliich  must  be  kept  up  for  quite  a  long  time 
(four  weeks  and  more).  Unforttmntely,  in  most  cases  when  the  atropine  luw 
l>een  discontimietl,  the  spaj§m  retum.s  after  a  shorter  or  longer  interval. 

An  artificial  spasm  of  accomtnodation  of  high  degree  combined  with  con> 
traction  of  the  pupil  develops  after  the  instiliation  of  a  miotic. 


PART  rv. 
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GENERAL  REMARKS. 


152.  The  antiaepfic  rnelhnd,  which  rei>reseiits  tbe  greatest  progress 
made  in  surgery  during  recent  times,  has  also  produced  an  essential 
improvement  and  greater  certainty  as  to  results  in  the  special  tlDumiti 
of  operations  upon  tlie  eye.  It  is  therefore  the  firwi  duty  of  every  oper- 
ator upon  the  eye  to  proceed  in  a  perfectly  aseptic  and  antiseptic  man- 
ner. In  operations  u])on  the  eye  we  have  less  to  do  with  antisepsis 
than  with  iisepsis;  we  do  not  have  to  disinfect  a  contaminated  wound, 
but  to  make  a  wound  that  is  clean  and  keep  it  from  contamination. 

ContaminatioLi  of  the  wound  may  either  be  effected  by  means  of 
the  operator  and  his  instruments  or  it  may  take  its  origin  from  the 
adnoxa  of  the  eyeball.  To  avoid  the  former,  the  hands  of  llio  operator 
must  be  well  cleansed  and  then  disinfected  Avith  a  four-per-oent  sohi- 
tion  of  carbolic  acid  or  a  solution  of  corrosive  sublimate  (1  :  2,00(1), 
The  delicate  instruments  which  are  used  for  opuniting  upon  the  eyeball 
itself  are  best  disinfected  by  boiling  in  distilled  water,  and  the  larger 
instruments  by  means  of  a  solution  of  carbolic  acid.  To  prevent  in- 
fection of  the  wound  by  the  conjunctival  sac,  the  latter  must  be  thor- 
oughly washed  out  with  a  sublimate  solution  (1  :  4,00ü)  directly  before 
the  operation  ;  but  the  conjunctival  sac  affonls  special  danger  of  in- 
fection only  when  decomposed  secretion  is  present  in  it  as  a  result  of  a 
lesion  of  the  conjunctiva  or  lachrymal  sac.  In  this  case  infection  of 
the  wound  can  not  always  be  avoided  even  by  the  most  carefid  disin- 
fection, for  it  is  impossible  to  kill  with  certainty  all  the  germs  present 
in  the  conjunctival  sac,  since  strong  antiseptic  solutions,  such  as  are  in 
use  for  other  parts  of  the  body,  can  not  be  borne  by  the  eye.  Moreover, 
we  can  not  prevent  the  e«tnjunetiva  from  continuing  to  secrete  after 
the  operation  has  been  perfornied,  and  no  more  can  we  shut  off  com- 
pletely the  communication  that  tho  conjunctiva  lias  with  the  lachrymal 
sac  and  through  the  latter  with  the  nose.     For  these  reasons,  before 
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proceeding  to  perform  an  Operation,  we  ought  to  try  first  to  relieve  by 
appropriate  treatiiieut  ftiiy  lesion  of  the  conjuuctiva  or  lachrymal  sac 
that  may  be  present.  In  respect  to  the  special  case  of  blennorrhoea  of 
the  lachrymal  sac,  its  perfect  cure,  unfortunately,  requires  a  very  long 
time.  Hence,  in  order  to  accomplish  my  purpose  more  quickly,  1 
often  either  extirpate  the  lachrymal  sac  some  days  before  the  opera- 
tion, or  I  split  its  anterior  wall,  and,  after  suitable  cleausiug,  fill  it 
with  iodoform  powder. 

After  the  operation  an  aseptic  dressing  is  applied.  If  the  operation 
was  U130U  the  eyeball  it^jelf,  directly  after  it  has  been  completed  we 
close  the  lids  and  place  upon  them  first  a  pledget  of  sterilized  gauxe 
(iodoform  gauze,  sublimate  gauze),  and  upon  this  lay  a  dressing  of  cot- 
ton, which  is  held  in  place  by  a  bandage.  Operation-wounds  upon  the 
conjunctiva  or  the  liils  are  disinfected  anew  before  the  application  of 
the  dressing  by  flushing  with  sublimate  solution,  and  are  then  sprinkled 
with  iodoform  powder,  and  over  this  the  dressing  is  applied. 

Afttpxf/ieititi  for  operations  upon  the  eyeball  is  eflFected  by  cocaine,  a 
fivc-pcr-cent  solution  of  which  is  instilled  severid  times  into  the  con- 
junctival sac  at  intervals  of  a  few  minutes.  The  solution  should  bo 
freshly  prepared  and  filtered.  After  instilling  it  we  mast  take  care 
that  the  patient  keeps  the  eye  shut,  because,  as  a  result  of  tlie  coc^aine 
ansesthetiia,  winking  takes  place  with  less  frerjuency,  and  hence  the  cor- 
nea, if  uncovered,  is  apt  to  become  dry  upon  its  surface.  Cocaine  an»8- 
thesia  lasts  alunit  ten  minutes.  It  4ilTcct«  oidy  the  superficial  parts,  like 
the  cornea  and  conjunctiva,  while  the  iris  remains  sensitive.  In  iri- 
dectomy, for  example,  the  grasping  of  the  eyeball  and  the  incision  are 
not  felt,  but  the  excision  of  the  iris  is  painful.*  In  o}>crations  upon 
the  lids,  several  drops  of  the  cocaine  solution  may  be  injectetl  beneath 
the  skin  of  the  lids.  Narcosis,  with  chloroform  or  ether,  is  required 
only  for  the  major  opemtions,  such  as  enucleation,!  etc.,  and  in 
children. 

153.  In  regard  to  operations  upon  the  eyeball  ifseif  the  foUowmg 
principles  hold  good  : 

The  separation  of  the  lids  is  effected  by  means  of  lid-specula  (blepha- 
rostats, elevators,  or  ecartenrs).  There  are  some  which  hold  both  lida 
open  at  once,  keeping  them  apart  by  the  elastic  force  of  a  spring 
(spring-specula),  and  others  which  are  designed  for  one  lid  only  and 
must  be  hold  with  the  hand  (Desmarre's  lid-retractor).    The  eyeball 


I 
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•  [If,  however,  the  jjerforrnance  of  the  operation  is  delayed  long  enough  ften  or 
fifteen  minutes)  nfttr  the  first  itiflillfttion  of  co<'nin«i  for  the  dnii?  to  pass  thmn^ 
the  conu'a,  the  iris  also  tuny  I»  coriipietely  atiii'^thotizetl.  and  iridtftomy  i^thcn  por- 
fonnod  «bsolutcly  without  jiain. — D.J 

■f  [Even  cnuelealitjn  has  betMi  don*  under  cocaine,  tlie  latter  being  Injected  into 
the  deeper  tissues  of  the  orbit  by  mean«  of  n  sftecially  devjse<l  »vritiRB  with  curved 
tip,  which  reache»  behind  the  eyeball  (syringe  of  J.  A.  Wiiite,  of  Kiehniond,  Vn.). — I),] 
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itself  is  fixed  by  grasping  a  fold  of  conjunctiva  close  to  the  corneal 
margin  with  a  toothed  forceps  (Waldau's  fixation  forceps)  and  holding 
it  in  place. 

lu  cases  wliere  it  is  important  to  exert  no  pressure  upon  the  eyeball 
(as,  for  example,  when  it  is  desired  to  avoid  escape  of  vitreous)  we  have 
the  lids  hold  apart  by  the  finger  of  an  assistant,  and,  wherever  possible, 
abstain  from  grasping  tlie  eyeball  with  the  fixation  forceps. 

The  incision  which  lays  the  eyeball  open  is  made,  na  a  rule,  within 
the  limits  of  the  anterior  chamber.  As  this  latter  is  bounded  by  the 
cornea  and  at  its  periphery  by  the  most  anterior  portion  of  the  sclera, 
the  section  may  lie  either  in  the  cornea  or  in  the  sclera.  We  tijerefore 
distinguish  sections  with  respect  to — 

(a)  Their  posifiouy  into  corneal  and  scleral.  These  differ  from  each 
other  mainly  in  the  foHowiug  points:  1.  In  scleral  incisions  there  is 
more  tendency  to  prolapse  of  the  iris  than  in  those  of  the  cornea  (see 
the  remark  at  the  close  of  the  following  paragraph).  Hence  arises 
the  necessity  of  excising  the  iris  in  scleral  sections  in  order  to  prevent 
inclusion  of  the  iris  in  the  wound.  For  this  reason  such  an  operation 
as  Von  (Jruefe's  peripheric  cataract-extraction  is  always  combined  with 
iridectomy.  If,  on  the  other  hand,  we  wish  to  save  the  iris  (as,  for  in- 
stance, in  paracentesis  of  the  cornea  and  in  simple  cataract-extraction), 
we  will  place  our  section  not  in  the  sclera,  but  in  the  cornea,  and  as  far 
as  possible  from  the  edge  of  the  sclera.  2.  The  sclera  is  covered  by 
conjunctiva,  and  a  wound  in  the  sclera  can  therefore  be  provided  with 
a  conjunctival  flap — a  thing  which  is  not  possible  in  corneal  section». 
3.  Scleral  wount!«  are  less  apt  to  become  infected  than  those  in  the 
cornea,  because  of  the  slighter  tendency  that  the  sclera  exhibits  toward 
purulent  iuflamnmtion.  Hence,  before  the  introtluction  of  antiseptic 
methods,  scleral  incisions  gave  better  re- 
sults than  did  those  in  the  cornea.  At 
present,  when  infection  is  avoided  in 
every  possible  way,  this  distinction  is  no 
longer  of  so  very  much  weight. 

(b)  In  s/uipe,  incisions  may  be  linear 
or  curved.  The  former  lie  in  a  great 
circle  of  a  sphere,  and  hence  form  upon 
the  surface  of  the  eyeball  a  line  which  is 
the  sliortest  that  can  be  mmle  to  connect 
the  terminal  points  of  the  Bection  (e  «/, 
Fig.  160).  The  curved  or  flap  incisions 
correspond  to  a  small  circle  of  a  sphere. 

ilctwceu  the  largest  curved  st^ction  (e  il  /,  Fig,  160)  and  the  linear 
section  an  infinite  number  of  sections  [ecf^ebf)  may  bo  conceived 
to  exist,  constituting  the  transition-forms  between  the  two.  These  are 
curved  sections  of  varying  altitude;  the  linear  section  forms  their  infe- 
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rior  limit,  and  may  therefore  be  regarded  as  a  curved  eectioa  whose 
altitude  =  0.  Most  of  the  sections  in  general  use  are  curved  ones,  wiüt 
an  arch  of  greater  or  less  altitude.  An  example  of  a  pure  linear 
tion  would  be  the  one  devised  by  Saemisch  for  laying  open  an  abac 
of  the  cornea,  in  which  the  latter  is  divided  witjj  a  Graefe  knife  from 
behind  forward  (|  155).  A  fliip-incisiou,  having  the  ends  of  its  secti< 
at  the  same  distance  apart  as  a  linear  incision,  will  have  a  lonj 
wound-tract  than  the  hitter,  unil  is  apt  to  gape  more  widely,  owin^  to 
the  likelihood  of  a  lifting  up  of  the  flap. 

In  making  the  section,  care  must  be  taken  that  the  knife  is  with- 
ilrawn  from  the  wound  slowly,  so  that  the  aqueous  may  escape  as  ^rad- 
ually  as  po-nsible.  lu  this  way  we  avoid  the  evil  results  which  too  rapid 
escape  of  the  aqueous  often  entails,  such  as  extensive  prolapse  of  the 
iris,  subluxation  of  the  lens,  prolapse  of  the  vitreous,  and  intraocular 
hii'morrhage.  The  slow  escujie  of  the  aqueous  is  particularly  iuiportaot 
if  an  operation  is  done  when  there  is  increase  of  tension. 

In  completing  the  operation  the  greatest  attention  must  be  paid  to 
having  the  iris  in  proper  position.    Under  no  circumstances  should  the 


■v^jjjyij^;^ 


FlO.  101.— NoWtAL  POBITION 
or  THB  IrM  (AITKR  A 
SCUBRAL      FlaP-BXTIUC- 

TioH).    MAOMtniu««!. 

Tlif  »nglf«  of  the  fttihlncfer, 
II  and  ((,,  are  botb  tuwr 
ilowu. 


Pi».  lOS.— Ikcamokration  or 
TBI  Iris  iit  trb  Vfuvsu 

lArrCU  A  CuRÜKAL  FLAP- 
BCTRACTIOH).  MAOSIFtKO 
2x  I. 

The  iris  Is  risibl«  as  a  dark 
nrxlulp.  I,  Id  the  wmind, 
jind  Ih«  sngV,  «,,  of  the 
H^jhliietpr  on  tlie  nani« 
sill««  n]!!»"»!-!)  flniMn  up  in 
cMni|>nris.in  wiili  rliitt  itf 
tln'  i"llu-r  siiie.  whicli  ia  in 
It»  pn)[*er  (jositiou. 


Pis.  163.— IncARdiiATTnii  or 
THR   Iria  urrsR  Simpi.« 

LiNSAK  EXTRAt-rtllM  WITII- 

ouT    Iripbctu.v).      Mao* 

KlriKD  2«  1. 

Tb<>  pupil  iM  drawn  towanl 
th«'  fli'iitrix.  S :  ».  »,,  «nc- 
linn  in  sclensUjmy  after 
De  Wecker'«  oieUtod. 


iris  be  left  incarcerated  in  the  wound.  Prolapse  of  the  iris  is  mani- 
fested by  different  signs,  according  to  the  extent  to  which  the  iris  is 
protruded.  If  the  iris  has  pushed  its  way  through  the  wound  to  the  out- 
side, it  becomes  visible  as  a  dark  swelling  or  nodule  either  in  the  middle 
of  the  section,  or,  if  some  of  the  iris  has  been  excised,  at  one  or  both 
ends  of  it  (i,  Fig.  U!2).  The  condition  when  the  iris  does  not  protrude 
from  the  wound,  but  ia  merely  jammed  in  between  the  internal  lips  of 
the  latter  (Fig.  1'14),  is  recognized  by  the  dis}ilacoment  of  the  pupil. 
For,  after  o[)orations  uf  this  sort,  in  which  the  iris  has  boon  excised,  the 
boundary  between  the  pupil  and  the  coloboma  is  markeil  by  two  pro- 
jecting angles,  forming  what  are  called  the  angles  of  the  sphiuotcr 
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(Fig.  IGl,  a  and  o,).  These  correspond  to  the  spot  where  the  margin 
of  the  pupil  paflaes  into  the  lateral  limits  ("pillars'")  of  the  coluboitia. 
When  tlie  iris  is  free,  the  angles  of  the  sphincter  are  directly  opposite 
one  another,  and,  moreover,  lie  iu  the  circular  line  which  the  margin 
of  the  ptipil  would  form  if  still  uninjured  ("  the  angles  of  the  sphincter 
are  low  down,"  Fig.  101).  Hut  if  the  iris  is  incarcerated  in  the  wound, 
the  eorrespondiTig  pillar  of  the  eoloboma  is  thereby  shortened,  and  the 
angle  of  the  sphincter  looks  as  if  drawn  up  ("  the  angle  of  the  6i)Iiincter 
is  higher,"  Fig.  162,  a,).  The  angle  of  the  sphincter  maj  be  pushed 
up  eo  far  that  it  is  not  visibäe  at  all. 

After  operations  in  which  no  part  of  the  iris  has  been  excised,  there 
are,  of  course,  no  angles  in  the  sphincter;  the  inclusion  of  the  iris  in  the 
wound  then  manifests  itself  only  by  the  displacement  of  the  pupil 
toward  the  wound,  precisely  as  is  seen  after  perforating  ulcers  of  the 
cornea  with  incarceration  of  the  iris  (Fig.  1G3). 

Inclusion  of  the  iris  in  the  wound  is  accompanied  by  evil  conse- 
quences of  many  kinds.  The  healing  of  the  wound  is  interfered  with 
by  inflammatory  irritation,  and  is  protracted.  The  cicatrix  is  less  solid 
and  regular  iu  its  formation,  and  even  when  it  is  formed  the  inclusion 
of  the  iris  may  afterward  give  rise  to  increase  of  tension,  to  inflamma- 
tion, and  oven  to  sympathetic  disease  of  the  other  eye.  To  avert  thei*e 
results  every  attempt  must  be  made,  after  completing  the  openilion,  to 
release  the  iris  from  its  condition  of  incarceration,  and  to  put  it  in  the 
proper  position.  Tliis  is  done  by  entering  the  wound  witli  a  spatula, 
and  with  this  stroking  tlie  iris  so  as  to  bring  it  back  again  into  the  an- 
terior chamber.  Should  this  attempt  be  unsuccessful,  or  should  the 
iris  after  replacement  again  prolapse  into  the  wound,  the  incarcerated 
portion  of  the  iris  must  be  drawn  out  and  excised. 

Ilmnorrftnf/e  into  the  anterior  chamber  occurs  in  those  operations 
which  cause  injury  to  vascular  tissues  like  the  sclera  and  iris.  If  the 
iris  18  healthy,  it  hartlly  bleeds  at  all  upon  being  cut  through,  since  its 
veasela  close  very  rapidly  from  contraction  of  their  walls.  IJut  in  those 
cases  in  which  an  operation  is  done  npon  a  diseased  iris  (as  in  iritis, 
glaucoma,  and  atrophy  of  the  iris),  copious  bleeding  often  takes  place 
from  the  iris,  so  that  the  whole  anterior  chamber  iills  with  blood.  The 
bleeding  is  disagreeable,  because  it  prevents  the  operator  from  inspect- 
ing the  interior  of  the  eye;  but  in  otherwise  healthy  eyes  it  generally 
produces  no  other  disadvantAge,  an  the  blood  is  absorbed  again  within  a 
few  days.  But  in  eyea  where  the  iris  is  diseased  not  only  is  the  hnpm- 
orrhage  more  extensive,  but  in  addition  the  blood  takes  a  longer  time — 
sometimes  in  fact  months — to  dis;ip[icur  by  ro^nrptiou;  ancl,  moreover, 
it  is  precisely  iu  such  cases  that  the  whole  metabolism  of  the  eye  is  seri- 
ously afTected. 

Haemorrhage  from  divided  vessels  should  not  be  confounded  with 
those  intraocular  haemorrhages  which  are  caused  by  the  sudden  and 
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upon  the  eye,  coughing,  Bneezing,  and  the  like.  Thi.s  "  bursting  of  the 
wound  "  is  ordinftrily  followed  by  extravasation  of  blood  into  the  an- 
terior flmmber.  The  iris  also  may  be  swept  into  the  wouml  and  incar- 
cerated tliere,  or  intlummation  (irido-cyclitis)  may  set  in.  Another  way 
in  which  the  healing  of  the  wound  may  be  interfered  with  consists  in 
the  fact  that  the  edges  of  the  wotind  do  not  adiiere  to  one  another 
directly,  but  are  united  by  an  interposed  cicatricial  mass  of  recent  for- 
mation. This  is  moat  frequently  the  easo  when  direct  contact  of  the 
edges  of  the  wound  is  prevented  by  the  presence  of  an  incarcerated  iris 
or  lens-capaule,  but  it  may  also  occur  when  there  is  au  increase  of  ten- 
sion by  means  of  which  the 

wound  is  made  to  gape  and  J^-    ,      Ü 

is  thus  kept  open.  In  these 
cases  the  cicatrix  that  is 
formed  is  loss  firm,  and  in 
fact  a  small  portion  of  it 
may  remain  entirely  open, 
BO  that  the  ftqiieoas  keeps 
trickling  through  it  be- 
neath the  conjunctiva  and 
makes  the  latter  wdematotis 
{ct/stoid  cicatrizatinn^  Fig, 
IG-t).  Cicatrices  which  are 
not  sufficiently  firm  often 
become  ectatic.  This  has 
as  its  immediate  conse- 
quence an  irregular  bulg- 
ing of   the  adioillin«'  parts    f^°'  IW— IwoLmon  or  rmt  Ihi»  with  CysTom  CiCATBi- 

^  ''  ,"  ,  tATIOK   AFTKR  TUK    EXTRAITIO.S    OF    A    SKMUG    C'ATA- 

of  the  cornea,  so  that  the        «wi^r  by  «RAicrR's  Pkhipueiuc  Limiah  skotion.  !>- 

LAnoEMENT  lax  ]. 

rUSllUs  of    the    Oponitlon,  as    Xhe  in«  /  exU-nU»  from  II»  orlRin  in  the  ciliar*-  body  C 

to  111»*  iiiiifr  urlfl«'  of  th<^  uouiirt,  no  that  her»"  the 
miUTtor  chftinld'r  1»  coiUr«<'I<.'<l  into  n  iiitrrow  slit, 
Tlif  iriH  within  the  lra<-l  of  Ihf  wound  in  rultlfil  upon 
llM-lf.  tht^  |toiot  of  llfxioii  L-orr('K|M>a<liiii;'  lo  tlx'  '.'X- 
tfrior  siirfao«»  of  tin-  ssclern  TIih  )iui>lll»rv  portion 
/•of  tlw  iri8  fxlemlB  from  the  «Itf  of  tln-'t-niistric- 
tlon  Into  the  anterior  «liiiintx-r,  »hcri'  ii  li'-n  free. 
Uu  Ita  anterior  Kurfnce  iiiay  be  w-en  the  eiitriinee  of 
a  crrpl.  near  Itfl  posterior  BurfBC«^  the  cross  sect  ion 
uf  the  Hlihiucter  puplUip.  BeMkie»  the  iris,  llie  cap- 
mile  it  of  the  Ivn»  in  also  dmwii  up  to  the  cieatrix, 
aud  hoa  beitinie  odherent  to  it.  The«ei:tlon  by  which 
the  extraction  wiia  ttmde  cuIh  in  two  ttie  line  uf  jiinc- 
tioti  lietureen  tin-  M.-lera  N'  utui  t)ie  cornea  H,  mo  that 
by  it»  antcrliir  half  it  lie»  in  the  M-lera,  by  Its  po«f*rlor 
hnlf  in  tlie  cornea.  On  account  of  the  Intenwuition 
of  the  iris,  the  hjis  of  the  wound  hare  not  united  :  in 
fact,  the  tract  of  the  wound  extends  a«  an  u|ien  car- 


far  as  vision  is  concerned, 
are  impaired  by  the  pres- 
ence uf  irregular  Jtstigma- 
tism.  Later  on  cystoid  or 
ectatic  cicatrices  may  give 
rise  to  elevation  of  tension 
or  to  inflammatioti. 

2.  Sitppurntiim  of  iJie 
Wound.  This  is  manifest- 
ed by  the  yellowi^^h  discol- 
oration which  the  wound  as- 
sumes ut  some  point,  while 
at  the  same  time  violent  inflammatory  symptoms  (often,  however,  unas- 
sociatod  with  pain)  set  in.  From  the  wound  the  suppuration  extends 
either  to  the  uvea  alone,  so  that  purulont  irido-cyclitis  develops,  or  to 


ily  h  even  Into  the  tissue  of  the  conjunctiva  of  th« 
liirthiiic  /.,  »I  that  the  wound  is  closed  only  by  a  veiy 
tiiin  layer  of  lisHue. 


vidi 


[dovn.    The  «mteone  «  tttnpkijy  or,  if ; 


of  tlM» 


apt  toi 


Bd  foraeri  J  vm  tke  aast  fifvqneni 
Kt  of  bKadnes  in  an  ere  vbieh  had  been 
We  iMMT  know  thai  aappantien  of  tbe  «amid 
of  inCectio«  of  Urn  wound ;  aad  kj  the  applMttiaQ  of 
itiMfiCie  aodiod«  the  mnaber  ol  cmbb  in  vhich  aniipanitMNt  tak«i 
can  Bov  be  vedooed  to  a  miBimnm. 
3.  InfigmmatioH  «/  /i«  rnn.    Iritis  and  irido-cyditis  occur  totj 
ly  after  operation»  in  which  the  eyefaaQ  has  beea  opeiied.     la 
thet«  it  sraplj  a  lUgfat  iritis,  which  does  do  harm  beyoitd 
that  indaced  br  a  few  posterior  Brnechic  which  remain.     But  in  the 
cases  the  tafiammation  leads  to  ooclosioii  of  the  pnpü,  and  eitlier 
itates  a  secoodarjr  operation,  or  actnallj  temiBates  in  ioctitmble 
bUndoess  doe  to  atrophj  of  the  ejeball.    In  cases  of  the  latter  sort 
there  ta  also  a  danger  of  Ejmpathetic  disease  of  the  other  eve.     Slight 
iaflutn (nations  of  the  iris  are  generali v  to  be  regarded  as  a  purelj  traa- 
kflftstic  affection  caused  by  the  way  in  which  the  iris  has  been  gnupod 
and  palled  upon.     In  other  cases  it  is  possible  that  either  portions  of 
the  lens  which  are  left  behind,  or  similar  substances,  produce  mochanicaJ 
or  chemical  irritation  of  the  iris.     Severe  inflammations  depend  either 
u{>on  infection  or  upon  a  lighting  up  of  old  inflammation,  as  when  an 
operatioQ  is  done  in  an  eye  which  was  formerly  the  seat  of  an  irido- 
cyclitis. 

In  former  times  much  more  importance  wss  sttached  thftn  now  to  the  shape 
■nd  petition  of  the  Mction,  cspecially  in  catsract-operationa,  the  hope  of  ■ 
hH]Hiy  result  being  based  solely  upon  the  proper  |->erformance  of  the 
Startinfr  with  this  %*iew,  observers  devised  a  great  nunilier  of  dUIerent  met 
of  o[M.Tatiug  which  huvc  already,  in  part  at  leai>t,  fallen  into  oblivion.  At  the' 
pn-Ht-nt  time  we  know  that  the  rigorous  carrj-ing  out  of  antisepsis  in  the  ojierm- 
tion  and  after-treatment  ia  of  much  greater  ^gnificance  than  the  choice  of  • 
meiliud  of  o(ierattng.  Any  »section  which  \»  of  the  necessary  sitw  and  is  »uitjihle 
in  poflition  gives  good  results,  if  in  other  respect«  we  proceed  with  the  must 
■crupuloua  clcanlines«.  In  eye-ojwrations  this  is  doubly  important,  &iucc  the 
ruHult  that  we  seek  is  attained  only  if  healing  by  first  intention  is  aecurt^d. 
When  nn  amputatiMQ-wound  does  not  heal  by  flrat  intention,  but  by  suppurution. 
thiti  accident  usually  does  the  patient  no  harm  beyond  prolün^^ing  hi»  stay  in 
bed;  itiit  if  su|i|>uriition  ensue«  instead  of  primary  union  after  an  iridectoray  or 
caturtict-opcrratjon,  the  eye  is  lost,  which  for  an  operator  u[»on  the  eye  i»  th« 
same  tliiti;r  hm  the  dciiHi  of  the  patient  would  be  for  the  surgron. 

In  jiulgirig  of  the  size  and  i>osition  of  any  particular  form  of  section,  not 
only  the  <nürr  and  vuihle  iround  but  also  the  internal  one  must  be  taken  into 
cunBtderntioii.  Thiit  the  latter  is  of  a  different  size,  shape,  and  position  fn>m 
tho  cxt<'rniil  woim«!  arises  from  the  fact  that  in  most  methods  of  [>crfomiing 
thcBfftion  thu  knife  divides  the  tunics  of  the  eye  obliquely  (Fig.  10Ö, /i 
I').     This  is  j)iu-ticulurly  the  caäo  with  the  wounds  made  by  the  lance-shaf 
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knife.  Even  if  at  firnt  we  plunge  the  lancc-knife  in  perpendicularly,  wc  must 
still,  as  soon  as  its  point  Im»^  entered  the  anterior  chamber,  change  it«  potsition  so 
that  It  shnll  be  pushed  along  parallel  with  the  iri.s.  ns  othcrwi.st«  we  should  get 
into  the  iria  and  lens.  The  inner  urifiee  of  the  section  (Fig.  165,  it)  therefore 
lie»  nearer  the  ceuter  of  the  cornea  thau  doed  its  outer  oriäce  (Fig.  16S,  a  a). 

J» 


O 

Via.  16S.— BBCTtOIIB   FOB  IsmKCTCIMY  AKD  CATARACT-KXTKjWTION.       SCREMATir.     MAOHinES  2k1. 

D,  peripheric  s«vfloD  for  irldt'L-toniy  in  cane  of  Incrpsi»  of  tennlnn  :  n,  n.  i-iternal  orid««  of  tbtt 
wound  gttuatcd  In  the  sclera:  i,  i,  iutt<riiAl  ortllcp  sUuatt^l  at  thi>  Hcteroeoraeai  Jiicctton. 
In  order  to  n-ppt-scnt  ilieae  relalloD»  a  i'orrt*ctly  perfnrme«!  Iridefftxiiy  was  niucte  upnii  the 
eye  of  A  ciulBVf  r,  aiwl  Ihe  cxftut  pcisitiun  of  llie  oriflif  n  of  Ha-  wi>uii<i.  prtijurly  matniifle.!. 
wBi>  transfi'rret]  la  th*  dnvwing.  <),  HfiMlon  for  an  Iridfctoiny  iloru"  fnr  riiakiriit  nn  ofitioal 
caloboma.  The  Miction  Ilea  fntirfly  In  the  cornea :  the  colotxmio  is  slt'nder,  unii  does  not 
rjctetxl  up  to  the  ciliar)'  tiiArKlii.    L,  BecUoDi  for  a.  siiuplü  Utie&r  exttavtioa. 

For  this  reason  sections  whose  outer  orifice  Ilea  in  the  sclera,  and  which  hence 
are  usually  repirded  as  scleral  sections,  nevertheless  by  their  inner  sppnent  lie- 
long  to  the  cornea  (/,  Fig.  100).  A  further  fact  contributing  to  tJÜH  relation 
between  the  external  and  internal  sections  is  that  the  sclera  overlaps  the  cornea 
externally,  and  the  latter  therefore  in  its  inner  layer«  extend»  farther  toward  the 
jK'rijihcry  than  can  be  seen  from  the  outside.  Hence,  even  Hcictions  situated! 
pretty  high  up,  like  Von  Grncfe's  jH-rijihiTie  linear  section  for  cataruct-ixtraction 
(Fig.  164|,  are  in  great  ])art  located  in  conieiii  tissue.  This  fact  that  the  interna! 
wound  is  less  peripherally  situated  than  the  external  must  be  taken  into  account 
in  making  the  section.  If,  for  example,  w^e  desire  to  excise  the  iris  up  to  a  cer- 
tain <!}Mjt,  wc  muHt  not  perforate  the  cornea  at  a  point  directly  opposite  the  lat- 
ter, but  must  place  the  corneal  section  farther  toward  the  iK-ripherj-,  so  that  the 
internal  wound  may  lie  at  the  spot  at  which  the  iris  is  to  lie  cut  off. 

The  internal  wound  is  also  of  less  tenj^h  than  the  external  (Fig.  105.  a  a 
and  1  i).  Thin  fact  also  mast  be  taken  into  consideration,  particularly  in  cata- 
ract-o[>erations,  in  which  care  must  be  taken  that  not  only  the  external  but  also 
the  internal  wound  shall  be  large  enough  to  allow  the  cataract  to  pass  through. 

The  oMiqve  etmrte  of  the  wound  through  the  tunica  of  the  eye.  furthemiore, 
affects  the  tendency  of  the  wound  to  ga])e.  It  was  said  alwive  that  flap- wounds 
gape  more  thnn  linear  wounds;  but  the  tendency  toward  gaping  deyHindH  stili 
more  upon  whether  the  wound  traverses  the  tunics  of  the  eye  ]K"q)endicularly  or 
obliquely.  The  former  i.s  more  particularly  tlie  cjuh«  in  sections  made  with 
Gmefp's  knife,  in  which  the  knife  passes  through  the  cornea  or  sclera  from 
within  outward  ;  the  latter  is  the  case  in  sections  made  with  the  lance-knife, 
fk'ctions  of  the  former  sort  gaptt,  owing  to  the  elastic  retraction  of  the  edges  of 
the  wound.  Wounds,  on  the  other  hand,  which  arc  made  with  the  lance-knife, 
and  pass  obliquely  through  the  tunics  of  the  eye,  do  not  ga])c,  because  the  lipa 
of  the  wound  close  «jwrn  one  another  like  a  valve.  The  closure  is  eiTected  bythe 
intrnocailar  pressure.  This  latter  is  exerted  lo  the  same  extent  on  every  point  of 
the  internal  surface  of  the  eyeball.     It  presses  as  strongly  upon  the  posterior  Up 
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of  tbe  «ouBd  («,  fig.  16<)  •>  npoQ  the  antenar  (i\  i 
^aiait  the  latter.  To  tlm  valre-like  ckmre  of  tlie  vaaDd  is  to  be 
the  fact  tka  the  aqneaoft  does  not  eaeape  after  pafaeadetia  of  the  eotBcsiftfce 
laaee^aife  it  witbdiawa  eautkwiaij,  and  witlwat  tauaii  «r  mtaftaoo,  from  tht 
vtMsd.  Tbe  «ooad  nmel  be  made  to  ^ape  before  tbe  agaew  (iw;  ia  liaipir 
Baear  extnctioa.  tbe  «oft  nuiwei  of  leas-matter)  caa  be  eraouated.  It  woaid 
be  a  mistake  to  tr;  to  effect  tbis  bj  preantre  eitber  upon  tbe  center  of  tbe  cccaes 
or  upon  the  sclera,  as  in  so  doing  we  sbould  onl  v  iacreaae  tbe  iatxaocalar  pnasaie 
by  that  which  Is  exerted  from  outöde.  and  thus  pusb  tbe  posleiim  lip  of  Oe 
woood  stitl  mftre  «trongij  against  tbe  anterior.  Onlv  upon  very  mtnM^  |iiiaPiiii. 
bj  which  the  lii»  of  the  wound  would  be  shored  past  one  another,  woold  tbe 
wound  gape  ojien.  The  proper  prooedore.  rather,  b  to  depress  tbe  periphecal 
lip  of  the  wound  (c,  Fig.  196)  with  a  Dsriel'S  «coop,  and  thus  open  tike  vahre. 

Th«  firm  closure  of  tbe  wounds  made  with  a  lance-knife  diminislws  the  dss- 
ger  of  prolapse  of  the  iris.  How,  then,  does  probate  of  the  irim  oecur  at  all  ( 
When  the  cornea  has  been  perforated  at  any  spot,  tbe  aqoeoua  flowa  finom  ercrj 
direction  toward  this  point,  because  here  tbe  ocular  tension  has  sunk  to  DoCbiag 
(i.  e.,  )uw  become  equal  to  that  of  the  external  air).  The  fluid  of  tbe  anterior 
chamber  can  flow  toward  tbe  opening  without  obstruction :  but  tbe  fluid  of  tbe 

posterior  chamber,  to  get  at  tbe 
°  opening,  must  first  pa§6  tbroogb 

the  pupil.  Let  us  assum«  tltad 
the  opening  lies  at  tbe  ina«r 
margin  of  the  cornea  (/,  Pig. 
16G).  In  this  case  the  liquid 
from  the  outer  (more  centndlj 
situated)  portion  of  the  posterior 
chamber  would  fiow  toward  the 
opening  directly  through  tbe 
pupil,  because  this  is  its  shorlMt 
way.  The  case  is  otherwise  with 
the  inner  portion  of  the  chamber,  which  lie»  immediately  opposite  the  opening. 
ricrp  K'^if^K  thrfiiirjh  the  pupil  mean»  taking  a  roundabout  way,  which  is  the  more 
circuitoua  the  farther  the  ii[K'iiing  lies  toward  the  periphery.  The  aqueous  will 
thori'foro  tt-nd  to  take  the  shortest  way  and  rush  straight  forward  toward  the 
Qjiening,  pubiiing  the  iris  before  it.  In  the  language  of  physics,  the  posterior 
surface  of  the  iris  is  subjected  to  the  pressure  of  that  portion  of  the  aqueous 
which  has  not  yet  been  evacuated  (d,  Fip.  1Ö6).  On  the  other  hand,  the  pressure 
ufKj»  the  anterior  surface  of  the  iris  haa  become  zero,  and  the  iris  consequently 
is  pushed  against  and  into  the  opening.  This  is  the  way  in  which  a  prol&pae 
of  the  iris  originates,  tljc  prolapse  being  nothing  but  a  »ac  consisting  of  iris  and 
filled  with  the  liquid  of  the  posterior  chaml>er. 

The  fhiinffr  'if  It  jtrohip»e  of  the  irii  occurring  is  greater — I.  The  greater  the 
mpidity  with  wliicli  the  miueous  is  evacuated,  because  then  proportionately  leaa 
time  is  allowed  tlie  liquid  of  the  posterior  chamber  to  make  the  circuit  by  way 
of  the  jiupil.  Hence  (he  rule  that  in  making  the  section  the  aqueous  should  be 
allowed  to  flow  off  as  slowly  aa  posaiblc.  2.  In  proiiortion  as  the  ocular  tcdHtoa 
rises,  because  then  the  «lilTtTeure  l>etween  the  [)re.H^*u^e  in  the  anterior  chamber 
which  has  been  empMed  iiud  the  [tostcrior  chiiniber  which  ü»  full  l^rcomes  so 
much  the  greater.     When  an  iridectomy  is  made  in  glaucoma,  a  considcnabto 


Flo.  lOö-iinu^nt  Ohimx  or  Tint  Becnnj«  trkocoh 
TUK  Tewir«  or  th«  Etk.    ScntiiJkTic. 

/,  apctkin  for  IrlfJi-ounny.  Ijinn  exurnallj-  In  the  kW«. 
Int4-mally  In  llw«  wVne«  /*.  ««-tkin  for  iMi-acen- 
U:»\» ;  a,  |N>ri|>beriU  ;  6,  oe&lral  Up  of  the  wound. 
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extent  of  the  iris  usuftlly  at  once  protrudes  from  the  wound.  8.  In  proportion 
t  the  wound  livs  iieanT  the;  pprijihiery,  for  then  the  route  whirh  the  a(|iicni]S 

to  take  tlirou|rh  thi;  jiupjl  is  just  so  much  the  inore  circuitous,  aud  both  a 
grenttr  depth  of  jKisterior  ehiimhor  and  a  gn-ater  rumntity  of  iiqucous  to  propel 
the  iris  forward  are  present  at  tlie  spot  com-sjionding  to  the  section.  Hence, 
opemtions  with  a  peri]iheml  «cction  must  be  cuniLined  with  iridectomy,  which, 
wlien  the  situation  of  the  section  is  more  towurd  the  center  (simple  cntaract- 
e.xtraction,  punicentesis  of  the  comcu)  is  not  required.  4.  Accordin;.r  to  tlic  size 
aud  shajH'  of  the  aperture,  since  tliese  condilinns  likewisi'  hnve  nn  effect  in  produc- 
ing prolapse  of  tlie  iris.  It  is  evidoni  that  the  oponin;»  niUht  tie  of  a  ci-rtntn  size 
for  the  iris  to  enter  it  iit  nil.  Agnin,  if  the  Hjierture  is  circuhir — iis  i.s  the  case, 
for  exiimple,  after  jierforation  of  an  ulcer  of  the  cornea  hn.i  taken  pliae — prolapse 
of  the  iris  will  iui,suredly  not  fail  to  develoi».  On  the  other  hiind,  wounds  with 
B  valvular  closure,  such  as  those  made  with  the  lance-knife,  dis])tay  a  comjmm- 
tivety  slight  tendency  to  inclusion  of  the  iris.  We  therefore  try  to  antioipato 
the  occurrence  of  ]MTforation  of  nn  uSctr  by  making  paracentesis  with  the  lance- 
knife,  in  order  to  avoid  prolap.se  of  the  iris  aud  the  anterior  synechia  that  result« 
from  it. 

Prolapse  of  the  Iris  may  occur  not  only  during  the  operation  but  afterward 
also.  We  may.  for  example,  have  succeeded  in  avoiding  the  development  of 
prolapse  during  the  oiHTution,  or  have  removed  it  if  it  has  developed;  and  yet 
on  the  next  day,  when  we  change  the  dressing,  we  may  find  the  iris  prolapsed 
into  the  wound.  This  occurrence  is  due  to  the  fact  that  the  recently  aggluti- 
nated wound  has  reopened,  and  at  the  moment  when  this  took  place  the  same 
conditions  favoring  prolajXM.!  of  the  iris  were  supplied  as  at  the  instant  of  the 
operation  itself. 

Prolapse  of  the  iris  and  its  incarceration  in  the  operation-wound  must  be 
avoided  at  any  cost.  If  we  are  dealing  with  wounds  in  which  there  is  but  little 
tendency  to  prolapse,  it  is  .sufficient  to  carefully  replace  any  iri»  that  may  have 
prolapsed  during  the  operation.  But  if  the  section  is  of  such  »  character  that 
the  iris  is  apt  to  be  pushed  into  it  (as  ia  the  .section  of  the  pt'ri[)heric  catarnct- 
extractions).  the  reposition  of  the  iris  affords  no  security  against  prola])sc;  this 
may,  and  very  often  will,  take  place  subsequently.  In  these  ca.'<os  the  only 
resource  is  excision  of  the  iris.  How  does  this  avert  prolapse?  Is  it  perhaps 
because  all  the  iri«  is  removed  that  could  jHjssibly  prolapse  into  the  wound?  If 
that  were  the  case,  the  iris  would  have  to  be  excised  through  the  entire  extent 
of  the  wound — that  is,  often  for  a  considerable  width.  But  this  is  not  always 
by  any  means  necessary.  As  a  matter  of  fact,  iridectomy  prevent«  prolapse  of 
the  iris  becflu.se  it  puLs  the  posterior  into  direct  communication  with  the  an- 
terior chamber  at  the  site  of  the  wound,  so  that  the  fluid  which  reaccumulatea 
in  the  posterior  chamber  C4in  flow  directly  toward  tlie  (tpeniiig  of  the  wound 
without  forcing  the  iris  iK'fore  it.  For  this  purpose  a  small  opeaing  is  all  that 
is  necessary.  Accordingly,  my  invariable  practice  is  to  combine  a  jwriphcrie 
cataract-extraction  with  simply  a  narrow  iridectomy,  and  I  find  that  in  »his 
way  I  am  able  to  avoid  incarceration  of  the  iri»  with  no  less  or  even  with  more 
security  than  by  making  a  broad  coloboma. 

An  escape  of  jupicous  after  the  cornea  has  been  opened  presupposes  a  pro- 
portionatn  contrnctiou  upon  the  part  of  the  capsule  of  the  eyeball.  If  the 
walls  of  the  eyeball  were  perfectly  rigid,  like  a  metallic  cajwule,  for  instance, 
not  a  drop  of  liquid  would  escape  from  tlie  orifice  which  had  been  made;  a 
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counter-opening  would  have  to  be  luade  in  another  fipot  before  it  could  do«. 
In  addition  to  the  elaatic  contraction  of  the  tunica  of  the  eye,  the   prec«ur«  of 
the  external  ocular  muscles,  and  also  the  pressure  of  the  lidn  upon  the  eye,  coo- 
tribute  to  reduce  the  volume  uf  the  capsule  of  the  eyeball.      Another  facto* 
contributing  to  the  same  result  is  added  where  the  diaphragm  fomicd   by  tbe 
lens  and  zonula  is  yielding  enough  to  push  forward  after  the  escape  of  tha 
aqueoua.     In  old  persons,  the  capule  of  whose  eyeball  is  rigid  and  irhose  tjm 
lie  deep  in  the  socket,  so  that  the  Uds  and  muscles  have  but  little  ]x>wcr  orer 
tliem,  the  cornea  after  the  escape  of  the  aijueous  (especially  if  the  Ivob  is  re- 
moved at  the  same  time)  is  often  pushed  in  by  the  external  atmospheric  prat»- 
ure  {eollftptu«  eornem).     This  occurrence  is  favored  by  the  diminished   thickncM 
of  the  cornea  in  old  age,  and  also  by-  the  use  during,  the  o{)eration,  of  cocaine, 
which  re<luces  the  ocular  tension.     ColIap«e  of  the  cornea  was  formerly  looked 
upon  as  an  evil  event,  because  it  prevents  the  precise  apposition  of  the  lip«  of 
the  wound,  and  it  was  supposed  that  suppuration  of  the  wound  was  thun  pr«»- 
duced.     We  now  know  that  the  proeesa  of  healing  is  in  no  respect  aifected  by 
a  collapse  of  the  cornea.     The  coUapse  disappears  as  soon  as  the  aqueoiu  reao* 
cumulates,  which  is  generally  the  case  as  early  as  a  few  minutes  after  the  opem- 
tion.     When  the  cornea  on  account  of  ita  elasticity  tends  to  resume  it«  ahape 
after  collapse  has  taken   place,  a   negative  pressure  develops  in  the  anterior 
chamber  j»recisely  as  wlien  the  rubber  ball  of  a  syringe,  after  being  compressed 
with  the  hand,  is  allowed  to  expand  again.     Air  may  l>c  sucked  in  by  raeana 
of  this  negative  pressure,  so  that  an  air-bubble  enters  the  anterior  chamber. 
This  does  no  sort  of  barm  to  the  eye.     A  more  unpleasant  effect  of  this  aspirat- 
ing action  occurs  when  the  blood  is  sucked  out  by  it  from  the  divided  veaaela 
of  the  iris,  so  that  the  chamber  is  ßlled  with  blood.     This  'a  particularly  apt  to    | 
take  place  when  the  cavity  of  the  chambers  is  separated  from  the  cavity  of  the 
vitreous  by  a  more  solid  diaphragm  than  usual  (exudation  membranes),  which  ia 
not  able  to  advance    profK^rly  after  the  e.'«ape  of  the  aqueous.     Particularly 
profuse  hiemorrhagc  is  thus  encountered  in  those  iridectomies  and  iridotomiea 
which  arc  made  in  eye«  with  an  old  iridü-cyclitis.     The  bliKxl  in  this  caae  ia 
unpleasant  for  two  reasons:  first,  because  it  is  very  alow  in  being  absorbed ;  and, 
second,  because  it  may  in  part  become  organized  and  clo.>ie  the  new-made  pupil 
up  again.     To  prevent  this  hecmorrhage  ex  vacuo,  I  apply  in  such  cases  a  presa- 
lu-e-bandnge  to  the  eye  as  soon  as  possible  after  the  pupil  haa  been  formed. 
This  bandage  by»  external  pressure  diminishes  the  volume  of  the  capsule  of  the 
eyeball,  and  presses  the  vitreous  against  the  cornea. 

If  we  except  the  ca.ses  mentioned  above,  the  dr<»«ing  applied  after  an  opera- 
tion should  be  a  protective,  not  a  pressure  bandage.  Its  function  consists  merely 
in  keeiiing  the  eye  closed.  In  fact,  a  bandage  that  is  too  tightly  applied  may 
become  the  cause  of  secondary  rupture  of  the  wound.  Accordingly,  in  recent 
years  my  pnicticc  has  been  to  fasten  the  cotton  which  is  laid  \i\ton  the  lids  in 
place  simply  by  a  single  strip  of  linen,  whose  two  extremities  being  coated  with 
adhesive  plaster  arc  attached  to  the  forehead  and  cheek  respectively.  In  thi«  I 
way  no  pr<'ssure  at  all  can  possibly  be  exerted  upon  the  eye.  To  prevent  the  eye 
from  being  touched  by  the  patjunt.  I  fasten  over  the  dressing  juat  described  a 
very  light,  somewliat  convex  wire  frame.  There  is  no  necessity  of  darkening 
the  room  in  which  the  [latient  ojierated  upon  lies;  it  is  sufficient  to  protect  him 
by  means  of  some  contrivance  like  a  screen  from  any  light  that  may  fall  upon  him 
directly.     In  order  to  prevent  breaking  ojien  of  the  wound,  all  kinds  of  phyaical 
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exertion  must  be  avoideii.  Under  thJH  liend  belong  cvon  such  acts  as  violent 
inüstkation,  couching,  sneezing,  etc.  Sneezing  can  be  restrained  if  the  patient, 
when  he  feeU  a  tendency  to  sneeze,  presses  his  finger  against  the  hard  jMtlatc  at 
the  site  of  the  incisive  foramen. 

In  otd  people,  especially  if  they  are  drinkers,  delirium  not  infrequently 
occurs,  particularly  »hen  both  eyes  are  bandaged.  In  this  case  the  eye  that 
has  not  been  ojterated  upon  must  l*e  opened  at  once.  Old  people  suffering 
from  niarasums  are  a[it,  if  they  lie  quiet  upon  their  backs  for  several  days  after 
au  o|H;nitiün,  to  get  hypostitses  in  the  lungs,  which  may  cause  the  patient's  death, 
Hence,  persons  that  are  weak  from  old  age  ought  to  be  taken  out  of  bed  very 
soon — if  necessary,  as  early  as  the  day  after  the  ojieration-  There  are  other 
accidents,  too,  by  which  the  course  of  the  healing  may  be  interfered  with.  As 
these  can  not  usually  be  foreseen,  it  is  advisable  never  to  operate  upon  both  eyes 
at  one  sitting;  for  from  the  operation  and  after-treatment  in  the  case  of  one  eye, 
we  lean)  what  we  are  to  exj^Hict  wht  n  o[>envting  upon  the  second. 

In  email  children  <|uietude  of  behavior  after  the  operation  is  not  to  be  ex- 
pected, and  hence  the  larger  sections,  such  as  those  made  for  iridectomy  or  cat- 
Rract-cxtraction,  have  their  healing  interfered  with.  Accordingly,  for  small 
children  we  ought  to  choose  only  those  methods  of  ojierating,  huch  as  discission, 
which  produce  very  small  wounds. 

(For  keratitis  traumaticu  after  operations,  ae«  pMge  184.) 
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OPERATIONS  UPON  TUE  EYEBALL. 
L  Paracentesis  of  the  Cornea. 

155.  PARACESTEsrs,  OT  pnncture  of  the  cornea,  may  b©  made  eitl 
with  the  liince-knife  or  with  Vou  Graefe's  linear  knife. 

In  making ^nrrtc^«/«*i*  with  the  lance-knife  the  latter  is  plung«d 
in  perpendicularly  close  to  the  outer  und  lower  margin  of  the  cornea. 
As  soon  as  its  point  has  entered  the  anterior  chamber  the  handle  of 
the  knife  is  depressed  until  the  blade  is  pundlel  with  the  plane  of  the 
iris;  then  the  lanee-knife  is  pushed  a  little  further  forward,  so  that 
the  wound  gets  to  be  'Z  or  3  millimetres  long,  when  the  knife  is  witJi* 
drawn  very  slowly  from  the  wound.  Then,  to  make  tlie  aqueous  flow 
off,  we  need  only  depress  the  peripheral  edge  of  the  wound  (c.  Fig. 
IfjG)  gently  with  a  David's  scoop.  The  evacuation  of  the  aqueooa 
should  bu  grudual,  and  preferably  intermittent. 

Paracentesis  with  t!ie  lance-knife  is  made — 1.  In  progressive  ulcere 
of  the  cornea  whose  advance  either  along  the  surface  or  into  the  depth 
of  the  tissues  can  not  be  arrested  by  medicinal  treatment.  In  the  c«se 
of  corneal  ulcers  which  threaten  rupture  we  anticipate  the  occurrence 
of  the  latter  by  performing  paracentesis.  We  thus  avoid  ha'  ing  the 
perforation  take  place  tou  suddcidy,  and  also  avoid  the  occurrence  of» 
prolapse  of  the  iris.  When  the  floor  of  the  ulcer  is  greatly  thinned  and 
is  bulging,  we  select  this  as  the  site  of  our  puncture.  2.  In  ectasias  of 
the  cornea  of  various  kinds,  and  also  in  markedly  bulging  proUfcpsos  of 
the  iris,  or  in  the  stajihylomata  that  develop  from  the  latter.  3.  In 
obstinate  inflammations  of  the  cornea  or  uvea,  and  also  in  opacities  of 
the  vitreous,  in  ordi-r  to  exert  a  favorable  effect  upon  the  nutrition  of 
the  eyeball  by  altering  the  conditions  of  tissue-metamorphosis.  4.  In 
elevation  of  tension  when  this  is  likely  to  be  transient,  as,  for  example, 
in  irido-cyclitis  or  in  swelling  of  the  lens.  5.  After  discission  when 
the  process  of  resorption  is  arrested  in  spite  of  the  swelling  up  of  the 
lens,  since,  as  experience  as  shown,  resorption  then  takes  a  fresh  start 
owing  to  the  removal  of  the  aqueous.  G.  In  hypopyon,  for  removing 
it  when  it  extends  high  np. 

In  all  the.se  cases  it  is  not  infrequently  necessary  to  repeat  the  para- 
centesis one  or  more  times. 

Paracentesis  with  Von  Graefe's  linear  knife  is  made  according 
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the  method  propnseil  hy  Saeinisdi  in  abscess  of  tlie  cornea  (see  page 
IÖH).  1'hti  Gruefa  knife,  whose  cutting  edge  is  directed  straight  for- 
wai'd,  ia  entered  t«  the  outaido  of  the  external  border  of  the  abscess,  in 
the  healthy  portion  of  the  cortien ;  then  it  ia  pushed  in  the  anterior 
chiiniber  toward  tlie  niisjd  side  nntil  its  point  is  brought  out  again 
through  thecorueu  to  the  inside  of  the  inner  margin  of  the  abscess. 
We  then  may  bo  said  to  have  the  abscess  lying  upon  the  edge  of  the 
knLfe,  which  latter,  therefore,  has  only  to  be  puslied  farther  to  the  front 
in  order  to  split  the  abscess  from  behind  forward.  The  section  should 
have  both  its  terminal  points  lying  in  sound  tissue,  and,  if  possible, 
should  be  so  made  that  the  most  intensely  yellow,  progressive  portion 
of  the  abscess  wall  i«  bisected  by  it.  After  the  section  hjis  been  com- 
pleted the  hypopyon  is  removed.  The  section  must  be  reopened  daily 
(with  a  Weber's  knife  or  with  a  Daviel's  scoop),  nntil  the  abscess  begins 
to  grow  clean. 

PAIlACENTESifl  OP  TUB  ScLERA  (Sr/enihimy). — Tliis  mny  bo  performed  in 
the  most  anterior  [»ortion  «if  the  sclera,  belongitif?  ti>  Hie  unteriitr  clmmber,  or  in 
the  jKisturior  and  larf^er  divisitm  of  it  (Hclerfitomiu  anleriur  und  jHisterior). 

SrUrotomitt  nntfri'jT  by  De  Wecker'»  method  is  made  n.s  follows:  Tlie  Oraefe 
kniff!  is  enterud  one  millimetre  outside  of  llie  extenial  niartfin  of  thi  corneii,  und 
brtjujflit  out  attain  at  an  ei|Uftl  distance  to  the  inside  of  the  internal  miirijin  nf 
the  cornea.  The  [loints  of  entnincesiid  emergence  arc  llierefore  symmetrically 
situated,  and  arc  selected  as  though  the  intention  was  to  form  a  flap  two  milli- 
metres high  out  of  the  ujiper  part  of  the  cornea.  And,  in  fact,  after  the  cotinter- 
puacture  hii»  been  made,  the  incision  is  carried  ufiward  by  sawinj,«-  cuts  just  as 
if  this  flap  was  to  be  sepnrated,  but  the  knife  is  withdrawn  lietVire  the  M-elion  is 
completed.  Thus,  nX  the  upper  marijia  of  tlie  cornea  tliere  remains  it  hridge 
formed  of  sclera,  which  connects  the  flap  with  tliu  parts  below  it  ami  prevents 
(he  jLTapinjit  of  the  wound.  Hence,  liy  this  oi)eration  two  sections  at  oace  are 
made  in  ttie  scleral  margin  separated  from  each  other  by  a  narrow  bridge  [»  and 
»,,  Fig.  103). 

Sclerotomy,  on  account  of  the  peripheral  position  of  the  wound,  is  very 
prone  to  be  attended  with  prola]>se  of  the  iris.  It  .>ih(»idd  therefore  be  under- 
taken only  in  those  case»  in  which  it  is  possible  to  produce  a  marked  de^ee  of 
miosis  hy  cserinc ;  the  spnsmodirally  contracted  sphincter  then  keeps  the  iris 
in  the  iinlerior  eh.'iiiiber.  Should  the  iris  in  spite  of  this  Income  wedjired  in 
the  wruiiid,  and  should  it  l>e  iiu]x>s8ihlf  U\  replace  it  satisfactorily,  it  would  have 
to  be  drawn  out  and  cut  off. 

Sclerotomy  is  performed  in  glaucoma,  bjt  its  results  are  not  as  eertuin,  and, 
more  partieuhirly,  not  as  lasting  as  those  of  iridectomy.  Sclerotomy,  accord- 
ingly, has  either  been  given  up  altogether  by  most  o]w?rator8.  or  is  i)erformed 
only  in  exceptional  cases.  Under  the  latter  belong  tlu'  following:  1.  Ghiucoma 
fiimj»le\,  with  a  deep  anterior  chamber  and  without  distiuct  elevation  of  tension. 
2.  Inllanmnitory  glaucoma,  when  the  iris  thn>ugh  atro]ihy  ha.s  Iwcome  so  narrow 
that  one  can  not  hope  to  ]>i'rform  excision  of  tlie  iris  that  woiildi  be  according  to 
nile.  3.  HiEuiorrhagic  gliiucuma.  4.  Uydrophthalmus.  '5.  Jastead  of  a  sec- 
oud  iridectomy  in  those  cuaes  of  glaucoma  in  which  the  incrciuK;  of  tension  re- 
turns in  spite  of  an  iridectomy  j>erformed  according  to  rule. 
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IL    IWDECTOMY. 

158.  Ihilectomj  by  Beer'i  method  is  performed  as  foOom :  Tbe  in» 
einoD  it  made  vitb  the  bwce-knife  in  the  Ticioitj  of  the  margin  of  tlx» 
OomeSt  hein);  sometimes  a  little  to  the  ontside,  sometimes  a  little  to  the 
iiudde  of  tbe  latter,  according  aa  the  point  at  which  it  is  desired  to  ex- 
ciM  the  iria  ia  more  or  leaa  cloae  to  the  cUiary  margin.  The  lanoe- 
knife  in  entered  perpendicularly  until  it^  point  ia  in  the  anterior  cham- 
ber; then  the  handle  \»  depressed  nntil  the  blade  lies  parallel  with  tbe 
plane  of  the  iris.  The  lance-knife  ia  next  pashed  forward  until  the 
wound  in  of  the  desired  length  (foar  lo  eight  millimetres,  according  to 
the  bnta<Uti  of  the  [>ortion  of  the  iris  that  it  is  proposed  to  cut  oat) ;  in 
doing  this  the  lance-knife  mast  be  so  held  that  the  section  is  concentric 
with  the  margin  of  the  cornea.  The  withdrawal  of  the  lance  is  per- 
fomifd  «lowly,  nnd  with  the  Instrument  pressed  against  tbe  posterior 
siirfiM.'e  of  the  cornea,  f»o  as  not  to  injure  tbe  iris  or  lena,  which  pnsh  for- 
ward m  the  aqueous  flows  off.  After  completing  the  section,  tbe  iris- 
foroopH  with  its  branches  closed  is  introduced  into  tbe  anterior  cbani- 
Iwr  and  pushod  on  up  to  the  border  of  the  pupil.  At  this  point  the 
branclic»  arc  allowed  to  separate  and  u  fuld  of  the  iris  is  grasped,  gentl« 
prcHHuro  hf  jug  at  the  same  time  mado  upon  the  latter.  The  iris  is  now 
dmwn  from  the  M-ound,  and  at  the  moment  when  it  is  most  npon  the 
stretch  it  is  cut  off  close  to  th«  wound  with  the  curved  scissors  or  with 
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the  Bcissore-forceps  (pinces-ciseaui  of  De  "Wecker).  The  operation 
then  is  done,  and  it  onlv  remains  by  introducing  a  epatiila  iuto  the 
wound  to  put  back  into  thß  anterior  chamber  nnv  iris  that  tnav  have 
been  wedged  into  the  wound,  so  that  at  the  completion  of  the  opera- 
tion the  pupil  ftnd  the  coloboma  have  their  proper  shape. 

The  indicafionft  for  iridectomy  are  ; 

1.  The  prese/ire  of  oph'ral  obstnirfhns.  These  consist  in  opaci- 
ties of  the  refrnctivo  media,  occupying  the  area  of  the  pupil.  Among 
those  belong:  (a)  opacities  of  the  cornea ;  (*)  amembrnnein  the  pupil 
(occlusio  pupillffi)  i  (c)  opacities  of  the  lens,  such  as  lamellar  cataract, 
nuclear  cataract,  or  an  anterior  polar  cataract  of  particularly  large  di- 
ameter, and  lastly  shrunken  cataracts  which  do  not  extend  far  toward 
the  periphery;  (*/)  subluxation  of  the  leng  when  the  attempt  is  made 
to  place  the  pupil  in  front  of  the  part  that  contains  no  lens. 

For  any  good  to  be  gained  from  the  performance  of  uu  iridectomy 
for  Ofitical  purposes,  the  following  conditions  mu.st  be  present: 

{a)  The  opacity  must  be  so  dense  that  it  prevents  the  formation  of 
distinct  images  upon  the  retina,  and  doea  not  simply  interfere  with 
vision  by  giving  rise  to  dazzling.  In  the  latter  event  the  dazzling 
would  actually  be  increased  by  the  iridectomy.  A  mistake  that  we  fre- 
quently meet  with  is  that  of  making  an  iridectomy  when  there  are 
comparatively  sliglit  opacities  of  the  cornea;  by  such  an  operation  the 
sight  ia  made  worse  instead  of  better.  To  avoid  this  mistake  we  first 
make  an  accurate  determination  of  the  visual  acuity,  then  dilate  the 
pupil  with  atropine,  and  once  more  test  the  sight.  If  the  latter  then 
jiroves  U>  be  considerably  better  than  before  the  pupil  was  diiated,  iri- 
dectomy is  indicated  ;  otherwise  not. 

{b)  The  opacity  must  be  stationary.  In  the  case  of  opacities  of  the 
cornea  the  inflammatory  process  should  have  already  run  its  course  in 
opacities  of  the  lens;  it  must  be  stationary  forms  of  cataract  that  are  iu 
question.  Otherwise  we  run  the  risk  of  having  the  very  spot  become 
opaque  which  we  have  selected  for  making  the  artificial  pupil  in. 

{c)  The  parts  concerned  with  the  perception  of  tit/ht — the  retina  and 
optic  nerve — must  be  capable  of  performing  their  functions.  'J'his  fact 
ia  determined  by  testing  the  vision.  The  latter  must  correspond  ap- 
proximately to  the  amount  of  dioptric  obstruction  that  is  visible.  When 
the  opacity  is  so  dense  that  only  quantitative  vision  is  present,  the  latter 
ia  to  be  tested  with  acandle-flame.  Wo  darken  the  room  and  station 
ourselves  with  a  lighted  candle  opposite  the  patient.  Now%  by  alter- 
nately holding  the  hand  in  front  of  the  light  and  then  withdrawing  it, 
w©  test  whether  the  patient  can  tell  aright  the  change  from  light  to 
darkness.  We  first  make  this  test  near  by,  and  then  withdraw  farther 
and  farther  from  the  patient,  so  as  to  find  the  greatest  distance  at  which 
he  is  still  able  to  distingnish  between  the  Mlternation  of  light  and  dark- 
ness.    The  degree  of  direct  perception  of  light  is  thus  determined.     In 
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order  to  test  the  extent  of  the  visaal  field,  the  candle  is  gradually 
ried  from  one  side  of  the  patient  to  a  position  in  front  of  the  eye,  which 
alt  the  time  must  be  looking  strai^^ht  forward  ;  at  the  same  time  we  oeIc 
when  the  light  is  perceived  and  upon  what  side  it  is  situated.  In  thu 
way  the  limits  of  the  visual  field  in  every  direction  can  be  determinod. 

The  quantitative  perception  of  light  in  the  center  and  at  the  periph- 
ery ia  not  abrogated  by  even  the  deuBest  opacity.  If  the  retina  and 
optic  nerve  are  sound,  the  glimmer  of  the  candle  must  be  reco^ixed 
in  a  darkened  room  at  a  distance  of  at  least  six  metres,  and  it  sbould  also 
bo  seen  by  the  patient  on  all  sides  of  him  and  its  place  be  correctly 
given.  If  tiiis  is  not  the  case,  the  percipient  portions  of  the  eye  are  not 
normal.  Upon  the  degree  to  which  the  i>erception  of  light  is  retained 
will  dcjiend  the  question  whether  an  iridectomy  for  optical  purpoaes 
is  undorli»ki'n  at  all  or  not.  Tliese  remarks  regarding  the  perception 
of  light  hold  good,  moreover,  not  only  for  iridectomy,  but  also  for  all 
operations  undertaken  for  the  i-estoration  of  sight,  and  particularly  for 
the  operntinn  of  cataract. 

The  following  conditions  must  be  regarded  as  contra-indicatioHJg  to 
iridectomy  for  optical  purposes:  1.  Deficiency  or  total  absence  of  the 
perception  of  light.     2.  Strabismus  of  the  eye  which  is  affected  *ith 
the  opacity.     In  this  case,  even  if  the  operation  was  technically  a  per- 
fect success,  not  much  gain  in  sight  would  be  got,  owing  to  the  ambly- 
opia ex  anopsia  which  exists  in  such  eyes.     3.  Flattening  of  the  cornea. 
For,  where  apphmatio  corneae  has  developed,  it  is  always  a  sign  that 
there  iias  beon  in  conjunction  with  the  keratitis  an  irido-cyclitis,  which 
has  left  thick  membranous  exudates  behind  the  iris.     Hence,  oven  if 
we  actually  succeed  in  excising  the  iris,  a  free  aperture  is  not  produced, 
and  we  have  before  us  a  hull  of  exudation  which  it  is  impossible  to 
penetrate.    4.  Incarceration  of  the  iris  in  a  cicatrix  of  the  cornea,  the 
iris  being  atrophied  and  pushed  uj)  against  the  posterior  surface  of  the 
cornea.      In  this  case  iriileotutny  fails  beeiuiso  the  friable  iris  is  too 
firmly  agglutinated  to  the  cornea. 

A  cohhoiiut  which  is  miuU-  for  optical  purposes  must  be  so  fashioned 
as  to  cause  as  little  disturbance  from  dazzling  as  possible.  This  result 
is  secured  when  the  coloboma  is  narrow  and  does  not  reach  to  the 
margin  of  the  cornea  (0,  Fig.  105).  An  excision  extending  up  to  tlie 
root  of  the  iris  would  expose  the  margin  of  the  Ions  and  also  the  inter- 
space between  it  and  the  ciliury  processes,  and  thus  admit  a  great 
quantity  of  irregularly  refracted  rays  into  the  eye.  In  order  to  make  the 
coloboma  narrow  and  not  too  peripheral,  the  incision  must  be  short, 
and  lie  at  or  even  insidt-  of  \\\v  liiiibiis.  Those  cases  constitute  an  ex- 
ception to  this  rule,  in  which  only  the  most  exterior  marginal  portion  of 
the  cornea  has  remained  transparent,  so  that  the  iridectomy  must,  for 
obvious  reasons,  be  quite  pcrijihoral. 

Tiiat  spot  is  chosen  as  the  site  of  the  coloboma  at  which  the  media 
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are  the  most  transparent.  Wherever  possible,  we  avoid  making  the 
coloboma  above,  as  in  that  case  it  would  be  partly  covered  by  the  lid. 
If  the  media  are  evorj'where  equally  transparent  (as  when  there  is  a 
cicatrix  sitiiatinl  exactly  in  the  center  of  the  cornea,  a  pupillary  mem- 
braiio,  or  a  perinuclear  cataract),  the  iridectomy  is  j^erformed  down- 
ward and  inward  (Fig.  165),  because  in  most  eyes  the  visual  axis  cuts 
the  cornea  a  little  to  the  inner  side  of  the  apex. 

157.  (Other  indications  for  iridectomy  are  :]  2.  Increase  of  tension. 
Iridectomy  is  hence  indicated  in  primary  glaucoma,  and  also  in  second- 
ary glaucoma  resulting  from  ectasias  of  the  cornea  or  solera,  from  se- 
cUisio  pnpilla%  from  irido-chorioiditis,  etc.  In  ha-morrhagic  glaucoma 
iridectomy  is  often  a  failure.  In  general,  the  success  of  the  operation 
is  better  the  earlier  it  is  performed.  Nevertheless,  an  operation  is  some- 
times done  in  cases  of  increased  tension  even  when  the  perception  of 
light  ha.s  been  already  abolished,  in  which  ease  tliere  can  be  no  idea  of 
restoring  sight.  Then  it  is  simply  a  etise  of  relieving  puiu  or  of  avoid- 
ing furtlier  degeneration  (and  especially  further  ectasis)  of  the  eyeball. 

When  iridectomy  is  made  for  iiicrease  of  tension,  the  coloboma,  in 
contradistinction  to  an  iridectomy  made  for  optical  purposes,  must  bo 
brond  and  must  extend  to  the  ciliary  margin  of  tlie  iris,  ilenee  the 
section  must  be  situated  as  far  back  its  possible  in  the  sclera  and  must 
be  made  «juite  long  (Z),  Fig.  1G5).  If  there  are  not  at  the  same  time 
any  optical  conditions,  to  which  regard  mu.*!t  be  paid  in  making  the 
iridectoiii)',  the  latter  must  be  directetl  upwurd  so  that  the  colohoma 
may  be  partially  covered  by  the  upper  lid,  and  thus  the  confusion  due 
to  dazzling  be  lessened. 

3.  E<iti/ic  cicatricea  of  the  cornea  (partial  staphylomata),  in  order 
to  cause  their  flattening.  This  is  the  more  apt  to  succeed,  the  more 
recent  and  the  thinner  walled  the  staphyloma  is — that  is,  the  closer 
akin  it  is  to  a  prolapse  of  the  iris. 

4.  Rfnirrent  iritis,  in  which  cjise  the  irideriomy  is  designed  to  pre- 
vent the  recurrences — an  object,  however,  which  is  not  always  attained. 
The  operation  is  to  be  done  during  an  interval  in  which  there  is  no  in- 
flammation. 

5.  Finfuh  of  the  cornea.  Iridectomy  here  serves  the  purpose  of 
securing  the  formation  of  a  firm  cicatrix.  We  must  wait  to  perform 
the  operation  until  at  least  some  tmce  of  the  anterior  chamber  has 
been  restored,  as  otherwise  the  operation  is  impra<'ticable  on  tcehnical 
grounds. 

Ü.  Foreign  bodies  imbedded  in  the  iris,  which  sometimes  can  only 
be  removed  by  excising  the  portion  of  iris  in  which  they  occur.  The 
like  is  true  of  cysts  anil  small  tumors  of  the  iris. 

7.  As  a  preliuiiniirij  to  the  operation  for  cataract.  Iridectomy  is 
dor»e  under  these  circumstances :  {a)  When  we  are  dealing  with  com- 
plicated cataracts  (e.  g.,  those  comjdicated  with  posterior  synechia?,  in- 
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he  tells  its  plficc  wronjj.  He  says  every  time,  for  instance,  that  it  is  on  th« 
right  lutnd,  oven  when  it  in  held  in  some  quite  diflerent  spot.  This  circumstance 
is  iiccountcd  for  us  follows:  When  an  eye  with  trünsjMireiit  media  is  tested  with 
a  candle-flame  in  a  ditrk  ruuni,  there  i»  funned  upon  the  retina,  at  a  jKiint  oppo- 
site to  the  tianie,  nu  itnii^e  of  the  latter,  w  hile  the  rest  of  the  retina  i»  not  ilhimi- 
nati'd  und  ha«  a  seUHUtiitn  fif  darkßes!«.  If  that  ])art  of  the  retiiiM  which  i>i  silu- 
atetl  dirci.'tiy  opposite  the  liglit  were  insenwitive,  no  liglit  would  be  seeu  at  all. 
The  Ciun:  is  different  with  an  eye  wtiose  media  are  cloudy.  In  this  th«  rays 
eumnuting  from  the  light  are  so  diEi]>ersed  by  the  cloudy  luedia  that  the  whole 
retina  is  illuminated  no  matter  where  the  light  is  placed.  To  be  sure,  the  il- 
lumination of  the  retina  is  not  perfectly  uniform.  There  are  always  more  rayB 
falling  upon  that  part  <*f  the  retina  which  lie«  opposite  the  light  Ihnn  u[ion  the 
other  ri'gion.x  of  the  retiua,  and  thu.s  the  fiattent  is  uhh  to  tell  where  the  li^^ht 
is;  hut  he  would  also  sec  the  light  if  the  portion  of  the  retina  lying  opposite 
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the  latter  were  insensitive,  since  the  rest  of  the  retina  likewise  receives  light 
upon  it.  Let  us  assume  that  the  whole  retina  has  become  insensitive  with  the 
exception  of  a  nglun  situated  on  the  temporal  side.  This  latter  region,  no  mat- 
ter where  the  light  may  be,  will  receive  diffuse<l  light  and  will  perceive  it,  too. 
The  patient  will  locate  the  source  of  this  sensation  in  the  portion  of  the  external 
world  lying  ojipwitc  to  this  region  of  the  retina,  and  will  therefore  believe  al- 
ways that  what  he  sees  is  on  his  nasal  side.  Hence  the  mere  statement  that  a 
light  i.i  seen  is  not  sufficient  proof  of  the  possession  of  functional  capacity  by  all 
parts  (vf  the  retinu.  For  this  it  i«  requisite  that  the  situation  of  the  light  be  told 
correctly  every  time. 

How  must  a  man  adjust  his  eye  in  order  to  sec  with  an  excentricalty  situ- 
ated pupil?  Let  us  assume  that  the  eye  is  affected  with  a  central  cicatrix  of 
tlie  cornea  (n.  Fig.  1071',  so  that  it  can  see  only  with  the  jwsistanre  of  a  colo- 
boma  which  hius  bcM-n  made  Uf>ward.  Mtist  this  eye,  in  order  to  fix  an  object,  o, 
be  turned  downwunl  so  that  the  coloboma  may  lie  ojiposite  the  object  f  By  no 
means.     The  rcfntction  of  the  rays  in  such  an  eye  takes  place  in  precisely  the 
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rhn  tfae 
•f  tfae  kk,  m  iBonairtiaB  off  the  im  by  th« 
lofftkeeanca^ete.  1m  thgm  eamm  the  imaet-kaUe 
cm  be  yihrfi  fonravd  bat  •  Bnie  djufaoe.  as  othuwite  «e  «hoald  get  it»f^  the 
iris  or  the  lea«-  We  «Ht  thea  widen  tbe  sectk»  to  tbe  proper  len|^  bj 
MikiB^  •  btetd  mt  «iüi  the  liaee  whBe  withdtawng  it  Cmn  the  wound,  b 
«wh  CMBi  we  BuiT  abo  ose  a  Gnefe  kaifc  for  UMki»g  the  aectiua,  but  onlj 
vhea  we  have  cmw  to  da  thai  it  aft  the  npfier  or  lower  wmrpn  of  the  oonKaL 
We  oaa  aaft  aake  vcrtieal  wctioM  with  a  Gtaefe  knife,  becaaae  we  are  then  pce- 
VMtad  bjr  the  i— ifc'ni  af  the  orbit  ben  CHTring  the  knife  where  it  ehoald  go. 

Ibe  wMiT'  «bkh  aajr  occar  in  the  eowrw  of  aa  iridectomy  are :  1.  Injnj 
of  the  iris  or  kt»  with  tbe  taacc,  either  throogh  the  domnaeai  of  the  opemtor 
or  thioi^  the  leMleaaness  of  the  patient.     Injurr  done  to  tbe  leiis-€ap»ule  eo- 

'  teilt  A  tosaaMtie  entanet,  which  not  only  prodaoes  a  new  obstacle  to  rision  bat 
n  MdH^en  the  eye  by  giving  me  to  inflammation  or  increaoe  of  teiMMii. 

'H.  blAodia|jaa&.  By  this  tbe  exdsioii  of  the  iris  i»  rendered  diffimlt,  great 
bK*dia|t  it  set  «p,  and  ofteo,  too.  a  double  pupil  is  pmdacvd  (see  page  SOI). 
3;,  Ibe  laat-aatned  result  mar  also  occur  from  the  fact  that  the  9]>hitict4fr  ptqulbe 
at  the  site  of  the  iridectomy  is  left  behind,  »o  that  it  separatea  the  pupil  from 
tbe  coloboms  like  a  bridge.  This  accident  occunt  either  becanee  the  mnrgin  of 
the  pupil  15  firmly  adherent  to  the  len»-capsole,  so  that  it  doe«  not  follow  the 
ivst  of  the  iris  when  the  Utter  is  drawn  out,  or  because  the  iris  is  excised  before 
it  has  been  dniwn  far  enough  out  of  the  wound.  We  shall  not  have  to  cook- 
l\laia  of  this  diaigreeable  occurrence  if  we  obserre  the  two  following:  rules :  The 
flnt  is,  «»«*  **>  B***!*  ^^^  *"*  '"^'^  ^^^  forceps  until  we  hare  pushed  the  instru- 
iBcnt  forward  aa  fiir  aa  the  margin  of  the  pupil,  so  ns  to  get  this  Utt«r  be- 
tv^eo  its  branches.  The  second  nile  i<>.  to  cut  off  the  iris  only  when  it  haa 
Wen  dmwn  out  far  enough  for  its  black  posterior  surface  to  be  visible.  If, 
howeTcr.  the  sphincter  should  remain  behind,  we  enter  the  anterior  chamber 
tg%xn  with  a  blunt  hook  and  dmw  up  tbe  bridge  of  sphincter  In  order  to  cut 
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it  off.  4.  When  we  operate  in  a  ca«e  of  total  posterior  synechia  it  often  hap- 
peas  that  tlin  retinal  pigment  of  the  iris  within  the  area  of  the  coloboma  remains 
upon  (hi-  lf.iis-e.nwtilf,  with  which  it  is  intimately  united  by  exudatiun.  In  that 
case,  immediately  after  the  iridectomy  is  compU-ted,  we  may  suppose  that  we 
have  made  a  fine  blark  eololionin,  and  it  is  only  upon  lateral  ilhunination  that 
we  become  convinced  that  the  coloboma  is  not  black,  but  dark  hrowTi — i.  e.,  is 
filled  with  pigment.  Ttie  optical  result  of  the  opemtion  is  then  nil.  It  hap- 
pens not  less  frequently  in  total  posterior  synechia  that  it  is  absolutely  impos- 
sible to  bring  the  iris  out  of  the  wound  for  the  purpose  of  cutting  it  off.  The 
iris,  on  the  one  hand,  is  bo  rotten,  and,  on  the  other  hand,  is  so  tirmly  attached 
to  the  lens,  that  the  forceps,  instead  of  drawing  the  iris»  out.  only  tears  small 
fragment»  out  of  it.  Both  in  this  case  and  in  the  one  in  which  the  pigroent- 
laycr  remain»  («fliind.  there  is  nothing  left  to  do  but  to  remove  the  leua  also; 
hence  we  follow  our  iridectonjy  hy  an  extraction  of  the  leua  by  Wenzel's  method 
(%  182).  Ö.  Prolapse  of  the  vitreous  is  particularly  ajjt  to  occur  tn  iridectomy 
when  the  zonula  is  diseased,  as,  for  example,  in  subluxation  of  the  lens  or  in 
hydrophtbalmus. 

III.  Ikidotomy. 

158.  Iridotomy  consists  in  simply  dividing  the  iris  withoiit  excising 
a  piece  of  it,  and  in  tliis  respect  differs  from  iridectomy.  It  serves  the 
purpose  of  making  a  new  aperture  in  the  iris  when  the  pupil  is  closed 
and  of  thus  producing  a  new  pupil.  As  the  incision  in  the  iris  would 
also  «tfect  the  lens  which  lies  behind  it  and  would  thus  produce  trau- 
matic cataract,  tliis  operation  is  only  adapted  to  those  cases  in  which 
no  lens  i.s  present.  In  most  cases  the  operation  has  to  do  with  eyes 
which  have  been  operated  upon  for  catanict  but  which  have  lost  their 
eight  again  through  a  subsequent  irido-cyclitis.  In  thc^e  cases  the  iris 
is  united  with  the  e.xudation  membrane  and  with  the  secondary  cataract 
to  form  a  firm  diaphragm,  which  separates  the  cavity  of  the  chambers 
and  the  cavity  of  the  vitreous.  To  restore  Right  the  diaphragm  must 
be  perforated,  Thi.s  can  be  accomplished  hy  a  simple  incision,  if  this 
is  so  directed  as  to  divide  the  diaphragm  along  a  line  perpendicular  to 
that  of  greatest  tension ;  then  the  incision  gapes  from  retraction  of 
the  edges  of  the  wound  and  leaves  a  slit-like  pupil  (catVeye  pupil). 

The  o]ierat!on  may  be  performed  with — 

(a)  The  Graefe  knife.  This  is  plunged  through  the  cornea  and  the 
diaphragm,  and  the  latter  is  divided  in  a  direction  perpendicular  to 
that  of  greatest  tension.  This  metliod  is  only  applicabte  when  the 
diaphragm  is  not  too  thick.  If  the  hitter  was  the  case,  the  diaphragm 
would  offer  great  resistance  to  the  knife,  and  in  the  endeavor  to  divide 
it  the  ciliary  body  would  be  pulled  upon,  and  this  might  start  up  u  new 
attack  of  irido-cycliti.9. 

(h)  The  scissors-forceps  (pinces-ciseaux)  by  Dp  Weeker's  method. 
With  the  lance-knife  an  incision  is  made  along  the  margin  of  the  cor- 
nea, and  through  thta  the  scissors-forceps  is  introduced  dosed  into  the 
chamber.     Here  the  instrument  is  opened,  and  its  posterior  sharp 
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branch  is  plunged  through  the  diaphragm  while  tlie  anterior  bnsich 
remains  in  tlie  anterior  chamber;  then,  by  closing  the  scissors- forospe., 
the  diaphragm  is  divided  perpendicularly  to  the  direction  of  greatest  I 
tension.  This  is  a  severer  operation  than  the  former,  and  is  also  usu- 
ally associated  with,  loss  of  vitreous.  On  the  other  hand,  it  does  not 
cause  any  pulling,  as  in  it  the  diaphragm  is  divi^pd  just  as  a  sheet  of 
paper  is  cut  in  two  by  a  pair  of  scisßors. 

Iridotomy  often  fails  of  accomplishment  owing  to  the  too  great 
firmness  of  the  diaphragm,  wliich  may  actually  be  ossified  ;  but  even 
an  excellent  immediate  result  may  be  nuHitied  because  the  old  irido- 
cyclitis is  lighted  up  again  by  the  operation,  and  the  pupil  which  has 
been  made  is  closed  again  by  a  renewal  of  the  exudation.  Hence  we 
put  off  the  performance  of  iridotomy  as  long  as  possible  until  all  iu- 
flammatory  symptoms  have  disappeared,  unless  we  are  compelled  to| 
operate  speedily  by  special  circumstances,  such  as  protrusion  of  the  iria, 
increase  of  tension,  or  beginning  atrophy  of  the  eyeball. 


IV.  Discissio  Cataracta«. 

{a)  Discission  of  So/i  Cataract«. 

159.  Discission*  of  soft  cataracts  has  for  its  object  the  opening  of 
the  anterior  capsule  of  the  lens  in  order  to  effect  the  resorption  of  the 
latter.  Discission  is  performed  with  the  discission- needle,  which  is 
passed  in  through  the  cornea  (kcratony.\is  f ).  The  site  of  the  puncture 
is  the  center  of  the  lower  and  outer  quadrant  of  the  cornea,  at  which 
spot  the  needle  is  passed  through  the  cornea  and  perpendicular  to  the 
latter,  and  is  theu  pushed  forward  in  tlie  anterior  chamber  as  far  as 
the  antei'ior  capsule  of  the  lens.  The  latter  is  theu  laid  open  bj  one 
or  more  incisions  in  the  area  of  the  pupil  (which  has  previously  been 
dilated  with  atropine).  The  needle  must  be  handlet!  very  lightlv,  no 
pressure  being  made  with  it,  but  simply  sweeping  movements;  mor^ 
over,  the  incisions  should  not  penetrate  deep  into  the  lens.  The  needle 
is  then  withdrawn  from  the  eyeball,  this  being  done  quickly  so  that  the 
aqueous  may  not  escape. 

After  the  operation  the  aqueous  enters  the  lens  through  the  wound 
in  the  capsule,  and  the  lens  swells  up  and  is  gradually  absorbed  in  the 
manner  described  at  length  under  the  head  of  traumatic  cataract  (see 
page  382).  In  fact,  discission  is  nothing  but  an  imitation  of  the  kind 
of  injury  of  the  capsule  that  accident  so  frequently  jiroduces. 

Discission  is  adapted  for  all  soft  cataracts — i.  e.,  for  those  which  are 
capable  of  complete  resorption  because  they  have  as  yet  no  hard  nu- 
cleus.   This  is  the  case  in  children  and  young  persons.    After  the  age 
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of  twenty-five,  when  there  is  already  a  hard  nucleus  present,  discission 
is  no  longer  indicatetl.  Dii^oission  may  ftlso  be  made  in  unripe  cataracts 
— i.  e.,  in  those  which  still  contain  transyjarent  portions  of  lens-sub- 
stance— since  these  become  opaque  under  the  influence  of  the  aqueous. 
PeriiiHclpftr  cataract  affords  the  most  froqnent  indication  for  discission. 

The  main  advantage  of  discission  consists  in  the  freedom  from  dan- 
ger of  the  operation  itself  and  in  the  simplicity  of  the  after-treatment. 
Since  the  small  puncture  iu  the  cornea  closes  again  directly,  tlie  patient 
is  able  to  leave  his  bed  as  early  as  a  few  hours  after  the  operation  and 
to  go  about  witlioiit  a  bandage.  If  the  course  is  favorable,  no  further 
treatment  is  required  than  to  keep  the  pu]nl  dilated  with  atropine  until 
the  resorption  of  tiio  lens  is  complete.  Di.scission,  therefore,  is  the  only 
cataract-operation  which  can  be  employed  with  very  small  children  who 
do  not  keep  quiet  after  the  operation. 

The  time  required  for  complete  resorption  of  the  lens  amounts  to 
at  most  a  few  months.  In  the  course  of  this  time  various  accident« 
may  occur  necessitating  interference  ou  the  part  of  the  physician. 
These  are  sometimes  produced  by  the  fact  that  the  process  of  swelling 
takes  place  witli  too  great  violence;  sometimes,  on  the  contrary,  by  the 
fact  that  the  swelling  and  absorption  of  the  lens  are  bronght  to  a 
standstill. 

The  viohnt  swelling  of  the  lens  may  l>e  caused  by  too  extensive  a 
splitting  of  the  capsule,  owing  to  which  the  lens  is  exposed  to  the  action 
of  the  aqueous  over  an  excessively  large  area.  In  other  cases,  again, 
there  exists  in  the  lena  a  peculiar  tendency  to  swell,  wliich  makes 
itsotf  a]q)arent  even  witli  small  incisiuna  of  the  ra]>si)le.  A«  one  can 
not  form  iu  advance  a  judgment  of  the  tendency  thai  the  lens  has  for 
becoming  tumefied,  it  is  advisable  at  the  tirst  discission  to  make  only  a 
short  and  shallow  section.  The  results  of  a  rapid  swelling  of  the  lens 
may  be  either  increase  of  t-cnsion  or  irido-cyclifis.  The  fnrnier  mani- 
fests itself  by  the  dull  appearance  of  the  cornea,  by  an  increase  of  ten- 
siun  perceptiblo  to  palpation,  and  by  the  contraction  of  the  field  of 
vision  ;  and  these  symptoms,  if  they  were  allowed  to  persist,  would  lead 
to  Hrnnurosis  due  to  excavation  of  the  optic  nerve.  The  iritis  is  caused 
either  by  the  mechanical  injury  (pressure)  or  the  chemical  irritation 
which  the  swelling  masses  of  lens-substance  produce  in  the  iris.  Both 
increase  of  tension  and  iritis  are  particularly  to  be  apprehended  in 
elderly  persons,  because  these  bear  swelling  of  the  lens  worse  than 
others  do.  To  avoid  these  accidents  the  pupil  must  be  kept  well  dilated 
with  atropine,  so  that  the  swelling  masses  of  lens-substance  may  come 
into  contact  with  the  iris  as  little  as  possible.  PiXcessive  swelling  is 
nn)st  elTcctually  combated  by  ifed  compresses,  which,  moreover,  have 
an  antiphlogistic  action.  If  in  spite  of  this  treatment  increase  of  ten- 
sion sets  in,  paracentesis  must  be  made,  and,  if  necessar}',  be  repeated 
several  times.  We  may  also  make  a  pretty  large  incision  in  the  cornea» 
44 
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IM  IB  done  for  simple  linear  extraction  (§  161),  and,  as  far  as  mar  be, 
OTaconte  the  eweliing  masses  of  lens-«nl»tance  through  it. 

In  opposition  to  the  cases  just  mentioned,  there  are  others  in  which 
from  the  outset  the  processes  of  swelling  and  re«ori>  '  the  leu 

take  place  to  an  insnßicient  degree.  In  this  erent  we  m  '  n  doüisif 
with  the  kind  of  lenses  which  are  especially  apt  to  occur  in  aged  per- 
•008,  and  which  are  capable  of  swelling  but  little.  In  other  casM 
ererTthing  got^^  well  at  Ürgt,  but  after  a  part  of  the  lens  has  heea  a^ 
Horbed  the  swelling  and  reäorptinn  come  to  a  standstill.  The  eaoie  of 
this  commonly  Wes  in  a  union  of  the  capsular  wound,  which  takes  plm 
to  such  an  extent  that  the  aqueous  no  longt-r  comes  into  contact  with 
the  lens-fibers.     In  either  case  the  indication  is  to  n."|H.'at  •  -ioa» 

in  doing  which  one  may  proceed  more  boldly  than  in  the  ti:-  -sioa 

and  make  an  extensire  opening  in  the  capsale.  It  sometimes  hsppetii 
that  the  whole  chamber  is  full  of  swollen  fragments  of  leiia,  the  resorp- 
tion of  which  shows  no  disposition  to  advance.  We  may  then,  follovhqg 
Wemeck's  method,  evacuate  the  aqueous  through  a  puncture  in  ibi 
cornea,  so  that  the  aqueous  is  renewed ;  whereupon  absorption  again 
goes  on.  It  frequently  happens  that  to  obtain  a  complete  cure  of  a 
cataract  by  means  of  discission  two  or  three  operations  are  required. 

Discission  is  contra-indictUed — I.  In  eldurly  persons  whose  leoKS 
already  have  a  nucleus,  and  whose  eyes,  moreover,  do  not  bear  well  the 
swelling  of  the  lens.  2.  In  subluxation  of  the  lens,  a  condition  which 
is  recognized  by  the  tremulousue^s  of  the  latter.  In  this  caae  disciseion 
is  impracticable  on  technical  grounds,  since  the  lens  bein^  iusoffi- 
ciently  fixed  in  its  place  would  recede  before  the  discission-ncedie-.  3- 
When  tliere  is  considerable  thickening  of  the  cjipsule  of  the  lens,  as  io 
this  cuso  the  discis!3ion'needlo  wuuld  cause  luxation  of  the  lens  l>efore 
it  coidd  tear  through  the  capsnle.  4.  In  the  presence  of  posterior  st- 
iiwhite,  which  render  the  dilatation  of  the  pupil  by  atropine  impossible. 
In  such  a  case  an  iridectomy  would  have  to  precede  the  discission. 

{h)  Diiiciftsion  of  Membranous  Cataracts  {Dilaceraiion'). 

160,  The  discission  of  nicmbranoua  cataracts  is  not  made  with 
view  of  ofTcctiiig  their  resorption,  since  shrunken  cataracts  no  loni 
contain  much  or  any  matter  capable  of  being  absorbed.  On  the  oon- 
trai'Vi  their  object  is  to  make  a  free  opening  in  the  cataractous  mem- 
brane by  tearing  it  apart,  and  for  this  reason  it  luul  better  ho  called 
dilttcoratio  cataractae.*  The  operatit)n  may  be  performed  either 
through  the  cornea  or  through  the  sclera. 

•  fThi«  nnn»««,  however,  is  scarcely  applicnble  to  ihe  operftlion  »s  p«>rforfn«id  io 
«jvcnil  plHfca  i»  Ifiis  I'nuritry,  and  nolalily  at  the  Ni>w  York  (>|ih<hnl»üe  and  Aural 
Inxlititto.  Ill  this  the  cataroctous  iiiomhrnne  is  not  torn  but  out.  tlio  «liA^issjoo- 
ne4?<l1c  iK-ing  ir-plnc«!  by  a  knife-netMlI(».  or  a  necdlo  with  a  short,  and  n»rjr  Aoe  tatd 
abarp  cutting  e.lgp  ut  its  extremity.— D.] 
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In  the  operation  through  the  cornea  (keratonyxis)  the  puncture  is 
nifuJc  ill  the  center  of  the  miter  and  lower  qrmdrant  i»f  tlie  cornea,  as 
in  the  discission  of  a  soft  ciitaract.  The  needle  is  then  ])ushed  forward 
and  plunged  through  the  cataract,  and  then  the  attempt  is  made  by 
meuns  uE  sweeping  movements  to  tear  the  cataract  in  all  directions,  so 
that  as  large  a  gap  as  possible  may  be  formed  in  it. 

In  the  operation  through  the  sclera  (scleronyxis  *)  the  needle  is 
plunged  in  perpendicularly  through  the  sclera,  six  millimetres  behind 
the  external  margin  of  the  cornea,  and  somewliat  below  the  horizontal 
meridian,  and  is  then  pushod  forward  so  that  its  point  passes  tfiroiigh 
the  cataractous  membrane  into  the  anterior  chamber  close  to  the  ex- 
ternal margin  of  the  pupil.  Then  the  attempt  is  made  to  tear  tho 
cataract  to  llio  greatest  possible  extent  by  means  of  sweeping  move- 
ments in  which  the  point  of  the  needle  tmvels  from  before  backward. 
The  difference  between  discission  through  the  cornea  and  that  through 
the  sclera  consists  in  the  possibility  of  exertirvg  in  the  latti-r  nietluKl  a 
greater  force  npou  tho  cataract  with  the  needle — a  thing  whieli  is  espe- 
cially desirable  when  the  cataractons  membranes  are  rather  thick. 

Discission  is  adapted  for  a!!  membranous  cataracts,  provided  they 
are  not  too  thick,  and  that  there  are  no  extensive  adhesions  of  the  cat- 
aract to  the  iris.  Discission  is  frequently  done  as  a  secondary  opera- 
tion after  tho  extraction  of  cataract  to  remove  a  secondary  cataract. 

The  discission  of  soft  cataract  is  a  sure  but  slow  procedure  for  its  removal. 
M  we  dcsiire  to  jj[et  at  the  same  result  «juickly,  we  may  |nirsiio  the  following 
course:  We  perform  a  very  extensive  discission  through  the  cornea,  so  that 
within  a  few  days  tho  whole  lens  is  swollen  up  and  disintegrated.  Tlien  we  re- 
move the  brokcn-up  masses  of  lens-sulistanee  by  meann  of  a  simple  linear  ex- 
traction. We  may  al?<o  intriMhice  the  cannula  of  a  syringe  into  the  anterior 
chnmlMT  thr(rtij.'h  mi  incision  in  tht'  cornea,  and  by  drawing  up  tlie  piston  suck 
out  tile  friigments  of  tlic  lens.  This  procedure,  which  is  es[H'ciailj  employed  in 
England,  is  eiilled  miction  of  rudtroct. 

In  soft,  non-shnmken  cataracts,  which  it  is  designed  to  aubjpct  to  the  pro- 
cesses of  swelling  and  resorption,  one  should  not  make  discission  through  the 
sclera,  for  in  that  case,  in  order  to  split  the  nnterinr  capsule,  we  would  have  to 
pass  the  needle  through  tlie  entire  lens  and  Itn-nk  the  latter  all  to  pieces — a  pro- 
cedure which,  apart  from  the  fact  tliat  we  might  easily  luxate  the  whole  lens  in 
doing  it.  would  give  ri.He  to  excessive  and  violent  swelling.  Hence,  scteronyxis 
Is  adapted  only  to  those  cases  in  wtiich  there  are  but  few,  if  any,  portions  of  the 
lens  k'ft  whioh  are  able  to  swell  up. 

Dilaceration  of  a  membranous  cataract  is  an  operation  productive  of  but 
little  disturbance  as  long  as  there  are  no  adhesions  bc*tween  the  cataract  and  the 
iris.  Ill  the  latter  case  there  is  danger  of  undue  traction  Iwing  made  upon  the  iris, 
with  consefpicnt  irido-cyelitis.  Simple  discission  should  be  made  only  wlien  the 
catjxfrtctous  membrnne  is  thin  enough  to  be  torn  ajtart  without  Itcing  jmlled  upon. 
In  the  case  of  rather  thicker  membranes  the  oiieration  can  be  done  according  to 


•  [Prom  sclera,  and  *irrtw.  to  puncture.] 
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ducetl  through  the  section,  and  with  these  instruments  the  cataractous 
inembnme  is  gnispt'd  and  drawn  out  through  the  wound. 

The  advantngee  of  sinfjjle  linear  extraction  consist  in  the  fact  that 
tlie  section  is  short  and  passes  through  tlie  cornea  obliquely,  for  which 
reason  it  doses  readily,  does  not  neces«ilate  an  iridectomy,  and  does  not 
require  any  very  strict  after-treatment.  But  owing  to  this  very  fad 
that  the  section  is  so  short,  tliis  method  is  adapted  only  to  membranous 
or  to  soft  cataracts — i.  e.,  to  those  that  have  no  hard  nucleus,  since  tlie 
latter  could  only  be  removed  through  such  a  wound  with  difticnlty,  or 
could  not  be  removed  at  all. 

{h)  Flap-ezi ruction. 

162.  This  npemtion  hiu«  a  curved  section  of  an  extent  requisite  for 
the  removal  of  hirge,  hard  cataracts.  The  section  may  be  made  either 
in  tlie  sclera  or  in  the  cornea. 

1.  Scleral  FUtp-extraetion. — This  consists  of  four  steps: 

/'«'/>■/  step :  Performance   of  the  section.     This  is  done  with  the 

firaefe  linear  knife,  which  is  entered  near  the  npper  and  outer  border, 

and  is  brought  out  jkguin  near  the  upper  and  inner  horder  of  the  cornea 

(Fig.  1Ü8J.    The  points  of  entry  and  exit  are  situated  in  the  sclera,  at 


Si 


Fie.  IW.— SCLXRAL  Flap-kztiuctior,  drawn  nioir  a  Cask  vk>v  wnicn  tb«  Opkratiox  had 

mccH  PEnroiuiKU.    MAiiNificD  i  x  1. 
8,  S„  8cl<*ral  inclston  situate  thrnufchout  at  a  ill.Ktanci'  of  half  a  millimetre  fmin  the  border  of 
tlw  cMirnea  ;  o.  a,,  the  anKtcs  of  the  iiphiucter  in  tht'lr  proper  pcwitiun.    Krotn  theln  the  pU- 
larH  fif  itie  culoboma  run  up«  aril,  coaverging  suniewhat  ok  they  gv. 


a  distance  of  about  half  a  millimetre  from  the  margin  of  the  cornea, 
and  should  lie  so  that  a  straight  line  connecting  them  corresponds  to 
the  dividing  line  between  the  upper  fonrth  and  the  lower  three  fourths 
of  the  cornea.  The  knife  is  introduced  at  the  point  of  entry,  S,  in  such 
a  way  that  the  cutting  edge  looks  upward,  and  the  point  is  directed 
tfjward  the  center  of  the  cornea.  As  soon  as  the  point  has  passed  this 
latter,  it  is  raised  by  depressing  the  handle  until  it  arrives  at  the  site 
of  the  counter-puncture  iV,,  behind  the  upper  and  inner  margin  of  the 
cornea.  The  t'ou titer- puncture  should  lie  exactly  ojipositc  the  site  of  the 
puncture.  After  the  tnmstixion  has  been  made,  the  section  is  completed 
by  sawing  cuts,  so  that  through  its  whole  extent  it  divides  the  sclera  just 
beliind  the  limbns.  As  soon  as  the  knife  has  cut  through  the  sclera, 
and  lies  beneath  the  conjunctiva,  it  is  carried  rapidly  upward  so  as  to 
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cut  through  the  ooTijuiictiva  somtnvhat  farther  back.      In   tliia  vaj  • 
conjuuctival  flap  is  {orriied  about  two  uiilliujetres  broad. 

Second  step:  Iriilfictomtf.  After  thts  conjunctival  flap  baa  been 
turnet]  down  upon  the  cornoa,  so  that  the  wound  may  be  e:c posed  to 
view,  the  hitter  is  entered  with  the  iris-forceps,  the  iris  is  grasped  do«a 
to  the  pupillary  margin,  drawn  out,  and  cut  off  with  a  siuglo  sirwp  i 
the  scissors. 

Third  step:  Opening  of  the  cnpsule.    This  is  performed  with 
capsule-forceps,  the  delicate  teeth  of  which  are  directed  backward  (For 
ter,  Schwcigger),    The  forceps,  closed,  is  introduced  atid  pasaed  on 
the  anterior  chamber  until  the  center  of  the  pupil  has  been  reached. , 
Here  the  forceps  are  allowed  to  open,  and  by  the  exertion  of  light  press- 
ure the  capsule  is  gmsped  over  as  large  an  extent  us  possible,  and  la 
drawn  out  of  the  wound. 

FoHiih  fifep :  Erpuhion  of  Ihf.  lens.  The  Daviel's  scoop  is  plac^dl 
parallel  to  the  wound  against  the  lowermost  part  of  the  cornea,  and' 
light  pressure  is  exerted  with  it  upon  the  latter  upward  and  backwiird,] 
The  pressure  must  be  iuternuttod  the  instant  the  greatest  diuniulvr 
the  lens  lias  passed  through  the  wound. 

After  the-  operaiiou  is  finished,  ihe  *' toilet"  of  the  eye   is  next  iaj 
order.     The  portions  of  the  cataract  which  are  still  loft  in  the  eye,  an<i 
also  any  extravasated  blood,  are  removed  by  stroking  with   tho  lotr« 
lid,*  the  iris  is  replaced  from  the  wound  iuto  the  anterior  chamber  b' 
the  iutroductiuii  of  the  spatula,  until  the  pillars  of  tho  colobonna  hav« 
the  proper  position  (see  ]>age  ÜO*.*),  then  the  conjunctival  flap  is  atrokt 
out  smooth,  and  the  eye  is  bandaged. 

2.  Corneal  Fhip-extraclion  (De  Wecker,  Stellwag). — The   way  o( 
using  the  linear  knife  is  the  same  in  this  method  as  in  the  preceding^ 
the  ditTerenre  between  the  two  consisting  merely  in  the  length   of  the 
sectitm.     This  is  situated  throughout  in  the  limbus,  the  points  of  enli 
and  of  exit  {S  .V„  Fig.  IßO)  being  both  made  in  it.     The  heiglit  of  th« 
puncture  and  Cüimtur-jjuncture  must  be  so  selected  that  the  section  de-j 
tachos  exactly  the  upper  third  of  the  oonien  from  the  sclera.     Ucqc«,^ 
conjunctival  fla])  is  either  not  formed  at  all  or  is  formed  only  in  an  in- 
complete way.     The  other  steps  of  the  o|>eration  are  perfornie«J  as  ii 
scleral  flap-extraction,  with  the  exception  of  tho  iridectomy.     This  last 
may  cither  be  performed  in  the  manner  described  above  or  it  niav 
omitted.     In  the  latter  case  the  iris  must  be  carefully  replaced  after  th»| 
operation  is  finished,  and  then  esorine  must  be  instilled  in  onler  to] 
prevent  by  the  contraction  of  the  pupil  an}'  subsequent  prolapse  of  «ho 
iris. 

The  iiuHrntifin  for  the  performance  of  flap-extraction  is  furnitiu-M 
by  all  cataracts  whi<'h  have  a  hard  nucleus,  and  hence  are  not  adapted 


•  [Or  with  a  spntula.— D,] 
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either  for  discission  or  for  simplo  linear  extraction.  The  scctioa  is 
made  upward,  so  that  the  coloboma,  too,  may  be  situated  above  aud  bo 
covered  by  the  upper  lid.  The  section  performed  as  above  described  ia 
lutig  enough  Uit  tlio  largest-sized  cataracts.  If  we  have  a  cataract  to 
ojierato  upon  whose  nucleus  is  probably  small,  we  may  tnakt-  a  section 
of  correspondingly  smaller  size. 

The  di (Terence  between  the  two  methods  depends  upon  the  follow- 
ing fact ;  l\i  scleral  exi ruction  the  suctinu  uttinuitely  lies  beneath  the 
conjunctiva,  out  of  which  therefore  u  flap  can  be  formed.  After  the 
oj)eration  this  tlap  becomes  agglutinated  very  speedily  to  the  raw  sur- 


Fr«.  1(59— OoRXEAL  Flap-sxtractio!».    MAOvrriBD  2*1. 
S,  S|,  cornea.!  ««tion.  whJoU  every  »•lieiv  lies  lu  ihe  liiiibu').    Tlie  oixTuiiou  lias  tieen  |ierfomied 
without  irideelomy.  ami  the  punil  In  grvatly  eoiilracte«!  tw  ineaiiit  of  eneriDe.    A«  a  conse- 
i|utMH.-eof  iliiM  marked  miitsia.  tue  pupil  in  (tot  perfectly  circular,  but  somewhat  irreguUr, 
Bod  Che  fringe  of  pignieot  liulng  It  ana  become  brokder. 

face  upon  the  sclera,  and  closes  the  wound  externally  even  when  the 
edges  of  the  iucitiion  in  the  sclera  have  not  yet  united.  It  thus  protects 
the  wound  from  subsequent  infection,  for  which  reason  the  scleral 
method  affords  the  best  conditions  for  bealing. 

The  corneal  scctwn  is  destitute  of  the  advantage  of  a  conjunctival 
flap,  but  retains  the  possibility  of  prrforminif  the  operation  uufkout  iri- 
dvcfrntiif^  for,  as  this  section  is  less  pcriplicrally  »situated  ibaxi  that  in  the 
sclera,  it  is  less  apt  to  l>e  comiilicateil  with  prohvpse  of  the  iris.  The 
omission  of  iridectomy  has  the  advantage  of  keeping  the  patient's  pupil 
round  and  niohile,  but  it  also  entails  many  disadvniitages,  whicli  limit 
the  number  of  cases  in  which  extraction  without  iridectomy  is  indicated. 
Thus;  1.  The  delivery  of  the  lens  is  more  difficult  without  iridectomy, 
because  the  lens  has  to  be  expelled  through  the  narrow  pupil,  and  to 
accomplish  this  pretty  strong  pressure  is  required.  Ilenct-,  thi.s  method 
is  not  atlapted  to  those  cases  in  which  a  very  easy  delivery  of  the  lens 
is  desirable,  as,  for  instance,  in  cases  of  treniulousness  of  the  lens  in 
wliich  any  kind  of  strong  pressure  would  prrtduce  rupture  of  the  zonula 
and  hyaloid  membnine,  and  consequently  prolapse  of  the  iris.  2.  Ex- 
traction without  iridectomy  is  not  adapted  to  cjvses  in  which  there  is  a 
complicated  cataract  connected  with  the  iris  by  synechias.  3.  In  spite 
of  the  use  of  eserine,  prola|>Be  of  the  iris  may  t-ake  place  in  the  days 
following  the  operation.  In  this  case  we  are  obliged  to  make  a  second- 
ary excision  of  the  prolapsed  iris.  Accordingly,  extraction  without 
iiidecDomy  is  not  adai)ted  to  cases  which  show  u  great  tendency  toward 
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prolapse  of  the  iris,  nor  to  tliose  in  which  we  can  not  count  «jton  ihc 
patient's  remaining  quiet  after  the  operation.  Wc  may  therefore  aaj: 
Tho  corneal  flap-extraction  without  iridectomy  gives  under  faronbie 
circumstances  the  most  perfect  rcs'ult,  but  is  neither  a<la{)tctj  to  all  cafin 
nor  does  it  secure  the  same  almost  absolute  certainty  of  success  lu  til* 
scleral  flap-extraction  with  iridectomy. 

Under  special  circumätauces  flap-extraction  reqaircs  to  be  modified 
in  special  ways,  two  of  which  need  to  be  particularly  emphasised : 

1.  Extraction  nf  the  Lens  in  the  Closed  C«;»^«/^  (Pagen Stecher). 
Instead  of  opening  the  capsule  and  expelling  the  lens  from  it,  wo  ma; 
extract  the  lens  along  with  tine  capsule  and  without  opening  the  latter, 
For  this  purpose,  after  completing  the  section  and  excising  the  iri*. 
pass  a  special  form  of  scoop  behind  the  lens,  and,  at  the  &amo  titnt'1 
maintaining  pressure  upon  tlie  cornea,  lift  the  lens  out  of  ihe  ei«. 
This  operation  is  siiccessfuJ  only  when  the  capsule  is  thickencdf  since 
capsule  of  normal  thickness,  when  the  attempt  was  made  to  romore 
in  toto  with  the  lens,  would  rupture  every  time.  Hence,  this  method n 
adapted  only  to  cmes  of  hypcrmattiro  and  complicated  cataract«  in 
which  there  are  obvious  signs  of  thickening  of  the  capsule.  It  has  the 
advantage  that  the  entire  lens  is  certain  to  be  removed,  and  conse- 
quently that  no  material  for  an  after-cataract  can  be  left  behind  ;  but 
it  is  very  frequontly  associated  with  loss  of  vitreous,  since  the  scoop 
which  is  introduced  behind  the  Icua  ruptures  the  hyaloid  membnine  in 
tho  fossa  patcllaris. 

2.  Extraction  hy  WvnzeVs  Method. — This  is  designed  for  those  case« 
in  which  there  is  adhesion  of  tho  surface  of  tho  iris  to  the  lens  (total 
posterior  synechia).  A  curved  incision  directed  downward  is  made 
either  in  the  limbus  or  in  the  transparent  cornea.  This  is  so  managed 
that,  directly  after  the  puncture  is  made  in  the  cornea,  the  knife  ia 
passed  through  the  iris  and  carried  on  behind  the  latter — that  ia, 
through  the  Icus — to  the  opposite  side,  where  the  counter-puncture  is 
made.  If,  then,  the  section  is  completed,  there  is  formed  at  the  same 
time  with  the  incision  in  the  cornea  a  flap  composed  of  the  iris  and  tl>e 
anterior  capsule  of  the  tens.  This  flap  we  try  to  excise  over  as  great 
an  area  as  possible,  in  order  to  secure  a  large  aperture  in  the  iri»  and 
the  lens-cnpsulc.  Then  the  lens  is  delivere<l.  This  operation  is  in-lt- 
cated  when,  owing  to  the  presence  of  total  posterior  synechia,  iriil.-.-- 
tomy  can  no  longer  be  performed.  There  is  then,  in  fact,  no  wav  of 
making  an  open  pupil  except  to  remove  the  lens  along  with  the  'iria, 
OTon  though  the  former  is  still  transparent. 

Accidents  occurring^  in  the  Operation  for  Cataract.— The  extraction 
may  bo  made  ditlicnlt  or  fail  altogether,  owing  to  accidents  of  varioas 
nature.  Many  of  these  are  the  fault  of  the  operator.  If  the  section 
proves  to  be  too  short,  or  if  the  capsule  is  in.su fticiontly  opeuc<l,  the 
delivery  of  the  lens  is  dillicult  or  impossible.     In  this  case  the  s«H>tion 
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must  be  eulrtrgcd,  or  the  cajisule  must  be  again  ruptured,  and  this  time 
more  thoroughly.  If  the  operutor  exerts  too  strong  a  pressure  with  his 
itifitrunu'Tits  upon  the  eyehjiU  us  a  whole,  or  upon  the  iris  or  lens,  the 
zonula  ruptnrc'8  and  the  vitreous  gushes  out.  The  greater  the  opera- 
tor's skill  grows  with  practice,  the  less  fretjueütly  do  these  unlucky 
accidents  happen  to  hien.  Hut  there  are  other  accidents  which  are 
caused  by  the  al)iiormal  condition  of  the  eye  that  is  operated  ujKtn,  and 
in  that  case  it  geuenilly  does  not  lie  in  the  power  of  the  operator  to 
prevent  them.  The  most  frequent  of  these  accidents  is  prohps«  of  thf 
riiraous.  This  takes  place  when  the  zonula  rujitures.  Such  rupture 
not  infrequently  happens,  because  the  patient  screws  his  lids  tightly 
together  and  thus  presses  upon  the  eyeball.  It  also  occurs  when  tlie 
zonula  was  defective  before  the  operation,  and  hence  especially  in 
hyperniature  and  in  complicated  cataract.  The  eigniticance  of  pro- 
lai>8e  of  the  vitreous  for  the  subsequent  course  of  the  operation  varies 
according  as  it  takes  place  before  or  after  the  delivery  of  the  leiis.  In 
the  former  case  the  lens  can  not  be  evacuated  in  the  usual  manner  by 
pressure  exerted  upon  the  eye;  for  then  the  larger  part  of  the  vitreous 
would  escape  bi-fore  the  lens  itself  caiiie  away.  Hence,  the  lens  must 
be  drawn  out  of  the  eye  with  instruments — i.  e.,  extracted  in  the  true 
sense  of  the  word.  For  this  purpose  the  proper  instruments  are 
Weber's  loop  or  l{ei."5iuger's  double  hook,  which  are  introduced  behind 
the  lens  aiid  lift  it  out  by  force  of  traction. 

Prolapse  of  the  vitreous  is  much  less  to  be  dreaded  when  it  takes 
place  after  delivery  of  the  lens.  The  most  serious  harm  that  prolapse 
then  does  is  that  it  hiiulers  the  accurate  rejilanement  of  the  iris,  and 
also  that  the  prolujtscd  vitreous  lies  between  the  lij)s  of  the  wouiul  and 
prevents  their  accurate  coaptation.  The  vitreous  may  also  give  rise  to 
Buppuration  of  the  wound,  since  it  is  very  |>rone  to  become  infected. 

A  rare  but  unpleasant  accident  is  that  in  which  the  lens,  before  be- 
ing delivered,  becomes  btrafed,  and  disappears  into  the  vitreous  from 
which  ordinarily  it  can  nut  be  extracted. 

163.  Result  of  the  Cataract-extraction. — An  eye  whose  lens  has  been 
removed  is  aphukir.  It  presents  the  following  appearance  when  the 
operation  and  the  healing  of  the  wound  have  pursued  a  normal  course : 
The  cicatrix  left  by  the  operation,  if  situated  in  the  cornea,  appears  as  a 
narrow  gray  line;  if  the  seetinn  has  beeu  made  in  the  limbus  or  in  the 
sclera,  the  resulting  cicatrix  becomes  later  on  almost  unrecognizable. 
The  anterior  chamber  is  abnormally  deep,  the  iris  is  tremulous  and, 
when  the  operation  has  been  done  with  iridectomy,  pre-^^ents  a  coloboma 
above.  Tlie  pupil  is  of  a  pure  black,  but  on  lateral  illundnation  pre- 
sents to  view  a  membrane  of  silky  Inster,  wliich  not  infrequently  is 
thrown  into  folds.  This  is  the  lens-capsule  winch  was  left  in  the  eye 
when  the  lens  was  removed.  The  capsule  is  left,  partly  because  it  would 
be  impossible  to  remove  a  normal,  non-thickened  capsule  intact  from 
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the  eye;  partly  because  the  capsule  along  with  the  zon'jla  for 
diaphragm  which,  being  stretuhtnl  between  tlie  ciliary  prouc^wt^sj,  k 
the  vitreous  in  the  eye,  so  that^  in  removing  the  capsule,  we  woolil 
always  run  the  risk  of  having  prolapse  of  the  vitreous.  It  is,  however, 
only  the  posterior  capsule  of  the  lens  (h.  Fig.  170)  wliich  is  intact 
throughout.     The  anterior  cai>sn]e  (r,  ?',),  where  it  occupiea  tht«  arc» 

of  the  pupil,  is  lacerated  and  in  part  defi- 
cient; the  remains  of  it  are  applied  di> 
rectly  to  the  posterior  capsule.  Sine?©  both 
capsules  are  transparent,  the  pupil  appears 
round  and  black.  Behind  the  iris  the  an- 
torior  capsule,  where  it  was  protected  fporo 
the  instrument  used  for  making  the  o])en- 
ing,  is  pri'sei'ved  intact,  and  in  conjnocttoR 
with  the  posterior  capsule  incloses  remains 
of  the  lens,  which  correspond  to  what  was 
once  the  eqnator  of  the  latter  (Fig.  170,  k). 
As  the  anterior  an<l  posterior  ca|>6ules  bo- 
come  agglutinated  together  in  the  pupU> 
lary  area,  these  remains  of  the  lens  an« 
sluit  otf  from  the  atjueous,  and  can  r»)i 
therefore  be  absorbed ;  in  fact,  they  usual- 
ly increase  in  amount,  owing  to  prolifer»- 
tion  of  the  cells  of  the  capsule.  Thcv  then 
form  an  iinnular  swelling  lying  behind  the 
iris  (8ocmmering's  crystalline  swelling). 
The  lumen  of  the  ring,  which  corrcspoada 
to  the  pupil,  is  closed  by  a  thin,  transpar- 
ent lut'tiibnine  consisting  of  the  two  ap- 
posed layers  of  the  capsule.  As  the  opaqu« 
and  Bwullea  mjvsa  is  concealed  completiflv 
behind  the  iris,  it  in  no  way  int4?rferes  with 
vision.  If  the  operation  has  been  road« 
with  an  iridectomy,  the  mass  is  wanting  in 
the  course  of  the  cotohomI^  because  the 
anterior  capsule  was  opened  there  likewi^*. 
AVithout  glasses  the  str/li/  of  persons 
who  have  been  operated  upon  for  catM'wet 
is  just  sufficient  to  allow  them  to  go  about 
alone  or  to  do  very  coarse  work.  Distinct 
vision  J8  possible  only  with  the  aid  of  con- 
vex glasses,  since  by  the  removal  of  the  lens  the  refractive  power  of  the 
eye  has  become  too  small,  and  hence  there  is  a  high  degree  of  hyper- 
metropia.  If  the  eye  was  emmetropic  before  the  oj>eration,  tin»  hypcr- 
metropia  afterward  amounts  on  an  average  to  from  10  to  Vi  D.     It  is 


Fio.  170  — CRO(»-B«Trtoif  THRoron 

TOE  AKTERHiK  SKOmWT  OK  A» 
Eve.  rfiS  WHU'H  AN  EXTRAT- 
TloN    HA«    BKES    PBRruÄSIKÜ    BT 

hiKAN-!)  or  A  Scleral  Section. 

MAQNinCU  4x1. 
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inK  to  th«  sectlun  the  iris  la 
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otherwise  in  cases  in  which  an  error  of  refraction  already  existed  be- 
forehand. If  a  hyper metropia  was  present  previously,  it  is  added  to  that 
whicli  iH  uorjiiired  by  the  operntton,  and  makes  it  greater  by  just  its 
own  amount.  If,  on  the  other  hand,  the  eye  was  myopic  before  the 
operation,  the  subsequent  hypermetropia  is  so  much  tl>e  less;  extremely 
myopic  eyes  may  actually  become  emmetropic  after  a  cataract  operation 
or  even  remain  a  little  myopic.  The  ajihakie  eye,  moreover,  is  desti- 
tute of  accuniniodutioii,  Tlie  eye  is  incapable  of  altering  its  refractive 
state.  Hence  it  follows  that  by  any  single  gh\ss  the  latter  is  corrected 
for  a  single  di.stunce  only.  Accordingly,  an  eye  operated  upon  for 
cataract  lieed.s  at  least  two  ghisses — one  for  distiinec,  the  other  for  near. 

It  often  happens,  even  in  cases  in  which  the  operation  has  been 
well  performed,  that  the  result  of  the  o])eration  ia  impaired  by  the 
rctenfton  of  portions  of  the  cataract.  This  hapjicns  particularly  when 
the  fijxTHtion  is  done  on  immature  cataracts,  but  by  no  means  fails  to 
occur  also  in  those  that  are  mature  and  hypermature.  If  the  anterior 
capsule  is  thoroughly  opened,  the  portions  of  lens  left  behind  (if  they 
were  not  already  (jpa<iue  previously)  grow  ot»aque,  swell  up,  and  become 
absorbed.  In  this  case,  therefore,  a  jmre  black  pupil  is  ultimately  ob- 
tained. But  if  the  layers  of  the  capsule  become  agglutiiuited  early  and 
shut  oflf  the  remains  of  lens-substance  from  the  uquoinis,  these  remains 
arc  not  absorbed  but  persist  as  a  white  membranous  opacity.  This  is 
called  after-caturaci  (ratarttrta  senindari^i).  If  this  is  present  in  only 
one  part  of  tlie  pupil  while  another  part  of  it  iö  quite  clear,  the  sight 
may  be  perfect  But  if  the  whole  pupil  is  filled  by  the  secondary 
cataract,  the  sight  is  ditnintslifd  in  proportion  to  the  density  of  the 
opanity.  It  may  also  hjip|ieri  that  the  after-cataract  does  not  develop 
until  later  on  ;  the  epithelium  of  the  anterior  capsule  which  has  been 
left  behind  proliferating  and  inducing  a  secondary  thickening  and 
opacity  in  the  latter. 

After- cataract,  when  it  interferes  with  sight,  requires  a  secondary 
ojK'ration — namely,  discission  or  simple  linear  extraction.  The  second- 
ary operation  should  be  performed  not  sooner  than  four  weeks  at 
earliest  after  the  cataract-extract icm. 

The  result  of  a  catanict-operation  may  furthermore  be  impaired  by 
tnßammation  (see  pages  6*1,  672).  If  suppuration  of  the  wound  sets 
in,  the  eye  is  almost  always  lo.st.  If  irido-cyclitia  develop.«,  the  secondary 
cataract  is  united  by  the  exudate  which  is  formed  to  the  iris  and  even 
to  the  ciliary  processes  (Cataracta  secundaria  accreta).  It  depends  upon 
the  condition  of  the  light-])erception  whether  the  sight  in  t^ueh  a  case  can 
be  restored  or  not  by  a  secondary  operation  (iridectomy  or  iridotoroy). 

Historical. — In  the  preceding  lines  it  has  been  shown  that  there  are 
various  ways  ojx>n  to  us  for  removing  cataract.  Wc  may  either  mibject  it  to 
resorption  by  in«'«uis  of  diM-is8ion,  we  may  tear  u  hole  in  it  by  dilttceration.  or 
w^e  mny  remove  it  altogether  from  the  eye.     But  not  even  by  this  list  are  nil  the 
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The  case»  in  ivjucli  the  leas  became  prolapsed  into  the  anterior  chamber  after 
the  operation  of  depression  occasioned  the  first  perfortuiuice  of  extraction  of 
cataract.  This  method  of  ojwrating  if  we  are  Xm  believe  oomo  authors,  was 
j«frlia|)!<  practireil  now  and  then  even  iii  imctent  times,  Imt  at  any  rate  it  had  in 
tin-  tiii<lille  nyjf'H  fallen  wmpletely  into  oblivifjn.  The  first  infurniation  that  we 
htivL-  in  regard  to  it  we  get  from  the  «Mivfuteenth  century,  when  there  are  Kcvcrul 
inKtanees  in  which  the  lens  wiw  removed  fruni  the  anterior  chamber  inlo  which 
it  had  got  after  the  operation  of  depression.  The  Frenchman  Daviel  had  al- 
ready done  this  in  several  cases,  when  in  the  year  174.'5  fie  first  dared  to  under- 
take this  operation  upon  a  cataract  which  was  situated  in  its  normal  position. 
In  so  doing  Daviel  inaugurated  a  new  era  in  the  hi.story  of  cataract-operations, 
since  from  that  time  the  extraction  of  c^itiiract  began  more  and  more  to  take 
the  place  of  depresj-ion. 

The  oriyioiil  method  of  Daviel  was  naturally  very  much  in  need  of  improve- 
ment. Of  the  many  niodificationä  which  it  underwent,  the  la.nt  and  best  was 
thut  of  Beer.  The  latter  made  the  section  with  a  knife  invented  by  himself, 
wliicli  brnadcns  out  from  point  to  handle  so  as  to  have  a  wedge  shape.  With 
Beer's  cataract-knife  it  is  possible  to  complete  the  section  by  «imply  pushing 
the  knife  forwanl  after  it  has  been  entered,  and  owing  to  this  fact  the  section 
aciniires  n  high  degree  of  regularity.  The  section  ran  somewhat  inside  of  the 
Itinbus,  und  separated  exactly  the  lower  half  of  the  cornea  from  the  sclera. 
Then,  after  oj>euing  the  capsule,  the  lens  was  delivered,  but  no  part  of  the  iria 
was  excised. 

Beer's  procedure  was  soon  generally  adopted,  and  was  for  a  long  time  the 
prevailing  method.  In  successful  cases  it  gave  ideal  results.  The  j)U])il  was 
black,  round,  and  perfectly  movable,  and  it  was  only  upon  close  examination  of 
the  eye  that  it  coitld  lie  discovered  that  an  operation  for  cataract  had  been  per- 
formed at  all.  Unfortunately,  it  always  happeiud  that  a  considerable  number  of 
eyes  were  lost  after  (his  operation,  especially  by  supj»uratiun  «f  the  cornea.  As 
at  that  time  it  was  not  known  that  this  was  cause*!  by  infection  of  the  wound, 
the  method  of  o|x-niting,  and  particularly  the  way  in  which  the  section  was 
made,  were  regarded  as  accountable  for  it.  Hence,  other  better  methods  were 
sought  after,  and  this  time  Von  Graefe  was  the  one  to  take  the  most  important 
step  forward  and  create  a  revolution  in  the  methods  of  jierforming  extraction 
by  the  invention  of  his  jirocess. 

Von  llraefe  considere<l  that  the  cause  of  the  suppuration  of  the  cornea  in 
Beer's  metliod  lay  in  the  shape  of  the  section  which  wa*  made  with  a  fliip. 
This  «rives  rise  to  great  gajnng  of  the  incision,  in  conseipjeuce  of  which  the 
lips  of  the  wounds  are  not  properly  applied  lo  one  another,  and  this  fact  was 
Hup|a»scd  to  furnish  the  cause  of  the  su(>purafion.  Von  öracfc  accordingly 
believed  that  the  lineiir  incisions  were  preferable,  a.-,  he  had  become  convinced 
of  the  promptness  w  ith  whic!i  tliey  healed  in  the  case  of  simple  linear  extraction, 
an  ofK-raliou  which  had  already  l»een  practiced  by  him.  Accordingly  he,  as 
well  an  (ithers.  attempted  lo  apiily  the  linear  section  which  was  made  with  the 
lance-knife,  and  which  originally  was  em|vloyed  only  for  soft  or  shrunken  cata- 
racts, to  large  cataracts  with  a  hard  uueleus.  With  this  object  in  view  these 
experimenters  tried  to  make  the  linear  incision  as  large  as  ]>ossible  liy  placing 
it  in  the  upper  jiart  of  the  cornea,  and  by  combining  it  with  iridectomy. 
Others  tried  to  diminish  the  size  of  the  lens  first  by  crushing  it  so  a«  to  be  able 
to  extract  it  through  the  section.     But  these  attempt«  were  all  unsuccessful. 
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traction  "  (in  contradistinction  to  the  simple  linear  extraction).  Later  on  one 
niafle  a  virtue  of  neressitj',  and  laid  speeial  stress  upon  the  ndvantapt's  of  the  iri- 
dectomy that  was  combined  witli  the  extraction.  It  prevented,  they  said,  rhe 
inearceratum  of  the  iris,  made  it  possible  to  open  the  capsule  more  thoroughly, 
facilitnted  the  removal  of  the  remains  of  the  catunict,  and  alTr>r(led  a  pro- 
tection from  siihsc()ueiit  inHammntion  of  the  iri«.  Hence,  people  so«in  jjot  to 
regard  the  excision  of  the  iri^  us  one  of  the  additional  advantuges  of  the  new 
method. 

The  results  of  Von  Graefe's  linear  section  were,  in  fact,  much  better  than 
those  which  the  earlier  methods  had  ^ven,  Buppunitinn  of  the  wound,  in 
}>iirti<'ul«r,  had  become  less  frequent.  But  yet  the  method  had  its  dark  side. 
t<Mi.  It.s  perfomrance  reipiired  more  o|)er8tivc  skill,  aod  the  ilelivery  of  the 
lens  was  made  more  difliciilt,  owing  to  the  slight  tendency  to  gJipe  that  the 
wound  possessi'd.  (Mher  disa<lvaiitages  arose  from  the  |R'ri|»hend  situation  uf 
the  -^ec-tion,  which  brought  the  latter,  especially  at  its  extremities,  close  to  the 
zonuln  and  the  ciliary  body.  ProUipse  of  the  vitreous  was  frequently  met  with, 
and  also  inchi.HJon  of  the  pillars  of  the  cokibonia  in  the  wound.  While  .suppurft- 
tioti  of  Ihe  wound  proved  to  hi-  less  frequent,  iritis  und  irido-cyciitis  became 
proportionately  more  common,  and  in  consequence  sym[»utlietic  disease  of  Ihe 
other  eye  was  observed  more  freijuently  tlum  before,  These  facts  induced 
Of>erutors  to  depart  more  ami  more  from  this  section,  which  was  felt  to  be  too 
periphenil  in  its  situation,  and  in  ])art5cular  led  them  to  place  the  extremities 
of  the  Intter  »ear  the  cornea.  If  Von  (.»raefe's  original  section,  as  Von  Graefe 
himself  gave  it,  wa.s  itself  not  a  pure  linear  incision,  this  is  still  more  the  case 
with  the  section  as  it  was  subsequently  fHTformed.  It  had  become  a  cur\'ed 
section,  forming  an  are  of  small  altitude.  Under  this  somewhat  modified  form, 
seiend  extraction  soon  became  the  method  that  was  genendly  eni|iloyed.  I 
mysclf  make  this  section  as  it  is  shown  in  Fig.  168,  and  as  it  is  described  on 
page  603,  under  the  name  of  scleral  flap-extraction,  This  form  of  .section  ha^«. 
it  is  true,  develo]}ed  gni<luully  out  of  the  liueur  section  of  Von  Graefe,  but  it  is 
no  longer  entitled  to  the  same  name. 

Since  with  the  introduction  of  the  »ntiscptic  method  the  danger  of  suppura- 
tion of  the  wound  has  l»een  reduced  to  a  minimum,  opcrntors  no  longer  hesitate 
to  make  the  section  in  the  limhus  or  in  the  transparent  cornea  itself— as,  for 
example,  is  done  in  the  corneal* flap-extruction  above  described.  Other  im- 
provements that  have  been  made  have  had  regard  to  the  rjrciaiou  of  the  iri». 
Operatr>r»  had  already  learned  by  careful  reponition  of  the  iris  to  avoid  the 
diuigers  arising  from  its  incarceration.  When  this  is  done  there  is  no  need  of 
making  a  large  coloboma  such  lus  Von  Gruefe  had  described.  I  myself  take 
pains  to  make  the  excision  of  the  iris  as  slight  as  pos.Hible  (Fig.  1Ö8).  With 
this  object  in  view,  I  draw  the  iris  from  the  wound  only  far  enough  for  its 
pupillary  margin  to  become  visible,  and  then,  holding  the  scissors-forceps  jjer- 
|>endicular  to  the  direction  of  the  wound,  snip  ofT  sin^üly  the  apex  of  the  tag  of 
iris.  A  small  coloboma  averts  prolapse  of  the  iris  ns  certainly  a-s  doe.s  a  large 
one  (see  page  ÖT"»»,  and  cjuises  less  efinfu?<tiin  from  dazzling. 

When  at  length  surgeons  again  ad*)pted  the  section  in  the  cornea,  they  took 
the  lust  stcfi  and  operated  entirely  without  irideetmny,  aa  Daviel  and  Beer  had 
done  in  former  times. 

The  opening  of  the  eapniU  was  made  by  Von  Graefe  with  n  cystitome — L  e., 
with  n  triangulur-cutting  lancet,  and  by  others  was  made  with  the  discission- 
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needle  or  with  a  sharp  hook.     Ad  important 
(iuction  of  the  cai>siile-fon:eps  for  opening  tlie  t-apsulc. 
capsuU-  is  not  only  split,  but  alno  lias  a  piece  taken  out  i 
Iftr  wound  is  prevented  from  closing  quickly  again,  and 
fcrinif  with  the  resorption  of  the  fnigments  of  the  lens  ( 
employment  of  the  rupsule-forceps,  secoud«ry  cat 
frequent,  nlthough  nt  present  unripo  cataracts  nrej 
often  than  formerly. 

Id  recent  times  many  otverator«  have  followed  the  el 
of  the  nnUrior  chaniher  with  weiik  antise|)tic  »olutious, 
out  the  fragments  of  lens  which  remain  behind,  and  pi 
terior  of  the  eye  (MncKeown,  Wicherkiewicz).  I  hfl 
pretty  often,  but  without  seeinjT  uny  essential  udvantagi 

Besides  the  methods  of  e.xtraelion  which  huve  beei 
innumerable  number  of  others,  distinguished  by  diffe 
position  of  the  section,  in  the  way  of  excising  the  iris, 
in},'  the  capsule,  etc.  Many  operators  placed  tlie  incisi 
(Lebnin,  Liebreich) — in  fact,  even  in  its  center  (Küchl 
the  section  with  lioUowground  knives — e.  g,.  Weber 
Eduard  Jäj,'er  with  u  concave  knife.  It  would  carry  i 
these  methods  in  detail.  We  know  now  that  the  a( 
depends  fur  Ics^a  upon  the  way  in  which  the  section 
ciennliacss  of  tlic  operator. 

In  many  persons  who  have  been  operated  upon  U 
of  erythropfiia  {=  red-sight,  from  tpvßfuk,  red  J  is  obaoi 
«hows  it.self  after  the  patient«  have  be<'n  discharged  lu 
go  home.  Tltese  patients  .say  that  Btiddeniy  evcrythiu) 
Color.  This  phenomenon  last»  for  a  period  varying 
«oine  hours,  mid  i«  apt  to  recur  quite  frequently.  It  ia 
by  dazzling  of  the  eye,  and  sometimes  also  by  heating  ( 
nature  of  this  phcnonienun,  whirh  dous  the  ptUient  no  fu 
In  rare  «"ase-s  it  has  alsti  been  observed  after  other  open 
ha»  even  been  observed  in  eyes  that  have  not  been  open 
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OPERATIONS  UPON  THE  ADNEXA  BÜLBL 

I.  Squixt-opebations. 

{a)  Rflaxatlon  of  an  Ocular  Mvsch  {Tenotomy). 

164.  Tenotomy  is  performed  upon  the  internal  or  external  rectus; 
very  rarely,  indeed,  upon  the  other  ocular  muscles. 

Tenotomy  of  the  internal  rectus  by  Arlt's  method  is  performed  as 
follows:  The  conjunctiva  on  the  inner  side  of  the  cornea  is  lifted  up 
with  a  fixation-forceps  so  as  to  form  n  horizontal  fold  in  which  a  Tcrti- 
cal  cut,  situated  ahout  four  millimetres  from  the  margin  of  the  coniea,  is 
made  with  a  single  snip  of  the  scissors.  Tlic  incision  is  then  enlarged 
upward  iiml  downward,  and  the  conjunctiva  to  the  nasal  side  of  it  is 
undermined.  Starting  from  the  wound,  the  fixation-forcep.s  is  passed 
inward  till  it  reaches  the  tendon,  which  is  grasped,  drawn  somewhat  away 
from  the  eyeball,  and  divided  close  to  its  insertion  in  the  solera.  For 
this  purpose  a  small  pair  of  curved  scissors  is  used,  the  branches  of 
which  should  have  blunt  points,  so  as  not  to  stick  into  the  sclera. 
After  dividing  the  tendon  the  next  thing  to  do  is  to  see  whether  there 
arc  not  some  strands  of  tendon  still  remaining  at  its  upper  or  lower 
border.  A  squint-hook  is  accordingly  passed  in  beneath  the  tendon 
and  is  carried  upward  and  downward  so  as  to  explore  all  parts,  the  in- 
tention being  to  catch  u]>  upon  the  hook  any  fibers  that  may  chance  to 
be  intact  and  then  to  divide  them. 

After  the  division  of  the  tendon  has  been  completed,  a  test  must  be 
made  of  effect  of  the  operation,  which  should  be  neither  excessive  nor 
insufficient.  We  first  (I)  make  the  eye  th.it  has  been  operated  upon 
turn  toward  tlie  side  of  the  divided  muscle.  If  the  tendon  has  been 
cut  through  couii)letely,  there  must  be  a  considerjible  diminution  of  the 
motility  inward.  If  tlic  eye  can  be  turned  inward  as  well  as  it  could 
before  the  o]>eration,  this  proves  that  some  strands  of  the  tendon  have 
remained  undivided.  As  in  tliis  case  the  result  of  tlie  operation  would 
be  nil,  these  fibera  must  be  sought  out  with  the  hook  and  divided.  (2) 
Wo  make  the  patient  fix  his  gaze  upon  the  finger  held  in  front  of  him, 
and  then  keep  bringing  the  latter  nearer  and  nearer  to  his  eyes.  After  a 
properly  performed  tenotomy  of  the  internus,  a  convergence  to  at  least 
twelve  centimetres  should  be  still  possible.    If  the  eye  that  has  been 
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operated  upon  balta  in  its  movement  of  convergence  before  it  rcica«" 
this  point,  this  urguea  an  excessive  effect  of  the  operation.  The  work- 
ing capacity  of  the  internus  is  then  so  greatly  weakened  that  we  sItoaM 
have  to  fear  the  siibscqnent  development  of  a  divergent  strabismus.  la 
this  case  the  effect  of  the  operation  woukl  have  to  be  restricted  once 
more.  The  extent  to  which  the  strabismic  deflection  ia  corrected  by 
the  operation  is  to  be  regarded  as  of  only  secondary  importance.  In 
fact,  when  the  deflection  is  great,  the  correction  can  not  possibly  be 
secured  by  a  single  tenotomy.* 

When,  by  testing  in  the  manner  given,  the  effect  of  the  opcrttlion  is 
discovered  to  be  satisfactory,  the  operation  is  finished  by  uniting  tbo 
conjunctival  wound  with  a  suture. 

The  Operation  can  be  reudered  painless  by  means  of  cocaine ;  bot 
for  this  purpose  it  is  requisite  that  cocaine  should  be  instilled  not  only 
before  but  also  repeatedly  during  the  operation. 

Tenotomy  of  the  external  rectus  is  performed  in  an  analogous  fash- 
ion.  We  must  simply  keep  in  mind  the  fact  that  the  insertion  of  the 
external  rectus  lies  farther  from  the  cornea  than  does  that  «>f  tli.'  in- 
ternus. 

Tenotomy  acfs  by  displacing  the  insertion  of  the  divide«!  nuie<.k-  to 
a  spot  situated  farther  back.     Let  us  assume  that  the  case  is  one  of  an 
operation  upon  a  convergent  strabismus,  in  which  the  internus  is  short- 
ened by  a  certain  amount.     The  externus  is  elongated  to  the  same  d«^ 
gree  by  being  stretched  just  as  it  is  whenever  the  eye  rolls   in«r:ud. 
The  muscle  thus  put  upon  t!»e  stretch  attempts  to  return  to  it-s  normal 
length,  but  can  not  accomplish  this,  owing  to  the  resistance  of  the 
shortened  internus;  but,  as  soon  as  this  resistance  is  removed  bj  the 
divi^jion  of  the  internus,  the  externus  contracts  ami  draws  the  eye  oaU 
ward,  80  that  the  position  due  to  the  squint  is  corrected.     As  this  takes 
place,  the  divided  tendon  of  the  externus  glides  upon  the  sclera  to  a 
point  situated  proportionately  far  back,  and  there  becomes  attached 
anew  to  the  sclera.     Owing  to  the  fact  that  the  insertion  of  the  in- 
ternus now  lies  further  Imck,  the  latter  suffers  pernu^nent  impitirment 
in  the  effect  that  it  exerts  upon  the  eyeball.    The  immediate  result  of 
the  operation  is  greater  than  it  is  found  to  be  afterward.    The  more 
solid  is  the  union  which  the  dinded  tendon  forms  again  with  the  8cle^^ 

*  (A  third  anil  inoro  delicate  way  of  testing  tJio  effect  of  llic  ojierntjon  is  by  th<» 
prismatic  tests,  wliieti  are  frequently  employed,  especially  in  the  gra(]iiateUor  ''pftr- 
tial"  tenotoniies  done  for  the  correction  of  iiisufliciencies.  In  the  latter  ela«i  of 
coses  the  amount  of  insufflcicncy  is  accurately  measured  by  ihe  prisnialio  tests  l>c- 
fore  the  operation,  a  certain  amount  of  correction  is  madcby  tenotomy  (orndvant»- 
inent),  tlie  test  repeated,  and  the  operation  continued  accordinif  to  the  indiciition* 
furnished  by  this  second  test.  It  not  infivqnently  hitp|>eri5  that  three  or  four  such 
successive  tests  aro  made  during  the  performance  of  the  op«*rtttion.  the  effect  of 
which  can  thus  be  gauged  with  such  nicety  that  in  hyperphoria,  for  example,  a  dc» 
flection  of  only  a  fraction  of  1°  is  corrected  with  almost  abeolute  aecuraoj. — D.J 
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the  etronger  is  the  action  which  it  can  exert,  and  thus  the  effect  of  the 
operation  diminishes  in  the  succeeding  four  or  six  weeks. 


. 


(A)  Advancement  ofnn  Ocular  Muscle. 

Advancement  consists  in  a  displacement  of  tlie  insertion  forward, 
and  consequently  is  an  operation  that  is  the  opposite  of  tenotomy.  It 
is  purformod  upon  the  antagonists  of  th<?  sliartened  muscle,  and  always 
in  conjunction  with  tenotomy  of  the  latter.  Suppose,  for  example,  that 
the  case  is  one  of  strabismus  divergens.  In  this  case  the  internus 
woidd  be  advanced  in  tlio  following  way :  A  tenotomy  of  the  extemus 
is  first  performed  in  the  regular  way;  then  the  conjunctiva  over  the 
tendon  uf  the  iuternus  is  divided  just  as  for  tenotomy  of  this  muscle. 
The  exposed  tendon  is  caught  up  upon  a  sqnint-hook  that  is  pushed  be- 
neath it,  and  then  two  threads  are  passed  through  the  tendon  some 
millimotrcs  behind  the  line  of  insertion.  These  are  passed  through 
from  bohiiul  forward,  one  near  the  upper,  the  other  near  the  lower 
bordt-r  of  the  tendon,  Tenon's  capsule  and  the  conjunctiva  being  in- 
cluded at  the  same  time.  The  tendon,  which  now  being  held  fast  by 
the  threads,  can  not  slip  back  into  the  orbit,  is  next  divided  close  to 
thc«clcra.*  Tlio  upper  of  the  two  threads  is  now  carried  forward  from 
the  conjunctival  wound  along  beneath  the  conjunctiva  as  far  as  the 
upper  margin  of  the  cornea,  where  it  is  brought  out  again.  In  like 
manner  the  lower  tliread  is  carried  beneath  the  conjunctiva  to  the 
lower  margin  of  the  cornea;  then  the  upper  and  lower  threads  are  tied 
separately.  Tlie  tighter  the  threads  are  drawn,  the  farther  is  tlie  ten- 
don carried  forward.  lu  this  way  the  effect  of  the  operation  can  be 
rogulatcd. 

By  advancement  the  insertion  of  the  muscle  is  brought  nearer  tho 
cornea,  and  thus  there  is  given  to  it  more  power  over  the  eye.  The 
farther  forward  the  extremity  of  the  tendon  is  attached,  the  greater  is 
the  effect  of  the  operation.  Later  on,  however,  the  effect  diminishes, 
for  which  reason  the  operation  is  regulated  in  such  a  way  that  at  first 
an  over-correction  is  obtitined, 

156.  Indications  for  the  Squints-operations. — I.  Concomitant  strabis- 
mus is  the  most  important  and  most  frequent  indication  for  perform- 
ing the  squint-operations.  In  couvertjcnt  strabismus  the  operation  is 
indicated  in  all  ctises  which  can  not  be  cured  by  non-surgical  means. 
A  simple  tenotomy  eorrects  a  squint  of  about  three  or  four  millimetres. 
If  the  strabismic  deflection  is  considerably  greater  tlian  this  amount,  a 
second  tenotomy  must  bo  performed  iu  addition  upon  the  other  eye. 
This  should  be  done  not  sooner  than  fourteen  days,  and  later  if  possi- 
ble, after  tlie  first  tenotomy,  in  order  tiiat  we  may  judge  of  the  final 

*  [SomctiiucB  aläo  the  portion  vl  the  tendon  to  tho  corneaL  side  of  the  suture 
is  cxaccted. — D.] 
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result  of  the  first  openition  and  gauge  the  second  accordingly. 
effect  of  the  squint-operation  dependa  mainly  upon  the  state 
antagonist  of  the  contracted  muscle,  whose  task  it  is  to  bring  the  eje 
back  into  its  proper  position  after  the  tenotomy.  When,  after  a 
squint  ha»  lasted  a  long  time,  the  antagonist  has  lost  a  great  part  of 
its  strength,  the  effect  of  a  simple  tenotomy  is  very  eligbt.  For  such 
cases  advancement  of  the  antagonists  is  indicated  to  increase  this 
strength. 

In  convergent  strabismus  it  sometimes  liappens  that  divergence  of 
the  eves  sets  in  quite  a  long  time  after  a  successful  openition.  To 
avert  this  danger,  the  strabismic  deflection  should  never  be  completely 
corrected,  but  the  tenotomy  sliould  rather  be  so  gauged  that  a  eligbt 
degree  of  inward  squint,  such  as  shall  not  be  perceptible  to  the  laity, 
remains.  After  the  operation  tliat  convex  glass  is  prescribed  wlu'ch  is 
demanded  by  the  hypernictropia  that  is  usually  present.  If  the  Cy^| 
which  has  formerly  squinted  is  not  too  amblyopic,  we  also  institute  ex^" 
ercises  in  the  practice  of  binocular  vision,  partly  to  prevent  the  rctorn 
of  the  squint,  partly  to  remove  the  slight  degree  of  convergence  whie 
hi\s  been  left. 

In  divergent  Strabismus  the  effect  of  tenotomy  is  much  slight 
The  correction  here  amounts  to  not  more  than  two  millimetre-s  on  ai 
average,  und,  moreover,  is  afterward  considerably  reduced.     Hence,  m^ 
order  to  obtain  the  desired  result,  the  attempt  must  be  made   to  pro- 
duce a  considerable  ovcr-corrcctiou  of  the  squint.    A  single  tenotoniji 
is  hardly  ever  suHicient  for  this  purpose;  we  must  at  least  perform 
tenotomy  in  both  eyes,  and  generally  an  advancement  in  adilition.     As\ 
it  never  happens  that  a  divergent  strabismus  is  spontaneously  trans- 
formed into  a  convergent  strabismus,  one  need  have  no  fear  of  maktog 
a  thorough  operation. 

That  form  of  strabismus  divcrgens  wliioh  develops  from  strabismns 
convergons,  after  too  extensive  a  tenotomy,  is  associated  with  consider- 
able enfeeblomont  of  the  divided  intonuis,  and  hence  always  reqaires 
the  advancement  of  the  latter. 

2.  Insufficicncij.  .Ordinarily  it  is  only  insufficioncy  of  the  intorni 
that  furnishes  the  occasion  for  tenotomy,  which  is  then  perfom\ed  upon 
one  or  both  of  the  externi.  It  is  done — {a)  When  the  insufficiency 
causes  the  symptoms  of  a  muscular  asthenopia,  {h)  When  the  insiif- 
ßcieuey  threatens  to  pass  into  strabismus.  (/•)  When  the  insufficiency 
exerts  harmful  influence  upon  myopia  by  favoring  the  progress  of  the 
latter.  The  performance  of  tenotomy,  however,  should  not  Ix?  resolved 
upon  until  all  non-operative  measui'es  have  proved  to  bo  fniitleas. 
Furthermore,  the  insufliticncy  must  bo  so  considerable  that  it  will  not 
possibly  be  transformed  into  its  opposite,  or  an  insufficiency  of  tlie  ex- 
terni, by  tenotomy ;  we  should  then  have  to  deplore  the  development 
of  a  convergent  strabismus  with  a  tormenting  diplopia  as  a  result  of 
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the  operation.  '  On  the  whole,  the  performance  of  tenotomy  for  insuf- 
ficiency is  comparatively  rare  at  the  present  time.* 

3.  Pantlytic  Strabismus.  In  this  the  sipiint-opoi'ation  i&  indicated 
only  when  wo  are  dealing  with  an  old  paralysis,  the  spontaneoug  cure 
of  which  is  no  longer  to  bo  counted  npon.  If  the  paral3'si3  is  com- 
plete, so  that  the  paralyzed  muscle  is  no  longer  able  to  exert  any  etTect 
whatever  upon  the  eyeball,  the  operation  is  fruitless.  The  operation  is 
only  of  service  when  the  muscle,  although  enfeebled,  is  still  capable  of 
performing  its  functions,  and  the  strabismic  deflection  is  caused  mainly 
by  the  contracture  of  the  antagonist.  It  is  only  in  the  slightest  coses 
that  we  can  attain  our  object  by  making  a  tenotomy  of  the  coutnicted 
muscle ;  as  a  rule,  we  must  combine  this  with  advancement  of  the  para- 
lyzed muscle.  In  many  cases  we  operate  not  upon  the  paralyzed  but 
upon  the  sound  eye.  Suppose,  for  example,  that  the  inferior  rectus  of 
the  right  eye  has  been  left  permanently  enfeebled  by  a  paralysis,  so  that 
troublesome  double  images  are  formed  upon  looking  downward.  In 
this  case  wo  may,  by  tenotomy  of  the  inferior  rectus  of  the  left  eye,  also 
limit  its  capacity  for  making  excursions  downward,  and  thus  remove 
the  troublesome  symptom — namely,  the  diplopia,  f 

•[In  this  country,  however,  tenotomy  and  adranceiuent  aro  pretty  frequently 
pprformi'd  for  I  ho  relief  of  insiifBeiencT.  Moreover,  Ihese  ojnTutions  are  done  not 
("Illy  fivr  iiisulTicicney  of  the  inlonii  (exoplioria).  but  also,  and  j>crliai)s  luoro  fre- 
quently, for  insufficiency  of  tlieexterni  (osophoriu);  and  tenoloiny  or  advancement 
of  the  inferior  or  sujierior  rectus  for  vertical  in«uiricieiuy  (liypcrjijioria)  is  also  qnito 
common.  Indeed,  as  far  as  Ihe  n-lief  of  muscular  luslliiiioina  is  concerned,  the  re- 
sidts  of  Iho  operation  in  vertical  iiisutriciency  arc  both  mora  satisfactory  in  Ihcir 
immediate  effects,  and  also  more  permanent  than  is  Ihc  case  with  tenotomy  of  the 
lateral  rectL  As  hyperphoria  is  n  much  more  frt-qucnt  condiiion  than  formerly 
sup[iosed  (being,  for  exaujple,  found  by  the  translator  in  one  third  of  the  eases 
which  he  has  examined),  it  seems  likely  that  some  of  the  previous  failures  in  the 
treatment  of  muscular  aätiienopin  by  o^tcration  have  been  due  to  the  failure  to  ap- 
preciate tills  important  condition,  the  o{)erator  confining  himself  siniply  tu  a  cor- 
rection of  the  lateral  insuflleicncy. — D.J 

t  [Thisoperation — namely,  tenotomy  of  the  homonymous  mu«clc  of  the  other  eye 
— was  llie  one  rccoinmi-ndcd  by  the  elder  Von  Graefe  in  uiscs  of  |Mircsis  of  the  sujk.-- 
rior  and  inferior  rectus.  Alfred  von  Graefe,  however,  prefers  in  such  cases  advance- 
ment of  the  paretic  muscle  itself,  a  procetlurc  which  he  culls  the  "subslitiilion 
operation."  In  the  cujc  of  Ihc  other  muscles  the  same  authority  has  demonstratetl 
that  the  most  serviceable  operation  is  tenotomy  of  the  associated  antagonist — 1.  e., 
ot  (hilt  muscle  of  the  other  eye  which  turns  the  latter  in  the  same  direction  as  Ihe 
muscle  affected  would,  when  in  the  normal  stale,  turn  the  eye  to  which  it  belongs. 
Thus,  in  case  of  paresis  of  Ihc  right  internal  rectus  external  rectus,  superior  oblique, 
and  inferior  oblique,  their  respective  associated  antagonists — namely,  the  left  ex- 
ternal rectus,  internal  rectus,  inferior  rectus,  and  superior  rectus — would  be  divitl«!. 
The  reason  for  this  operation,  which  Von  Graefe  rails  the  "compensating  opera- 
tion," is  obvious  when  we  consider  that  by  division  of  the  a.saociated  antagonist  we 
limit  the  movement  of  the  sound  eye  in  precisely  the  same  way  that  the  movement 
of  the  affected  oyc  is  limited  by  the  paresis.  Thus,  paresis  of  the  right  inferior  ol>- 
liquc  restricts  the  movement  o/  Lbo  right  eye  upwaril  and  outward  (to  the  rigiit). 
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Tenotomy  of  an  ocular  muscle  was  first  tried  by  Stromeycr  upon  the 
and  some  years  later  (1839)  wm  also  performed  by  DieffcnhacU  U|k>d  tht?  Ii»-bg 
subject.  Dieffcnbach  did  not  divide  the  tendon,  but  tlie  belly  of  the  miu«!«. 
Hence,  it  not  infrequently  happened  that  the  posterior  half  of  the  muscle  re- 
tracted 80  far  that  it  could  never  again  become  attached  to  tho  eyeball.  Ttie 
divided  muscle  was  then  completely  paralyzed,  and  Mbon  the  Operation  had 
been  performed  upon  a  convergent  strabismus,  the  latter  was  transformed  into  a 
marked  divergent  M]uint.  Owing  to  such  bad  results,  the  operation  j^radualN 
fell  into  Bucia  disrepute  that  surgeons  were  on  the  point  of  givjng^  it  up  again. 
Then  BOhm  proposed  a  new  and  improved  method,  namely — the  division  of  the 
tendon  as  w^e  practice  it  now.  Von  Graefe  added  to  this  the  method  of  regulat- 
ing the  operation  with  precision,  showing  how  its  result  could  be  increased 
or  diminished.  Yon  Oracfc  performed  the  oiK'ration,  and  most  other  operaton 
still  perform  it,  somewhat  dififerently  from  the  way  described  above.  He  did 
not  grasp  the  tendon  with  the  forceps,  but  with  a  hook,  upon  which  he  made 
his  cut  dividing  the  tendon,  and  tlieti  used  a  second  smaller  hook  for  the  pur 
pose  of  exploring  after  uudivided  strands  of  tendon. 

Adcancement  was  first  performed  by  Gu6rin  and  soon  after  by  Von  Giaefc 
The  latter  propo.sed  the  procedure  known  as  the  thread  ojtcration.  Thi«  i«  lii»- 
tinguiahed  from  the  method  above  described  only  in  the  following  purtirular: 
The  coatmcted  muscle  is  not  divided  directly  at  its  insertion,  but  soraetrhat 
behind  it,  so  that  a  short  portion  of  the  tendon  remains  upon  tho  Mrlerm. 
Through  this  portion  a  thread  is  passed  by  means  of  which  the  cyebnll  can  b« 
drawn  a»  far  a»  desired  toward  tho  opposite  side.  After  the  operation  has 
been  finished,  the  ends  of  the  thread  are  fastened  in  the  vicinity  of  the  «ye  by 
means  of  udliesive  plaster,  so  as  to  keep  the  eyeball  in  the  position  desired.  In 
this  way  both  the  effect  of  the  o^H-ratiou  is  increased  and  the  tension  upon 
the  muscle  that  had  been  advanced  is  lessened. 

iluw  docs  tenotomy  of  a  muscle  weaken  the  latter?    Let  u<»  nssume  that  • 
tenotomy  has  been  performed  upon  tlie  right  internus  for  right  courrfgent 
sti-abismus.     After  the  division  of  the  tendon,  the  externus  draws  the  eye  out- 
ward.    For  this  reason,  and  also  on  account  of  the  elastic  contraction  which 
every  dividoil  muscle  shows,  the  tendon  of  the  internus  becomes  attached  far- 
ther back  upon  the  sclera.     Tlie  insertion  of  the  muscle  is  thus  approxinmtiHl  to 
ita  point  of  origin  at  the  optic  foramen,  and  the  muscle  is  shortened.      Before 
being  divided,  the  muscle  in  its  relaxed  state  had  a  certain  length,  from  which 
by  ita  contractile  force  it  was  able  to  shorten  down  to  a  certain  minimum. 
After  the  division  this  minimum  remains  the  same,  but  the  length  of  the  rnui^cle 
in  the  state  of  relaxation  is  less;  hence,  the  diiference  between  the  state  of  reit 
and  of  maximum  contraction  is  diminished.     But  this  diiference  corresponds 
to  the  power  of  adduction  of  the  eye,  which,  accordingly,  is  permanently  reduced 

and  also  reslricta  the  rotation  of  its  vertical  meridian  outward  (to  tho  right):  and 
tenotomy  of  the  associated  antagonist  (left  superior  rectus)  restricts  the  movempol 
of  tlio  left  eye  upward  and  inward  (to  the  right),  and  also  restricts  the  rotation  of  tin 
vertical  meridian  inward  (to  the  right).  In  paresis  of  tho  superior  and  inferior  ob- 
liques the  com|>cnsating  operation  alone  is  sufficient ;  in  paresis  of  the  external  and 
internal  recti,  the  compensating  openuion  (tenotomy  of  the  internal  or  external 
rectus  of  the  other  eye)  usually  needs  to  be  supplemented  by  tenotomy  of  tho  in- 
ternal or  external  rectus  of  the  same  eye  ("  equilibrating  Operation  '*),  aud  often  abo 
by  advancement  of  the  paralyzed  muscle  itself.^D.] 
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after  the  tenotomy.  Wc  can  readily  convince  ourselves  that  after  an  operation, 
the  eye  can  not  be  brought  inward  u»  far  as  it  could  Ijeforc;  indeed,  it  is 
from  this  fact  that  we  determine  whether  the  operation  has  been  successful. 

It  IS  hence  clear  that  the  correction  of  the  faulty  iK>8ition  duo  to  the  squint 
is  purchased  at  the  expense  of  the  adduction.  In  fact,  the  loss  in  the  motility 
inward  is  always  greater  than  the  gain  in  the  position  of  the  eye.  Tlie  former 
loss,  however,  is  ordinarily  of  no  importance,  since  in  convergent  strabismus 
the  adductive  power  is  abnormally  great.  Ilence,  even  if  it  is  reduced  by  the 
operation  to  a  point  somewhat  below  its  mean  value,  this  reduction  would  still 
fail  to  liecome  noticeable  except  when  the  eyes  were  in  the  extreme  lateral  posi- 
tion. But  the  case  is  different  when  the  attempt  is  mnde  to  correct  n  marked 
strabismic  defleition  by  a  very  thoroughgoing  tenotomy  of  the  internus,  with 
which  there  would  necessarily  be  a.«sociated  a  considerable  diminution  of  the 
power  of  adduction.  We  would  then,  it  is  true,  have  the  eyes  in  a  correct 
position  while  the  gaze  is  directed  straight  forward;  but  as  soon  as  the  patient 
wishes  to  look  toward  the  side  upon  which  the  tenotomy  has  been  performed 
(e.  g.,  in  the  case  of  right  convergent  etrabit^mus,  to  the  left),  the  eye  that  has  been 
operated  upon  would  not  be  able  to  follow  the  movement  properly.  When  the 
eyes  are  cast  in  this  direction,  divergent  strabismus  v/ould  appear  just  as  in  the 
case  of  a  iwralysis  of  the  internus.  Ilence,  we  ought  not  to  try  to  compensate 
for  a  marked  strabismic  deflection  by  a  unilatenil  operation,  but  must  dislribute 
the  ojieralion  between  the  two  eyes,  A  tenotomy  is  first  made  «ipon  the  squint- 
ing eye,  and  some  weeks  later  upon  the  sound  eye.  Thus,  by  adding  the  effects 
of  the  two  operations  we  obtain  the  desired  effect,  while  at  the  siime  time  we 
get  only  an  inconsiderable  reduction  of  the  adducting  power  in  each  eye.  The 
performance  of  a  tenotomy  upon  the  sound  eye  is  the  more  jastiticd  in  that  this 
eye  abo  shows  a  pathological  increase  of  adducting  power,  because  ]>atients  with 
inward  squint  always  inncnate  both  interui  too  strongly  (see  page  573). 

Wc  can  form  beforehand  an  approximate  estimate  of  the  effect  of  a  simple 
tenotomy.  This  effect  depends  essentially  upon  the  condition  of  the  antagonist 
of  the  contracted  muscle.  The  more  powerful  this  is  the  grcizter  will  he  its 
ability  to  bring  the  eye  into  the  correct  position  after  the  division  of  the  con- 
tracted muscle.  But  for  the  force  of  the  muscles  wc  have  a  sure  gauge  in  the 
amount  of  the  latend  excursion  (abduction  and  adduction)  which  we  can  deter- 
mine (see  page  585).  This  meaaurtment,  therefore,  should  be  performed  before 
evcrj'  squint-oiKsration;  then,  when  the  desired  effect  has  l>cea  secured  by  the 
operation,  this  effect  can  be  still  further  increased  or  be  dimiuishcd  by  appro- 
priate means  (regulation  of  the  effect). 

The  methods  of  infrtating  the  rffeet  of  the  operation  are: 

1.  Rchtiation  of  the  lateml  inrofpnation  of  the  tendon.  By  this  latter  term 
xs  meant  the  connection  which,  at  the  spot  where  the  tendon  passes  through 
Tenon's  capule,  exists  liclween  these  two  structures.  This  connection  still 
persists  after  tenotomy,  since  the  tendon  is  divided  inside  of  Tenon's  cai>8ulc. 
In  this  way  is  explained  the  fact  that  the  muscle,  although  ecparatcd  from  the 
eyeball,  has  not  yet  lost  all  action  upon  the  latter,  since  it  still  moves  Tenon's 
capsule,  and  thus  in<Ureolly  the  eye  as  well.  By  the  lateral  invagination,  too, 
the  tendon  is  kept  after  its  division  in  the  vicinity  of  tlic  sclera,  so  that  it  can 
become  reattached  to  it.  The  more  thb  connection  is  interfered  with,  the  more 
will  the  tendon  retract  and  the  farther  back  will  be  the  point  at  which  it  be- 
comes reattached  to  the  eyeball.    Accordingly,  we  can  heighten  the  effect  of  the 
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operation  by  dividing  the  connective  ti&Mie  on  both  sides  of  the 
Betting  the  tendon  itself  free.     We  should  not,  however,  proceed  &o  for  ris  to 
separate  the  tendon  completely  from  Tenon's  capsule,  since  in  that  ca«.?  it  won! 
retract  ultogetlier  into  the  orbit  ond  would  not  agiiin  form  an  adhcsioa  wit 
the  eyeball.     Wc  might  then,  as  in  the  case  of  DieiTenbach''8  operation,  hav«  t 
deplore  an  excessive  result. 

2.  Insertion  of  a  suture  which  reinforces  the  action  of  the  antagonist  (V 
Graefe,  Knapp).  In  tenotomy  of  the  inttTims  the  suture  is  applied  to  tho 
side  of  tbc  eyeball.  The  thread  is  introduced  close  to  the  external  margin  al 
the  cornea  and  parallel  with  it.  One  end  of  the  thread  is  afterward  passed  hwi 
within  outward  through  t!ie  external  commissure,  and  is  then  tied  to  the  other 
end.  The  tijrhter  the  thread  is  drawn  while  being  tied  the  more  will  tlieejebc 
rolled  outward.  In  tenotomy  of  the  extcrnua  tbc  suture  must  be  inserted  on  the 
ianer  side  of  the  eyeball. 

3.  AdcaTuemdit  of  Tenoti'a  eapauh  (De  Wecker).  This  is  i>crfomicd  over  the 
antagonist  whose  action  it  is  de*ircd  to  etrengtheu — i.  e.,  in  convergent  stralii«- 
mus  over  the  cxternua.  We  proceed  as  in  advancement  of  the  tendon,  erpaüa(| 
it  and  pasäiug  threadü  through  it  and  the  conjunctiva,  which  drnw  tbc  tendoa 
forward  and  Tenon'a  capsule  along  with  it.  From  advuncement  tliis  method 
mainly  distinguished  by  the  fact  that  the  tendon  itself  is  not  divided. 

To  diminish  the  effect  of  the  operation  the  following  means  aro  at  oor 
tnand : 

1.  When  the  suture  is  applied  which  is  designed  to  close  the  wound  in  tiie 
conjunctiva,  a  wide  and  deep  gra.sp  is  taken  upon  the  conjunctiva,  so  that  the 
needle  is  passed  through  Tenon's  cai{xsulc  b.s  well.  Then,  when  the  knot  is 
drawn  tight,  the  tendon  is  diawn  forward  a  little  along  with  the  conjiuictiva 

2.  If  it  is  apparent  that  the  divided  muscle  ha»  Buffered  too  great  impair- 
ment of  its  action,  its  end  must  be  grasped  and  attached  again  farther  fonrani 
by  means  of  threads.  This  event  occurs  when  the  connection  of  the  mofck 
with  Tenon'a  capsule  has  been  loosened  to  too  great  an  extent,  or  when  the 
operation  has  been  done  for  s  very  slight  strabismic  deviation.  It  is,  in  fart, 
better  to  leave  veiy  slight  cases  of  squint  unoperatcd  upon.  It  is  true  that  the 
attempt  bus  been  made  to  modify  the  tenotomy,  so  that  its  action  shall  be  rcry 
slight,  the  aim  being  to  effect  this  by  leaving  some  fibers  of  the  tendan  undi- 
vided (Von  Graefe  and  Abadie*).  Such  a  partial  tenotomy  ba.«,  however,  had 
no  permanent  result  whatever.  Wc  can  convince  ourselves  of  this  fact  in  tboic 
cues  in  which  some  fibers  of  the  tendon  arc  unintentionally  left.  In  such  case« 
the  effect  of  the  operation  disappears  completely  after  some  length  of  time. 
The  fibers  which  remain  in  place  prevent  the  tendon  from  retracting,  so  tliat  U 
becomes  reattached  to  the  .sclera  at  the  same  spot  as  before. 

A.I  regards  t\\cßnal  result,  cases  behave  differently.  The  most  frequent  out- 
come is  that  the  effect  of  the  0|jerHtion  increases  somewhat  in  the  firiit  few  days, 
then  dimini-'hing  again,  and  ultimately  becoming  less  than  at  first.  Sometimes 
the  diminution  proceeds  so  far  that  the  effect  of  the  operation  almost  com- 
pletely disappears  and  the  operation  boa  to  be  repeated.  This  is  particularly 
apt  to  bo  the  case  in  divergent  strabismus.  In  convergent  stnibismu:»,  on  the 
contrary,  it  sometimes  happens  that  the  effect  slowly  but  steadily  increases  until 
finally  divergent  Strabismus  supervenes.     This  may  take  place  even  ycara  after' 
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ward.  'Cnfortunatf  ly,  it  is  impossil)l{>,  cither  before  or  directly  after  the  oper- 
ation, to  foresee  with  certainty  wliich  of  these  occurrences  is  going  to  ensue,  so 
that  wc  can  not  at  once  take  measures  to  combat  them. 

Among  the  unpleasant  results  which  sometimes  accompany  tenotomy  is 
tinhing  in  of  the  earufielf,  which  looks  as  if  it  had  been  drawn  fur  buck.  Thi» 
condition  develops  only  after  tenotomy  of  the  internus,  and  is  due  to  the  fact 
that  the  muscle  as  it  retracts  draws  the  conjunctiva  of  the  inner  half  of  the  eye- 
ball after  it.  This  can  be  prevented  if  the  conjunctival  wound  is  closed  with  a 
suture  and  the  conjunctiva  thus  kept  in  its  proper  place.  Impairment  of  the 
cosmetic  result  may  also  be  produced  by  exophthalnuu.  This  originates  from 
the  fact  that  after  division  of  one  of  the  recti  the  eye  is  not  retracted  into  the 
orbit  with  as  much  force  as  formerly.  For  the  same  reason  a  slight  degree  of 
cxophthalmuB  is  observed  not  infrequently  in. paralyses  of  the  recti.  The  ex- 
ophthalmus  can  not  Ijc  removed,  but  when  it  has  a  disfiguring  effect  it  can  be 
concealed,  for  in  exophthulmus  of  such  a  slight  degree  tis  is  here  the  case  the 
conspicuous  tiling  is  not  so  much  the  protrusion  of  the  eyeball  us  the  increase 
in  size  of  the  palpebral  fissure  which  is  caused  by  the  protrusion,  and  this  l.nt- 
tcr  defect  can  be  corrected  by  shortening  the  palpebral  fissure  at  the  outer  angle 
of  the  eye  (tarsorrhaphy).  During  the  after-treatment  of  a  squint-operation 
there  is  not  infrequently  formed  a  nodule  of  gmnuhttiim,  growing  out  of  the 
sclera  at  the  site  of  the  conjunctival  wound.  Subsequently  this  becomes  con- 
stricted at  its  base  and  ultimately  falls  off.  It  may  also  bo  snipped  off  with  tlic 
scissors. 

Seriotu  aeciJenti,  such  as  suppuration  of  the  wound,  exudation  into  Tenon's 
space,  with  protrusion  of  the  eyeball,  and  actual  panophthnlmiti.«,  can  only 
occur  when  the  wound  has  been  infected  during  the  operation.  At  the  present 
time  these  accidents  are  among  the  greatest  of  rarities.  If  we  should  perform 
the  opeiation  with  a  sharp  pair  of  scissors,  and  at  the  same  time  are  dealing 
with  an  unruly  patient,  it  may  happen  to  us  to  perfomto  the  sclera,  If  the 
opcriition  has  been  p<!rformed  aseptically,  this  accident  will,  as  a  rule,  pass  over 
witlmut  producing  any  bad  results.  In  general,  tenotomy,  if  carefully  per- 
formed, may  be  said  to  be  perfectly  free  from  danger;  and  it  is  one  of  the 
ofwrations  for  which  patients  (especially  those  of  the  fcmalo  sex)  are  most 
gratiful. 

Au  indication  for  tenotomy,  although,  to  be  sure,  a  rare  one,  is  found  in 
those  cases  in  which  wc  are  comiiellcd  to  make  a  cohJ^Htma  vpicnrd  for  optical 
purpose».  Such  a  colnboma,  when  the  pal|x;bnil  fissure  is  ojwn  only  to  the 
ordinary  extent,  is  ouvcred  by  the  ujvjwr  lid.  Most  patients  soon  learn  to  ex- 
pose the  coloboma  by  raising  the  lid  strongly;  hut,  if  they  should  be  unable  to 
do  this,  a  tenotomy  would  have  to  be  perfom>ed  upon  the  superior  rectus,  so 
that  the  inferior  rectus  may  depress  the  eye  and  bring  the  coloboma  into  the 
palpebral  fissure.  Obviously  this  should  only  be  done  when  the  other  eye  is 
blind,  09  otherwise  diplopia  would  develop  just  as  in  case  of  panilysis. 


11.  Enucleation  of  the  Eyeb.^ll. 

166.  Ennolcation  consists  in  shelling  the  eyeball  out  of  Tenon's 
capsule,  the  conjunctiva  and  nil  the  tissnes  adjoining  tlio  eyeball  being 
left  behind.  Bonnet  has  the  credit  of  having  been  the  first  to  introduce 
this  operation,  which  he  did  upon  the  basis  of  his  studies  upon  Tenon's 
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capsule  (which  hence  is  also  called  Bonnet's  capsnle).  Rrfnrc  tins, 
operators  were  iu  the  habit  of  cutting  the  eyeball,  together  with  th< 
neighboring  soft  parts,  out  with  a  knifo  in  a  way  not  very  differrnt 
from  that  in  which  a  butcher  is  accustomed  to  do  it.  This  uiuch  tnon- 
radical  operation,  which  is  called  cxtirpatio  bulbi^  is  at  the  present 
time  performed  only  in  those  cases  in  which  malignant  neoplasms  have 
grown  out  from  the  eyeball  into  the  tissues  of  the  orbit  so  that  a  sim- 
ple enucleation  of  the  eyeball  is  no  longer  practicable.  By  ezentfraUivi 
of  the  nrbit  (cxeuteratio  orbitae)  is  meant  a  scooping  out  of  the  coo- 
tents  of  the  entire  orbit,  so  that  nothing  but  the  bony  walls  of  the  Ul* 
ter  are  left.  This  operation,  too,  is  performed  only  for  maltgnjuit  im?w 
growths. 

Eiiuclecttion^  as  done  by  Arlt,  is  performed  as  follows  :  The  patient 
is  an«8thetizod,  and  the  lids  are  separated  by  Desmarro's  retmcloriL. 
For  the  operation  itself  a  fixation-forceps  and  a  pair  of  atraight  sri»- 
sors,  which  shonkl  have  one  branch  blunt  and  the  other  sharp- pointed, 
are  employed.  If  the  o]>eration  is  performed  on  the  left  cyo,  the  con- 
junctiva close  to  the  external  margin  of  the  cornea  is  first  picked  np 
and  incised.  From  this  wound  as  a  starting-point  the  conjunctiTa  is 
divided  all  round  the  cornea,  and  then  it  is  loosened  from  its  connec- 
tions still  farther  back.  Then  the  external  rectus  is  grasped  with  the 
forceps  and  divided  behind  tlie  latter,  so  that  a  stump  of  tendon  re- 
mains attached  to  the  sclera.  This  serves  to  hold  the  eye  -with,  daring 
the  subsequent  course  of  the  operation,  which  consists  in  the  dividoo 
of  the  rest  of  the  ocular  muscles  and  of  the  optic  nerve.  The  blnot- 
pointed  branch  of  the  scissors  is  passed  beneath  the  tendon  of  th« 
superior  rectus,  and  the  latter  is  taken  up  upon  the  scissors  and  is 
divided  close  to  the  sclera  by  a  single  snip.  The  same  is  done  with  the 
inferior  rectus.  Then  the  scissors,  closed,  are  passed  from  the  oater 
side  in  behind  the  eyeball  to  feel  for  the  optic  nerve,  which  when  the 
eyeball  is  drawn  forward  is  put  upon  the  stretch  so  as  to  form  a  hard 
cord.  When  the  optic  nerve  is  felt,  the  scissors  are  opened  and  the 
nerve  is  cut  off  as  close  as  possible  to  the  eyeball.  As  soon  as  this  is 
done  the  eye  can  bo  pulled  out  of  the  orbit  (luxated)  in  front  of  the 
lids.  Then  the  remaining  structures  attached  to  the  eyeball  (tho  in- 
ternal rectus  and  the  two  oblique  muscles)  are  divided  as  close  its  no 
bo  to  the  eyeball.  With  this  act  the  enucleation  of  the  eyebull  is  coa- 
plcte.  A  wound  cavity  is  now  presented,  which  is  boundeil  behind  by 
Tenon's  capsule,  in  front  by  the  detached  conjnnctiva  of  the  eyebalL 
Through  the  margin  of  the  latter,  which  corresponds  to  the  limbos  of 
the  conjunctiva,  a  thread  is  passed  alternately  in  and  out,  bo  that  a 
suture  is  formed  like  the  string  of  a  tobacco-bag,  and  when  this  is 
drawn  tight  the  conjunctiva  is  completely  closed.  Then  by  the  use  of 
a  pressure-bandage  we  take  care  that  the  conjunctiva  shall  be  pmtod 
against  Tenon's  capsule,  so  that  it  may  become  united  with  it. 
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III  the  right  eye  tho  operation  is  performed  in  the  same  way,  except 
iflt  the  detivchracnt  of  the  conjunctiva  is  begun  at  the  inside  of  tho 
cornea,  and  the  internal  rectus  is  the  first  thing  to  be  divided.  This 
slight  difference  between  the  operation  upon  the  right  eye  and  that 
ujwn  the  left  is  explained  by  the  act  that  we  try  always  to  cut  from 
right  to  left  with  the  scissors,  as  this  is  the  more  handy  way  of  doing. 

Healituj  takes  ]vlace  after  enucleation  without  suppuration  and  by 
primary  union.  The  cavity  which  remains  after  the  removal  of  the 
eyeball  is  lined  by  Tenon's  capsule,  the  raw,  inner  surface  of  which  is 
presented  to  our  view.  Upon  it  can  be  recognized  the  divided  ends  of 
the  ocular  muscles,  and  at  its  most  posterior  part  the  cross-section  of 
the  optic  nerve  surrounded  by  some  orbital  fat.  This  raw  surface  is 
covered  by  tho  bulbar  conjunctiva,  whicli  after  being  detached  from 
the  eyeball  hanga  down  so  ad  to  form  the  anterior  wall  of  the  wound- 
cavity,  and  is  then  carried  into  the  latter,  so  that  its  posterior,  raw 
surface  gets  to  lie  against  the  anterior,  raw  surface  of  Tenon's  capsule. 
The  aperture  which  the  conjunctiva  has  in  its  center  corresponding  to 
the  cornea  has  been  already  closed  by  the  tobacco-bag  suture.  Hence, 
there  is  uo  raw  spot  remaining  uncovered. 

Enucleation,  if  performed  in  an  aseptic  manner,  is  an  operation 
perfectly  devoid  of  danger.  Tho  htemorrhago  ordinarily  is  slight,  so 
aa  to  require  no  other  measures  for  its  arrest  than  the  application  of  a 
pressure-bandage  upon  the  closed  lids.  In  case  the  bleeding  is  more 
profuse,  a  tampon  of  iodoform  gauze  must  be  introduced  into  the  orbit 
itself.  Under  normal  conditions  the  operation-wound  heals  within 
less  than  a  week.  Purulent  inflammation  (phlegmon)  of  the  orbital 
tissue  occurs  after  enucleation  only  when  the  wouud  has  been  infected. 
When  enucleation  is  performed  upon  an  eye  in  which  panophthalmitis 
is  present,  purulent  meningitis  with  a  fatal  issue  sometimes  sets  in  after 
the  operation.  Paunphthalmitis,  therefore,  is  a  coutra-iudication  against 
enucleation  (see  page  322). 

The  prvthesig  {arfificinl  eye)  should  not  be  inserted  sooner  than 
fourteen  days  at  earliest  after  the  operation.  It  consists  of  a  shell  of 
glas.«,  which  is  made  in  imitation  of  the  anterior  division  of  the  eyeball, 
and  which  is  retained  in  place  behind  tho  lids.  After  an  enucleation 
which  has  healed  in  the  normal  way  there  is  found  a  cavity  clothed 
with  conjunctiva,  which,  behind  the  upper  and  lower  lid,  ia  converted 
into  a  deep  furrow  corresponding  to  the  fornix  conjnnctivie.  It  is  into 
this  furrow  that  the  upper  and  lower  rims  of  the  artificial  eye  are  insert- 
ed. The  deeper  the  furrow  is  the  better  will  it  keep  the  artificial  eye  in 
place.  For  this  reason  we  take  care  in  operating  to  preserve  the  bulbar 
conjunctiva  as  much  as  possible.  In  cases  in  which  we  are  compelled 
to  remove  part  of  the  conjunctiva,  the  portion  which  remains  may  be 
drawn  into  the  cavity  by  cicatrization,  so  that  the  fornix  is  made  pro- 
portionately shallower.    In  this  way  it  may  become  impossible  for  an 
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artißcial  eye  to  bo  worn.  The  artificial  eye  mores  conjointly  "with  tlir 
other  eye,  although  its  excursions  are  smaller;  for  the  ocular  mn^ 
cleg,  although  detached  from  the  eyeball,  still  retain  tLeir  connection 
"with  Tenon's  capsule.  Thoy  movo  the  latter  in  the  same  dirccUon 
that  the  other  eye  is  moving  in,  and  with  Tenon's  capsule  they  movt? 
both  the  conjuuctiira  which  lines  it  and  the  artificial  eye  which  nati 
upon  the  conjunctiva. 

187.  The  indications  for  enucleation  are : 

1.  Mulifjnnnt  tumors  upon  or  in  the  eyeball,  provided  they  can  not 
bo  removed  by  a  less  radical  operation  with  ret^iiition  of  the  eyeball 
In  tumors  which  develop  in  the  posterior  section  of  the  ejoball  (gli«>- 
mata  of  the  optic  nerve  and  sarcomata  of  the  chorioid)  there  is  a  possi- 
bility that  the  new  growth  is  in  process  of  transmission  backward  along 
the  optic  nerve.  In  such  cases,  therefore,  the  optic  nerve  is  not  divided 
close  to  tlie  eye,  but  as  far  back  as  possible.  After  the  enucleation  lu» 
been  performed,  the  cross-section  of  the  piece  of  nerve  attached  to  the 
c^'cball  is  examined.  If  it  should  prove  to  be  attacked  by  the  ne» 
growth,  the  portion  of  the  optic  nerve  which  has  been  left  in  tfto  nrti: 
must  also  bo  sought  for  and  cxsected. 

3.  Injurien.  Enucleation  is  performed  at  once  (]>riniary  r; 
tion),  when  such  a  considerable  injury  is  present  that  the  eyi  > 
beyond  peradventure.  This  is  the  case  in  extensive  laceration  of  tbe 
anterior  portion  of  the  eyeball,  with  evacuation  of  a  part  of  tlie  con- 
tents of  the  globe.  By  enucleation  in  such  a  case  we  spare  the  patient 
the  panoplithahnitis  that  otherwise  awaits  him,  or  the  tedious  and  pain- 
ful process  of  shrinking  of  the  eye. 

If  the  injury  is  of  such  a  character  that  the  preservation  of  theejc^ 
at  least  as  far  as  its  form  is  concerned,  is  not  altogether  out  of  the  qnoK 
tion,  we  try  Crst  to  save  the  eye  by  initiating  that  form  of  treatment 
which  is  indicated  by  the  nature  of  the  injury.  If,  nevertheless,  inflaro* 
niation  develops,  and  the  vision  of  the  eye  is  absolutely  abolished,  tbe 
indication  then  is  to  perform  enucleation  (secondary  enucleation)  io 
order  to  prevent  sympathetic  inflammation  of  the  other  eye.  £nuc)e*> 
tion  should  also  be  performed  upon  those  eyes  which  have  been  blinded 
by  inflammation  in  consequence  of  an  unsuccessful  cataract- operation. 

3.  Irido-cyclitist  atrophy  of  the  eyeball,  and  phthisis  hiilbi  furnish 
an  indication  for  enucleation  whenever  sympathetic  ophthalmia  threat- 
ens to  occur,  or  has  already  broken  out.  And  even  a  condition  of  pain« 
fulness  in  the  eye  which  can  not  be  relieved  in  any  other  way  demands 
the  performance  of  enucleation.  This  is  upon  the  8up])osition  that 
all  hope  for  retaining  or  restoring  a  serviceable  degree  of  vision  bM 
disappeared. 

4.  Glaucoma  absoluium,  when  it  is  associated  with  continual  paÜBi 
and  when  other  less  radical  operations  have  either  been  already  per- 
formed without  success  or  arc  impracticable. 
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5.  Ectasia  of  the  eyeball.  When  tlie  eyeball  iß  very  mucli  increaBed 
in  Bizo  either  by  large  staphyloinata  of  the  cornea  or  sclera,  or  by 
hydrcijihthnlmus,  it  torments  the  patient  by  giving  rise  to  coutinutJ 
attacks  of  irritation,  by  preventing  the  closure  of  the  lids,  anJ  by  pro- 
ducing disfigurement.  Enucleation  is  then  indicated  provided  the  eye- 
ball can  not  be  diminished  in  size  in  any  other  way  (e.  g.,  by  a  staphy- 
lotna-operation). 

G.  H(emr>rr finge  which  comes  from  an  eye  that  has  been  operated 
upon  or  that  has  been  ruptured,  and  which  can  be  arrested  in  no  other 
way. 

7.  Cosmetic  consideratioiu  sometimes  furnish  the  indication  for  the 
removal  of  a  blinded  and  very  disfiguring  eye,  so  oa  to  allow  an  arti6cial 
eye  to  be  worn  in  its  stead. 

Many  operator»  use  the  squint-hook  for  performiinor  enucleation.  The  ten- 
dons that  are  to  1)6  detached  are  grnaped  with  this,  drawn  out,  and  divided 
upon  tlic  liook.  This  method  is  easier,  but  also  more  elaborate  and  more  tedi- 
üUü.  than  the  mctliod  whicli  Arit  devised  of  picking  up  and  dividing  the  tcndous 
with  the  scissors  directly. 

It  sometimes  hai)pens  tliat  wo  have  to  cnuclcntc  an  eyeball  which  itself  is 
not  disejised — e.  g.,  in  the  removal  of  large  tumors  from  the  orbit  when  the 
eyeball  is  so  much  in  the  way  as  to  prevent  the  radical  extirpation  of  the  new 
growth.  Again,  the  eye  is  sometimes  dcprivfd  of  nil  its  supporting  structures 
by  extensive  operations  in  its  vicinity,  and  would  thus  be  left  quite  denuded, 
in  this  case,  too,  it  is  better  to  remove  it  at  the  same  time  that  we  do  the  opera- 
tion, rather  than  to  allow  it  to  be  destroyed  by  panophthalmitis. 

The  nrlißciiü  eye  phould  be  taken  from  the  orbit  every  night  Rad  be  well 
cleaned.  In  time  it  loses  its  luster,  and  must  then  Ije  nplactd  by  a  new  one. 
It  not  infrequently  happens  that  the  conjunctiva  is  thrown  into  a  state  of 
catarrhal  inflanimation  by  the  mechanical  irritation  which  (he  artificial  eye  sets 
up.  Then  the  wearing  of  the  latter  roust  be  rcstrictid  to  a  few  hours  each  day, 
or  given  up  altogether  for  a  while,  nnd  the  conjunctival  catarrh  must  receive 
njqiropiiütc  treatment.  But  the  op|M>site  of  this  state  of  things  also  occurs — 
namely,  that,  through  wearing  an  artificial  eye,  troubles  that  were  formerly 
present  arc  msidc  to  disappear.  This  is  the  case  when,  af«er  an  enucleation, 
the  lids  sink  back  and  an  entropion  develops,  in  consequence  of  which  the  cilia, 
whicli  are  directed  inward,  irritate  the  conjunctiva.  By  the  insertion  of  an 
artiScial  eye  the  lids  receive  support;  the  entropion  disappears,  and  with  it  van- 
ishes the  condition  of  irritation  in  the  conjunctiva. 

The  artificial  eye  may  he  worn  not  only  in  an  empty  orbit  btjt  also  over  the 
eyeball.  The  only  prerequisite  is  that  the  eyeball  shall  be  diminished  in  size, 
eitluT  as  a  whole  through  atrophy  or  phthisis,  or  nt  least  in  its  anterior  division 
tliroiigh  applanatio  comejv,  or  as  a  consequence  of  ablation  of  n  staphyloma  of 
the  cornea.  An  artificial  eye  when  resting  upon  t!ie  natural  eyeball  has  a  par- 
ticularly deceptive  and  natural  appeanince.  and  also  moves  quite  perfectly  with 
the  eye  which  lies  l>eacath  it;  while  an  artificial  eye  which  rests  in  an  empty 
orbit  always  appears  a  little  too  small  and  too  deeply  seated,  and,  moreover, 
does  not  move  as  well.  Hence,  for  cosmetic  reasons,  enucleation  should  In;  per- 
formed only  when  it  is  absolutely  required,  and  in  other  cases  methods  of  oi>crat- 
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ing— such  as  staphyloma-operations — should  be  preferred  which  preserrc  the 
eyeball,  although  in  a  diminished  form.  Unfortunately,  the  stumj'  of  an  ejr 
does  not  always  bear  an  artificial  eye  over  it.     It  may  become   irri*  h 

latter  so  aa  to  get  inflamed  and  painful;  and>  indeed,  case«  of  synv  id 

flammution  of  the  other  eye  liare  been  actually  known  to  result  from  the  irrita- 
tion of  the  stump  produced  by  the  artificial  eye.  In  such  cases  either  tl»«  artifi- 
cial eye  mii.st  be  luid  aside,  or  the  too  painful  stump  must  be  enucleated. 

Inasmuch  as  the  artitlcial  eye  acquires  such  a  cosmetic  advantage  from  bcöy 
placed  upon  the  slimuken  eyeball,  the  attempt  has  been  made  to  replMW  CBtt- 
cleation  by  an  ojK'ration  which  docs  leave  a  stump  in  the  orbit.  This  operatioB 
is  ereiitfratU)  buRii.  According  to  Alfred  von  Gracfc's  metiiod,  it  is  perfonovd 
ii)  the  following  way:  la  tlie  first  place,  the  cornea  together  with  an  «djaoent 
zone  of  the  sclera  is  removed  by  first  incising  the  sclera  near  the  llmbus  witk  A 
knife,  and  then  detaching  it  by  a  circular  cut  with  the  scissors.  Then  th«  oott- 
tents  of  the  eyeball  which  has  thus  been  opened  are  scooped  cleanly  oat  witk  ■ 
shuq)  spouii,  so  ttiut  the  inner  surface  of  the  sclera  lies  cxpo.sed.  Lastlj,  Um 
opening  is  clof^ed  again  by  muaua  of  sutures  passing  through  the  conjmictiTa 
and  the  cut  edges  of  the  sclera.* 

In  the  endeavor  to  be  as  conservative  na  possible,  observerB  have  also  tried 
to  replace  cnurleation  by  the  division  of  the  nerves  going  to  the  eye.     TTiii 
operation  is  optieo-ciliary  neurotomy  (BouchcroD,  Schöler).     First  the  coujuoe> 
tiva  over  the  internal  rectus  and  then  the  muscle  itself  are  divided.     From  tbe 
wound  thus  mndc  the  scissors  are  pa.s.sed  backward  to  the  optic  nerve,  wliich  h 
divided  as  far  back  as  possible.     It  is  then  possible  to  rotate  the  eyeball  »u  txx 
outward  that  its  posterior  segment  together  witli  the  stump  of  the  optic  nerre 
shall  appear  in  the  wound.     The  portion  of  the  tvptic  nerve  still  attach^  to  Um 
sclera  is  thyu  removed  close  to  the  latter,  so  that,  supposing  the  nerve  wa 
divided  well  back  the  first  time,  a  long  piece  of  it  is  resected.     Next,  the  pos- 
terior section  of  the  eyeball  as  far  forward  as  the  equator  is  freed  from  all  tis- 
sues attached  to  it,  in  doing  which  most  of  the  cUhiry  nerves  are  divided. 
Then  the  eyeball  is  returned  to  its  place  in  Tenon's  cajisule,  and  fixed  there  by 
uniting  the  divided  ends  of  the  internal  rectus  and  the  divided  conjunctiva  wiUt 
sutures.     After  the  operation  is  completed  a  jir<-8niire-bandage  is  applied. 

Obviously  neitlier  exenteration  of  the  eyebiiil  nor  neurotomy  can  replao* 
enucleation  when  there  are  malignant  neoplusms  present  in  the  eye.  On  the 
other  hand,  they  might  be  substituted  for  this  operation  when  we  aro  dealing 
with  eyes  which  are  to  be  removed  because  of  being  painful,  or  on  account  of  a 
threatening  sympathetic  inflammation.  Neither  method  of  opemtion,  hovrcver, 
has  proved  to  be  perfectly  reliable.  The  jjain  not  infn'qucntly  returoa.  and 
sympathetic  ophthalmia,  too,  has  been  observed  after  both  methods  of  op<>r»- 
tion.  Added  to  this  is  the  fact  that  these  operations  are  more  difficult  lo  per- 
form than  eiiufleation,  and  require  a  considerably  longer  time  for  healinff. 
They  will  therefore  probably  never  displace  enucleation,  although  thej  mj 
sometimes  be  indicated  in  special  cases. 

Exciiteratmt  o/tfte  orbit  is  jierformed  as  follows:  After  the  patient  b 


•{In  what  is  called  Mule's  operation,  a  glass  bead  is  inserted  into  the  ojebtS 
after  the  exenteration  of  the  latter,  and  then  the  opening  in  the  stiem  is  dosed  by 
sutures.  The  bead  (or  "artificial  vitreous")  thus  remains  permnnentlj'  inclosed  in 
the  stump. — D.] 
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thetized,  the  external  commissure  of  tlie  lids  is  split  to  a  point  over  the  external 
margin  of  the  orbit.  By  this  procedure  the  lida  are  made  freely  movable,  and 
c»n  be  turned  baek,  the  one  up  the  other  down,  so  as  to  admit  uä  free  access 
na  posjjiblc  to  the  orbit.  Then  the  eoft  parts  behind  the  everted  lids  are  di- 
vided with  the  scalpel  down  to  the  Iwny  margin  of  the  orbit.  From  this  as  a 
startingiwiiit  the  periosteum  is  detached  from  the  bone  all  round  down  to  the 
apex  of  tiie  orbit.  The  entire  contents  of  the  orbit  now  form  a  wedge  which 
lies  free  in  the  latter,  and  is  attached  only  at  the  optic  foramen  by  means  of  tho 
optic  nerve  and  the  ophthalmic  artery.  This  ]>edicle  is  best  divided  by  some 
bhiiit  instrument,  so  as  to  avoid  harmorrhage  from  the  artery.  Should  the  latter 
bleed  in  <<pitc  of  this,  it  must  be  cauterized  with  Pacquelin's  thermo-cautery  or 
with  the  galvano-cautory,  since  ligation  of  this  artery  is  impossible  for  technical 
reasons.  Nest,  all  shreds  of  tissue  still  attached  to  the  bone  are  removed,  so 
that  the  latter  is  completely  denuded.  Then  the  orbit,  after  suitable  irrigation 
with  a  disinfecting  duid,  Ls  packed  with  tampons  of  iodoform  gauze,  and  a  light 
prcssurc-baudage  is  applied  over  it. 


HI.   OpERATioxa  FOR  Thichiasis. 

168.  Tlie  uumber  of  operative  methods  proposed  for  tho  relief  of 
tricIuAHia  (and  distichiiisis)  is  extremely  hirgo.  Munyof  tho  procedures 
advocated  are,  however,  distinguished  only  by  trifling  tletuils  from  each 
other,  so  that  it  is  sufficient  to  describe  at  length  only  some  few  of 
the  methods  which  may  be  regarded  as  constituting  the  main  types  of 
operation. 

Of  any  good  trichiasis  operation  it  must  be  demanded  that  it  re- 
lieve the  faulty  position  of  tho  cilia  and  prevent  a  return  to  this  posi- 
tion (a  relapse).  Cireumstanoes  being  the  eame,  preference  will  be 
given  to  that  method  which  attains  this  result  with  the  least  amount  of 
disfigurement  The  obvious  procedure  for  surgeons  first  to  hit  upon 
consisted  in  simply  removing  that  part  of  the  lid  which  bears  tho 
cilia  (ablation  of  the  zone  of  hair-follicles).  But  since  tho  results  of 
this  method  of  operating  leave  much  to  be  desired,  it  was  so  modified 
that  the  zone  of  hair-follicles  was  not  removed,  but  simply  displaced  in 
such  a  way  that  the  cilia  took  on  the  direction  desired  (transplantation 
of  the  zone  of  hair-follicles).  By  these  methods  the  trouble  is  removed, 
but  without  its  cause — namely,  the  distortion  of  the  tarsus — being  done 
away  with.  Hence,  still  others  conceived  tho  ideo  of  curing  trichiasis 
by  giving  the  distorted  tarsus  its  normal  shape  again  (straightening  of 
the  tarsus).  Upon  some  one  of  these  principles  depend  most  of  the 
known  operations  for  trichiasis, 

1.  Ablation  of  the  Zone  of  Hair-foJhrhs  hfj  Fhnrr's  Mfthod.  Dur- 
ing the  operation  some  firm  support  u^wn  which  the  cutting  can  bo 
done  must  be  place<l  beneath  the  lid.  For  this  purpose  a  lamina  of 
horn  is  employed,  wliich  is  pushed  beneath  the  lid,  the  lamina  being 
either  in  the  simple  form  of  Jiigor's  horn-plate  or  in  the  comitlicated 
form  of  Knapp's  blepharostat  [lid-clanii>],  in  which  the  lid  is  kept 
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pressed  against  a  horn-plate  by  means  of  a  metal  ring.*     After  insert-^ 
ing  the  horn-plate  an  incision  is  made  with  the  lance-knife  (or  with  t 
scalpel)  in  the  intermarginal  space,  and  in  fact  in  that  gmy  lino  which 
separates  the  orifices  of  the  Meibomian  glands  from  the  roots  of  th* 
cilia  (i,  Fig.  93).     When  we  make  the  incision  hero  vre  get  into  iht 
loose  connective  tissue  which  lies  between  the  tarsus  and   the  tnnscolor 
fibers  of  the  orbicularis,  and  which  is  readily  divided.      We  thns  splil 
the  lid  into  two  laminae,  the  anterior  of  which  contains  tJio  ekin  %ith 
the  cilia,  and  the  jxisterior  the  tarsus  with  the  conjunctiva.     This  pro-1 
cess  of  cleavage  must  run  along  the  whole  length  of  the  edge  of  the  Ldj 
and  be  carried  inward  to  a  point  over  the  roots  of  the  cilia — i.  e.,  to 
distance  of  about  three  millimetres  from  the  free  edge  of  the  lid.    Wbeol 
the  zone  of  hair-follicles  is  thns  detached  from  the  tissues  beneath  it, 
we  now  need  only  separate  it  from  its  connection  witJi  the  skin  of  the 
lid.     This  is  done  by  an  incision  carried  throngh  the  skin  parallel  with 
the  edge  of  the  lid  and  situated  at  the  limits  of  the  zone  of  hair-foUiclee. 
This  latter  is  then  connected  with  the  skin  of  the  lid  onl_v  ttt  its  two 
extremities.     This  connection  being  now  divided  with  the  scissors,  tbt 
zone  of  hair-follicles  (the  portion  a,  bounded  by  the  dotted  line  in  Fig. 
1T3  A)  is  detached.     A  raw  surface  now  remains  along  tlje  border  ol 
the  lids,  llie  floor  of  which  is  formed  by  the  anterior  surfooe  of  the 
denuded  tarsus.     This  wound  heals  by  granulation  within  »  few  cIaji. 

Ablution  of  the  region  of  hair-follicles  has  the  advantage  of  sun« 
plicity,  and,  moreover,  when  nothing  has  been  left,  makes  all  rdapset 
impossible;  but  it  produces  a  permanent  disfigurement,  duo  to  the  re- 
moviil  (if  the  cilia,  and  di-privea  the  eye  of  the  protection  which  the 
cilia  afTord.  This  is  of  particular  importance  in  the  upper  lid,  where 
the  cilia  are  more  nnmerous  and  are  larger.  Moreover,  tho  hard  nok- 
trix  which  is  formed  at  the  site  of  the  ablated  zone  of  hair-foUicle«  M 
often  a  cause  of  renewed  irritation  of  the  eye.  Ileuee,  ablation  of  the 
«one  of  hair-follicles  is  at  present  but  rarely  performed.  It  isemplojed 
upon  the  lower  lid,  where  the  cilia  in  any  case  are  small  and  scanty« 
and  |)articularly  in  cases  of  partial  trichiasis  in  which  the  ablation  need 
he  done  only  over  a  short  extent  of  surface. 

2.  Diitplacancnt  (Travsplnutation)  of  the  Zone  of  Uair-fuUicle*  hj 
Jaenchc-Arlfs  Mvthoil.  In  the  upper  lid  the  operation  is  perfonnrd 
by  beginning  with  an  incision  in  the  interniarginal  spnoe,  which  dividw 
the  lid  into  two  lamina^  as  far  as  the  npi>er  limit  of  the  zone  of  hair- 
follicles,  just  as  in  the  operation  for  ablation  of  the  latter.  In  this  way 
the  zone  of  hair-follicles  is  detached  from  the  underlying  tissue  and  ü 
made  movable.  In  order  now  to  draw  this  zone  np  and  attach  it  at  s 
higher  point,  the  akin  of  the  lid  is  shortened  in  the  vertical  direction 

*  [Thin  has  thn  Advantage  of  prcrentin^  bleeding'  durin;^  the  opeimtion.  Tb* 
clamp  is  alno  used  in  any  opi'nition  upon  the  lids,  stiich  n»  Ihn  romoral  of  «iBaU 
tumors,  in  which  deep  incisions  and  much  pressure  arc  cmjiluTod. — D.J 
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by  the  excision  of  a  fold.  The  fold  to  bo  exsoctod  is  bounded  by  two 
iücifiions.  Oue  runs  three  or  four  millimetres  above  the  free  border  of 
the  lid  and  parallel  with  it ;  the  other  is  carried  above  the  first  along  a 
nirveil  lino,  so  that  at  its  center  it  is  farthest  (six  to  eight  millimetres) 
from  tlic"  iirst  incision,  but  at  its  extremities  coineidea  with  it.  lu  this 
way  an  elliptical  piece  of  skin  is  circumscribed,  which  then  is  dissected 
from  the  underlying  tissues  with  a  pair  of  scissors,  care  being  taken  to 
prestTve  the  subjacent  muscular  fibers.  If,  then,  the  two  lips  of  the 
wound  are  united  by  a  number  uf  sutures,  wliich  are  applied  in  a  verti- 
cal direction  (/!,  Fig.  172  li),  the  lower  lip  of  the  woujid,  together  with 
the  zone  of  hair-follicles,  is  drawn  well  up,  and  the  cilia  are  in  this 
way  directed  straight.     At  the  same  time  the  incision  in  the  intermar- 


B 


J) 
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Fio.  179.— METHODS  or  npsRATiNO  rna  TnirniAtiJS  RcrnRsacNTXD  BCflrMATicAi.i.T  ik  a  Scrib 
or  l'rRPE.vi>K'i.'iuR  Skitions  MAt«K  Tiinoi'GH  TiiK  LipprR  Lin.     MAOMPien  2«  I, 

A.  Alilnil'in  i>f  til''  '-.ii''  "f  tinir-fi>lli<-liH  by  Fliin-r's  niethml.  B.  tniDs|)taiitailon  of  ihe  «one  of 
hnir-fi>lliok"-  '  \rlt"s  mcilKid.    r,  flevation  of  the  ioim- of  hÄirfollk-l«>s  hy  Hi->t«*« 

iiihIxmI.    L>.  -  -  u(  111«!  CnrsiMby  SiK^llen's  liielhod.    £,  tr«iM|ilantath)Ti  ot  Uiv  i!<.>l>« 

of  httlr-tollkl'. :.  ^  ^. .  -.jiiiifn'a  lucUioU. 

ginal  space  gapes  open  and  displays  at  its  bottom  the  raw  anterior  sur- 
face of  the  tardus.  In  order  that  the  zone  of  hair-follicles  may  not  be 
dntwn  down  agait»  by  tlie  cicatrization  of  this  wound,  the  ]>iece  that 
has  Ix'cn  excised  from  Ihc  skin  of  the  lid  is  inserted  into  the  wound  so  aa 
to  be  implanted  there.  This  piece  must  be  trimmed  down  so  as  to  fit 
well  into  the  wound  (A,  Fig.  173  />).  If  care  is  taken  by  proper  band- 
aging of  the  eye  to  keep  the  transplanted  strip  of  skin  pressed  against 
the  raw  surface  forming  the  bed  of  the  wound,  it  almost  always  becomes 
well  attached  to  the  latter  in  healing. 

In  performing  thus  openition  the  mistake  is  frequently  made  of  ex- 
cising too  broad  a  piece  of  skin  frtmi  the  cutaneous  surface  of  the  lid, 
which  thus  becomes  so  n»Ufh  shortened  that  ectroiiion  or  lugophthal- 
mus  develops.  Wo  should  therefore,  before  the  operation,  determine  the 
Bize  of  the  piece  to  be  exsected,  bv  pinching  up  a  fold  of  skin  with  the 
4« 
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finger  and  seeing  how  large  this  must  be  in  order 
without  shortening  too  greatly  the  skin  of  the  lids. 

In  the  lower  lid  the  operation  is  performed  in  the  same  way,  eicepc 
that  here,  in  order  not  to  get  ectropion,  the  piece  of  skin  to  be  ezsected 
must  be  made  still  narrower. 

3.  Hoti's  Operafio».  When  this  operation  is  made  upon  the  upper 
lid,  an  incision  is  first  carried  through  the  skin  of  the  latter,  nttaiii» 
along  the  upper  border  of  the  tarsus  from  one  end  of  it  to  the  olhcr. 
Then  the  li|is  of  the  wound  are  separated,  and  tlie  bundlc^s  of  fibereof 
tlio  orbiciUans  which  are  visible  at  its  bottom  are  oxsect*'d.  The 
wound  is  next  closed  by  stitching  its  lower  lip  to  the  upper  border  of 
the  tarsus.  For  this  purpose  the  needle  is  passed  first  throntrh  the 
upper  lip  of  the  cutaneous  wound,  then  through  the  upper  border  of 
the  tarsus,  mid  lastly  from  within  outward  through  the  lower  lip  of  th« 
cutaneous  wound  (.«,  Fig.  172  0).  As  many  of  these  sutnres  are  ap- 
plied as  necessary.  The  idea  underlying  this  operation  is  to  raise  th* 
tone  of  hair-folliolcs,  not  by  shortening  the  skin  of  the  lids,  as  in 

Jaesohe-ArltV  nieltiod,  but  by  attaching  the  skin  to  a  fixei]  point 

namely,  the  upjior  border  of  the  tarsus.  The  exsection  of  the  fibers 
of  the  orbicularis  is  done  with  the  intention  of  diminishing-  the  poirer 
of  this  muscle  which  tends  to  force  the  lid  backward.  This  operation 
dispenses  with  the  step  of  detaching  the  zone  of  hair- follicles  br  an 
incision  iu  the  intermarginal  space;  but  it  may,  if  ueceseary,  be  cont- 
binwl  with  such  tin  iucisiou. 

In  the  lower  lid  the  method  of  operating  is  the  same,  but  the  cutane- 
00»  inoi8i«>n,  in  accordance  with  the  suuUler  height  of  tJie  tarsu«,  run« 
closer  to  the  free  border  of  the  lid. 

4.  Straußtciiinfl  of  Ihr  Tarsus  by  Snellen  s  Afe/Jiod.     This  object  ia 

«ought  to  be  obtained  by  the  excision  of  a  prismatic  piece  from  the  lar- 

m«.   The  *kin  »a  incised  about  two  millimetres  above  the  border  of  tb» 

IW.aml  in  a  direction  parallel  to  the  latter  along  the  entire  length  of 

l\wbd  (t",  Ki?-  1**  ■^^)-     '^'^'^"  '^"^  lowermost  bundles  of  fibers  of  the 

„rlMiuliiris  whit'li  !>''  exposed  in  the  wound  are  excised,  so  that  the  t«r- 

»uii  IS  i<rv.*.M>t<''i  to  view.     A  prismatic  piece  is  now  exsected  from  this 

^ ,  ,^  j,,„j  its  entire  length,  by  making  sawing  cuts  with  a  knife  which 

Uquely.    The  next  thing  to  do  is  to  bring  the  two  cnt  but- 

..oif»  (f.  Fig,  172  />)  into  contact.     This  is  accomplished 

,1  under  the  form  of  loops  by  means  of  throadg  armed 

One  needle  is  first  juissod  through  the  ui>- 

\ft),  and  is  then  carried  down  in  front  of  the 

,  and  between  the  tarsus  and  the  ekin  as  far  ok 

in  '1,  above  which  it  is  brought  out  again.     A 

'    ,  niod  with  the  other  needle.     The  loop  then 

clamp  V  v .' '"'  "'  •'^^  '»'•siis,  while  the  two  extremities  of  the 

(umors,  ,*  ^l"''-f  ''""  ^«"•'J'->"  "f  th"  lid.     These  ends  are  then 


( 
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tied  upon  a  bead  (/>),  and  are  afterward  carried  up  to  the  forohead, 
where  tiiey  are  attaclietl  with  piaster  above  the  eyebrow.  In  this  way 
the  lid  is  liept  drawn  up,  and  coaptation  of  the  cutaneous  wound  is 
rendered  superfluous,  ae  this  then  closes  of  itself.* 

Ablation  of  the  zone  of  hair-folliftcs  is  among  the  oldest  of  the  method»  for 
opt'mting  upon  triehiu.**!».  At  tht-  present  time  it  has  been  ahnest  entirely  di«- 
phiccd  by  the  mclhcHls  for  (ransphiutdtion  of  the  zone  of  bair-folliclcs.  Bttll- 
waj;  has  attempted  to  bring  it  onte  more  into  currency,  under  an  improved 
form  which  he  calls  inversion  of  the  zone  of  liair-follicleä.  This  consist«  in 
reattaching  to  the  raw  surface  of  thn  tarsus  tlio  ablated  zosc  of  liair-folliclcM 
upside  (Jown — j.  c.,  in  mich  a  way  that  the  border  which  bear»  the  cilia  looks 
U[)ward,  and  that  which  ha»  the  raw  surface  looks  downward.  The  reattach- 
ment of  the  strip  of  skin,  which  it  is  designed  to  effect,  usually  takes  place,  but 
the  cilia  full  out  of  themselves;  a  result,  however,  which  is  really  desirable,  as 
otherwise  the  ii:]>ward-pointing,  transplftiited  cilia  would  have  a  very  repulsive 
appearance.  This  luelliud  therefore  amounts  to  the  same  thing  as  the  ablation 
of  the  Zone  of  hair-foliicles,  but.  as  the  wound  is  covered  with  akin,  it  pro- 
duces a  smiiHer  ciciitrix  in  the  free  border  of  the  lid. 

The  most  imporümt  »lep  in  the  way  of  improving  the  operations  for  trichinsis 
was  made  by  Arlt,  who  devised  the  plan  of  detaching  the  zone  of  hair- follicle« 
from  the  tarsus.  In  this  way  one  was  enabled  to  do  an  extensive  ti-nn6])lantation 
without  having  to  fear  a  necrosis  of  the  zone  of  hair-follicles,  as  in  the  originiil 
method  of  Jaesche,  who  released  the  zone  of  hair-follicles,  along  with  tlie  sul>- 
jacent  tarsus,  from  end  to  end,  and  separated  l>oth  completely  from  the  under- 
lying tissues.  Even  Arlt's  methwl,  however,  is  not  free  from  disadvantage». 
One  of  these  consists  in  the  difficulty  of  gn\iging  accurately  the  size  of  the  piece 
to  lie  exsefcted;  another,  in  the  possibility  of  a  relapse.  As  regards  the  first 
ptnnt,  no  fixed  breadth  can  be  assigned  for  the  strip  of  skiu  to  be  removed, 
because  this  brradth  varies  according  to  the  character  (i.  c.,  the  elasticity  or 
laxity)  of  the  skin  of  the  lids.  If  too  little  is  exseeted,  the  zone  of  hair-folli- 
cles is  not  drawn  up  sufficiently  and  the  frithiasia  returns;  if  too  much  skin  has 
been  removed,  we  get  ectropion  or  lngo|>hthalnm8,  which  could  only  be  got  rid 
of  by  subsequent  o|K>rations,  For  this  reason  methods  ha\'e  been  devised  which 
are  intended  to  effect  the  elevation  of  the  zone  of  hair-follicles  without  excising 
any  skin.  Hotz's  operation  belongs  in  this  category.  A  somewhat  ddferent 
method  is  that  of  Oettingcn.  He  carries  the  incision  in  the  intermargiual  space 
to  a  point  above  the  upper  Itorder  of  the  tarsus,  so  that  all  the  skin  which  covers 
the  tarsus  can  be  displaced  upward.  This  portion  of  skin  is  then,  by  means  of 
sutures,  attached  near  its  free  border,  which  curries  the  cilia,  to  the  upjier  border 
of  the  tarsus  (Fig.  172  i?).  Below  the  free  border  of  the  lid,  which  has  been 
thus  elevated,  there  remains  quite  a  large  wound,  formed  by  the  anterior  surface 
of  the  tarsus.  I'pon  the  same  principle  depend  the  methods  of  Kostomyris, 
De  Wecker,  and  Warlctmont. 

The  rela|>ses  which  are  of  frequent  occurrence  after  Arlt's  ofieration,  as  well 
as  after  mauy  other  methods,  have  the  following  causes:  1.  If  the  trachomatc'Us 
piocess  hBÄ  not  completely  nin  its  course,  the  shrinking  of  the  conjunctiva  and 

♦The  account  hero  given  of  the  method  of  operating,  which  differs  from  the 
ordinary  tlescrifitions  of  it,  I  owe  to  a  communication  conveyed  by  letter  from  Prof. 
Snellen  liimself. 
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of  the  tarsus  contimies  to  progress  after  tlie  operation,  and  once  more  ttirovs 
the  cilia  into  a  faulty  |Ktsiticia.  2.  The  shortcMiLu^  of  the  iäkin  produc\-d  b} 
the  excision  of  a  strip  of  it  often  fiüls  to  be  permanent,  hcctiuse  the  skin,  («- 
pecially  in  old  persoas,  gradually  Btrt-tchi's  out  again.  8.  The  -wuuod  in  tbe 
inlermarginal  hpace,  whirh  remains  uncovered,  heals  hy  ynmuhitino  and  tlw 
formation  of  t:iciitri(;(!S.  By  the  gradual  contraction  of  the  cir-j*triciul  tiasnc  the 
free  border  of  the  lid  may  be  druwn  down  again  autl  the  (Ktsition  of  the  nli«  be 
made  worse.  The  first  point  has  ita  ba«i»  in  the  nature  of  truchomii,  snd  e*n 
not  be  charged  to  tlie  account  of  the  method  of  oi>cratirij^;  but  the  i»<H:nuü  ami 
third  poiat.s  constitute  defects  in  the  operation,  which  it  has  Ix-oo  fought  toj 
remedy.  In  order  to  make  the  contraction  of  the  skin  pcrmaneut,  the  Uuer 
has  been  attached  to  a  fi.xed  point — namely,  the  convex  border  of  the  tant» 
(Hot«).  The  main  cau-te  of  relajw«» — i.  c.,  the  depre.si»ion  of  the  zone  of  the 
hair-foil  idea  due  to  the  cicatrization  of  the  wound — it  ha.s  been  attemptcil  to 
get  rid  of  by  covering  the  wound  with  skin.  In  Arlt's  method  thia  object  i« 
attained,  as  has  liueii  descriiied  above,  by  trunsplimting  the  excised  |K>rtioa  of 
skin  upon  the  wound  (Walilhauir).  Van  Milltngrn  prefers  to  cover  the  woqim] 
with  mucous  membrane  which  he  takes  from  the  lip.sof  the  patient,  or  from  the 
conjtuictiva  uf  a  rabbit.  Since  ßa\vn  of  skin  or  mucous  mentltrane,  when  d«MH 
tut«  of  a  pedicle,  are  cxixised  to  the  danger  of  mortification,  and  in  any  <a« 
xhrink  very  greatly,  others  have  chosen  pediciilnte  .■«kin-fliip.-;  for  covering  the 
wound.  In  Spencer  Watson's  method  this. flap  is  formed  in  the  followinx;  wity. 
An  incision  is  made  in  the  intermarglnal  .space,  and  a  second  one  is  made  iMnl- 
lel  to  the  border  of  the  lida  and  above  the  row  of  cilia,  as  is  done  for  their  ahla- 

tion  (Fig.  173,  in  the  outer  half  of  iho  upper 
lid).     Then,  instead  of  detacliing^  the  strip  of 
fikin,  thu.s  marked  out,  at  both  end»,  aa  in  the 
oiK'nvlion  of  ablution,  it  is  Eepamted  at  one  ex- 
tremity only.     The  zone  of  hair-folliclet«  is  tbto 
Irnnsffirnied  into  a  long,  slender  flap  which  I* 
free  at  one  extremity,  but  at  the  other  ts  con- 
nected with  the  skin  of  the  lids  (a.  Fig.  173). 
Then  a  second  flap  of  skin  similar  in  sluipe  i» 
fa.'«hioned  by  making  a  second   incision  abont    ^J 
three  millimetres  above  the  first  and  paraJM  lu     ^| 
it,  and  thus  nmrking  out  a  narrow  strip  of  »kin,      ^^ 
whiih   is  likewise.'  left  in  connection   with  tlir 
skin  of  the  lid  by  one  extremity  only  {Tig.  178, 
l>\.    Tbe  base  of  this  flaj>  must  Heat  the  outer  eiM] 
of  the  lid,  provided  the  lume  of  the  lower  fliip,  which  bears  the  cilia,  is  »tiiated 
at  the  inner  end,  and  vice  verwt.    Then  the  two  flaj)«  arc  interchanged,  »o  lUat  tbe 
one  which  carries  the  cilia  gets  to  lie  above,  and  the  one  that  wa»  above  (crta  to 
lie  below,  along  the  frt>c  border  of  the  lid  (Fig.  173,  rr,  and  *,)•     The  flap«  mn 
kept  in  their  place  by  sutures.     Other  methods  which  likewise  employ  flaps 
with  n  pedicle  are  those  of  Gayet,  Jacobson,  and  Dianoux.     Sjienoer  Watson'» 
openilioti  hiis  the  disadvantage  that,  if  {K-rformed  «long  the  whole  length  of  tlie 
lid,  thr  Haps  have  a  very  great  length  in  prr>portion  to  their  slender  base,  and 
arc  hence  apt  to  die.     Accordingly,  I  ordinarily  employ  this  (>{>eration  only  in 
those  cases  in  which  the  trichiasis  is  present  simply  at  one  or  tlic  other  ox- 
trcmity  of  the  row  of  cilia,  and  in  which,  therefore,  a  short  flap  is  sufficient. 


Fin.  ITS.— Spexcer  Watsok's  Op- 

EIUTIUN   Fun   TaiCHIAHIR. 

Thia  U  n»iirfs<>ntetl  ns  Ix-iriff  fxr- 
fomitiil  ill  such  a  wa.>'  that  iht^ 
flup«  U')  lint  cxtt'inj  ov»T  tht" 
t'Dliro  Icnffth  of  thp  lid,  »mt 
ouly  ovfc  Ulli'  Imlf  uf  it.  Tli« 
outer  half  of  ihn  njijK-r  liil 
nhmTsthi«  daji»  in  tln'ir  natiirul 
(Kwltioii :  th«.'  inner  fiulf  shmvs 
tin*  pitsitioD  of  lilt»  ttaps  nft.'r 
tllel'  tiave  b«.tii  inU.TchiiU(jeU. 
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Each  of  the  methods  named  hns  certain  advantages  aTi<l  disadxantages.  The 
ex{)crienced  (»perator  will  not  employ  any  one  of  them  exclusively,  but  will 
«elect  the  method  to  *>uit  the  case  id  hand,  and  when  necessary  will  even  com- 
bine two  different  methods.  Thus  Hotz's  merliod  may  be  combined  with  the 
excision  of  a  strip  of  skin,  with  the  detachnient  of  the  zone  of  liair-folliclc-s  by 
an  intermarfrinal  incision,  or,  if  the  distortion  of  the  torxus  Ih  a  very  cons]>icu- 
OUH  feat  »re,  by  the  excision  of  a  wetlge  from  the  hitter.  In  cases  in  which  the 
trichiasis  is  greatest  in  the  center,  Arlt'a  methr>d  is  very  suitable,  since  in  this 
method  the  exsectcd  piece  of  skin  in  broadest  in  the  center,  and  hence  it  la  in 
this  place  that  the  greatest  displacement  is  produced  in  the  zone  of  hair-folli- 
clca.  The  methods  of  Hotz  and  Snellen  also  exert  their  jfrcatest  effect  in  the 
center  of  the  lid.  Again,  for  trichiaeia  at  one  end  of  the  row  of  cilia  implanta- 
tion of  a  skin-flap  with  a  pedicle — e.  g.,  by  Spencer  \Vat»on's  method— is  the 
most  suitable  procedure. 


IV.  Canthoplasty. 

169.  Canthoplasty  (Von  Amnion)  has  for  its  object  the  dilatation 
of  tho  palpcbnil  fissure  by  the  division  of  tlie  external  an^'lo  of  the  eye. 
Tlio  two  lids  arc  separated  widely  with  the  fingers,  so  that  the  external 
coinmis.sure  is  put  upon  the  stretch,  and  the  blunt-pointed  blade  of  a 
straight  psiir  uf  scissors  is  introduced  behind  it  as  fur  as  possible; 
then,  with  one  snip  the  skin  lying  between  tiie  blades  of  the  scissors  is 
divided  in  a  horizontal  direction  ;  then,  «pon  drawing  the  lids  apart,  a 
rhomboidal  wound  is  exposed  to  view.  The  two  outer  sides  of  thia 
wound  lie  in  the  skin,  the  two  inner  sides  in  the  conjunctiva.  The 
inner  sides  are  next  stitched  to  the  outer  by  grasping  the  conjanctiva 
at  the  spot  where  the  two  borders  of  the  wound  come  together,  and  at- 
taching thi-s  point  to  the  external  atiple  of  the  wound  by  a  suture. 
Then  an  additional  suture  is  passed  through  the  upper  and  the  lower 
portions  of  the  wound  respectively. 

If  tlie  wound  in  the  external  angle  of  the  eye  were  not  covered 
with  the  conjunctiva  thus  stitdied  to  it,  it  would  reunite  within  a  short 
time.  Hence,  if  all  that  we  need  is  a  temporary  dilatation  of  the  pal- 
pebral fissure,  we  satisfy  ourselves  with  splitting  the  external  commis- 
sure without  applying  any  subsequent  stiturc — provisional  oanthoplasty. 
A  modification  of  this  hitter  operation  has  been  devised  by  Von  Stell- 
wag.  The  incision  with  the  scissors  is  not  made  in  the  prolongation  of 
the  palpebral  fissure,  but  from  the  external  angle  of  the  lid  oblicjuely 
outward  and  downward.  Owing  to  the  retraction  of  the  divided  fibers 
of  the  (ultieuhiria  the  wound  gapes  and  furins  a  triangular  slit.  This 
should  not  be  lined  with  mueous  menibranc  by  means  of  sutures,  but» 
on  the  contrary,  slnnild  be  allowed  to  reunite.  If  reunion  does  not 
take  place,  a  notch  is  left  in  the  border  of  the  lid  (artificial  coluboma 
of  the  lid).  This  causes  disfigurement  and  ejiiphora,  and  may  also 
occasion  ectro])ion,  and  would  therefore  have  to  be  removed  by  means 
of  ft  new  o])eration  (paring  the  edges  and  stitching  them  together). 
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Stellwag's    operation   is  called    obliqiio    blepliarotomy    or  «i)h} 
olomy. 

The  indications  for  canthopltisty  are  : 

1.  BUpharophimosis  and  ankyloblcphnrnn.     In  this  case  a  per 
nent  cflfect  is  derived  from  the  operation,  and  this  is  therefore  mad« 
with  a  conjunctival  suture. 

2.  Blepharo^pmm,  especially  if  it  gives  riso  to  spastic  cntropi 
Here  provisional  canthoplasty  is  sufficient.     The  success  of  the 
tion  in  these  cases  is  attributable  not  only  to  the  lengthening  of 
palpebral  fissure,  but  also  and  mainly  to  the  division  of  the  fibers. 
the  orbicularis,  in  consequence  of  which  the  latter  suffer  a  consider 
impairment  of  strength.     For  this  reason  Steilwug's  oblique  blepl 
rotomy  is  still  more  effective  in  relieving  blepharospasm,  but  ent^ib 
danger  of  a  coloboma  of  the  lid.     If,  as  is  so  frequently  the  cuse, 
spastic  entropion  is  combined  with  blepharophimosis,  the  cautho| 
must  be  combined  with  a  suture. 

3.  Acute  hlennorrlimt,  when  the  lids  arc  extremely  strollen 
ert  a  considerable  pressure  n])on  the  eye.     In  this  case  provisional  i 
thofilasly  is  i^ufliciont.    The  same  thing  is  true  when  the  onJargeramt 
of  the  palpebral  fissure  serves  as — 

4.  A  preliminary  step  to  enable  us  to  remove  through  the  palpebral 
fissure  an  eyeball  which  is  very  much  increased  in  size,  or  an  orbit 
turiiur. 

V.  Tarsokruaphy. 

170.  Tarsorrhaphy  consists  in  shortening  the  palpebral  fissure 
uniting  tin«  njgoa  of  the  lids;  it  is  accordingly  the  direct  op|>osite 
canthophiaty.     The  union  of  the  edges  of  the  palpebral  fissare  may 
effected  either  at  the  outer  or  at  the  inner  angle  of  the  eye  ( 
rhaphia  lateralis  and  modiali!^). 

1.  Lateral  tnrMrrhnphy.  In  Von  Walther's  method  this  is  pc 
formed  by  paring  the  upper  and  lower  borders  of  the  liils  by  ablatio: 
of  the  zone  of  hair-follicles  over  the  space  adjoining  the  external  angl 
of  the  eye,  and  tlu'ii  stilt-hi ug  the  bnrdera  of  the  lids  to  each  othe 
along  the  denuded  area.  As  in  this  way  it  is  only  a  very  narrow 
«urface — i.  e.,  the  raw  edges  of  the  lids — over  which  union  is  effect 
tlio  wound  is  a])t  to  tear  apart  undt-r  any  considerable  amount  of  stmi 
Ili'Ufle  I  perform  the  operation  in  a  different  way.  First,  the  extent  to 
which  it  is  desired  to  join  the  lids  together  is  marked  out;  then  tha 
lower  lid  is  split  into  its  two  lamin>e  by  an  intermarginal  incision  of  a 
longth  equal  to  that  thus  indicated.  From  the  inner  extremity  of  tba 
m'eliun  a  short  incision  is  carried  downward  through  the  skin,  thn 
«'•inverting  the  anterior  lamina  of  the  bisected  portion  of  the  lid  int<i 
n«»p  («I,  Fig.  174).  The  upper  and  inner  borders  of  this  flap  are  f 
whilt»  lilt!  lower  and  outer  borders  are  connected  with  the  skin  of 
lid.     'i'heli  the  uppor  lid  is  rendered  raw  by  first  making  the  into 
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ginal  section  in  the  same  way  as  upon  the  lower  lid  and  then  ablating 
the  zone  of  hair-folliclcs  thus  detached,  as  in  Flarers  operation.  Tliere 
is  thus  prndiiced  a  raw  surface  (A,  Fig.  174),  to  which  it  is  intended 
that  tlic  Kkin-rtu[iof  the  lower  lid  shall 
adhere  by  its  raw  surface.  Jn  order 
that  adhesion  of  the  raw  surfaces  them- 
selves, und  not  simply  of  their  edges, 
shall  take  place,  the  suture  is  applied 
as  follows :  Both  ends  of  a  thread  armed 
with  a  needle  at  each  end  are  carried 
through  the  upper  lid  near  its  free 
border,  the  needles  being  passed  from 
behind  forward.  In  this  way  tlie  loop 
of  tlie  thread  gets  to  lie  upon  the  con- 
junctival side  of  the  lid,  while  the  free 
extremities  come  out  upon  the  raw 
anterior  surface.  These  extremities 
are  then  passed  through  the  base  of 
the  skin-flap  below  and  are  tied  upon 
its  anterior  aspect  over  a  glass  bead. 
By  this  suture  the  base  of  the  flap  is 
kept  preyed  against  the  raw  surface  of 
the  tarsus  of  the  upfter  lid  ;  then,  as  an 
additional  precaution,  the  edges  of  the 

ekin-flap  are  accurately  united  to  the  edge  of  the  wound  in  the  upper 
lid  by  means  of  a  few  fine  sutures.  The  adhesion  of  the  lids  obtained 
by  tliis  method  is  firm  enough  to  withstand  even  a  powerful  stniin. 

3.  Median  taraorrhaphy,  as  devised  by  Arit,  is  performed  by  excis- 
ing with  the  forceps  and  scissors  a  narrow  strip  of  skin  from  both  the 
lower  and  the  upper  lid  dose  to  their  inner  angles.  The  long  and 
slender  wounds  thus  produced  should  meet  in  an  acute  angle  at  a  point 
on  tho  inside  of  the  inner  commissure  (w,  Fig.  174).  They  are  then 
united  to  each  other  through  their  entire  extent  by  means  of  inter- 
rupted sutures.  If  a  lirmtT  adhesion  is  desired,  this  operation,  too. 
like  external  tarsorrhaphy,  may  be  made  with  tlie  formation  of  a  small 
skin-flap. 

Tarsorrhaphy  is  indicated — 

1.  In  ectropion.  In  this  the  lower  lid  is  raised  by  attaching  it  to 
the  upper.  Tarsorrhaphy  is  most  effective  in  senile  and  paralytic  ec- 
tropion, and  also  in  slight  oases  of  rjcatricial  ectropion.  Tarsorrhaphy 
is  very  of(en  performed,  in  conjunction  with  blepharoplasty,  in  order  to 
insure  the  lids  remaining  in  the  proper  position. 

S.  In  layophfhnbnnH,  becjiuse  the  closure  of  the  palpebral  ßssure  is 
facilitated  by  shortening  the  latter.  It  is  more  particularly  that  form 
of  lagophthulmus  which  develops  in  Husedinv's  disease  in  consequence 


Fio.  174.— Tarsphrbaprt. 
A  lateral  tArvorrhaphT  ib  repmented  at 
tite  cxtfiTittl  nnKlt-  of  the  eye  ;  a 
mevtifto  tarsorrhttphy  »t  tli<-  inlfmnl 
aag'te.  On  tli<.>  (»wer  lid  Ih  abown 
the  position  nf  llie  lixip  u(  Uirrmd  lu 
OaiUard'H  nuture. 
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of  the  exophthalmus  that  furnishes  the  occasion  for  the  i 
of  tarsorrhaphy,  masrauch  as  we  have  no  other  means  of  r 
condition. 

As  a  rnlc,  lateral  tarsorrhaphy  is  the  operation  which  i« 
Median  tir8<irrhaphy  is  scarcely  ever  employed  except  in  paral".  lie  $e^\ 
tropion,  and  is  done  then  only  because  in  this  condition  the  lower  Udf 
geuenilly  droops  more  in  its  inner  than  in  its  outer  half. 

When  the  lower  lid  has  been  in  a  condition  of  ectropion  for  a  pretty  long 
time,  it  is  ordinarily  found  to  have  bccnuie  elongated  by  the  stretching  it  ba 
«mdergone.  In  order  to  make  the  lid  short  again,  a  procedure  by  which  it  k 
«t  the  same  time  put  ujwn  the  stretch  and  pre><Hi.'d  against  the  eyeball,  the  lo«w 
lid,  in  the  perfornmoce  of  tarsorrhaphy,  is  pared  to  a  greater  extent  than  i«  Xi» 
upper.  When  the  elongation  is  particularly  marked,  the  lid  in  ehortenefl  by  tu 
cising  a  triangular  piece  at  its  lateral  extremity.  The  apex  of  the  triangle  ii 
directed  downward,  and  it»  base  corresponds  to  tho  free  border  of  the  lid.  The 
two  sides  of  the  triangular  notch  ore  united  by  means  of  sutures. 

The  operation  of  uniting  the  lida  by  means  of  tarsorrhaphy  is  someCiaMt' 
done  under  great  tension — e.  g.,  when  the  attempt  is  made  to  brln|f  cloter  to- 
gether lids  thftt  have  become  shortened,  or  when  the  operation  is  done  in  ■  rift 
of  exophthahiius.  In  the  latter  event  it  is  the  enlarged  eyeball  that  t^oodtto 
push  the  lids  apart.  To  diminiäh  the  tension,  that  portion  of  the  poJpefaral 
fissure  which  in  to  remain  open  tnay  also  l>e  closed  by  means  of  suiun»,  th» 
being  done  without  jwring  the  edge»  of  the  lids,  so  that  the  union  sliull  t>e  only 
a  provisional  one.  The  autures  are  left  in  until  they  cut  their  wav  through.  <* 
until  the  healing  of  the  wound  made  by  the  tarsorrhafihy  has  become  Miffi- 
ciently  firm. 

VI.   Operations  for  Ektbopiow. 

171.  SpaMiic  entropion  develops  only  when  the  ekin  of  the  li 
abundant  and  relaxed  (see  page  489).  If  then  the  skin  is  put  upon 
the  stretch  by  pinching  up  a  horizontal  fold  of  it  in  the  fingers,  tii« 
entropion  disappears.  Upon  this  observation  depend  those  methods  of 
o{)envting  for  entropion  which  produce  contraction  of  the  skin  of  the 
lid  in  a  vertical  direction.  Other  methods,  on  the  contrary,  attempt  U> 
cure  tho  entropion  by  relieving  the  l>lcph)iro.'?pa.<?m  which  cmnsea  it. 
The  methods  of  operating  which  are  most  in  use  are : 

1.  öaillnrcTs  Suture.  This  operation  as  modified  by  Arlt  [s  per- 
formed as  follows:  One  needle  of  a  thread  whicli  is  armed  with  neotüps 
at  both  ends  is  entered  at  the  junction  of  the  middle  and  inner  third« 
of  the  lower  lid.  The  point  of  entry  lies  close  to  the  border  of  the  ]id 
(c,  Fig.  175  A)y  the  point  of  exit  at  a  distance  below  it  upon  tho  cheek 
equal  to  about  the  breadth  of  the  thumb  [d).  The  second  Jicctlle  is 
passed  in  a  simihir  fashion  and  near  tlie  first,  so  that  the  loop-end  of  the 
thread  lies  upon  the  skin  near  the  border  of  the  lid  (c.  Fig.  174),  and 
tho  two  threads  run  downward  beneath  the  skin  of  the  lids  in  a  parallel 
direction.  A  siujilar  loop  of  thread  is  applied  at  the  jutictinu  of  the 
middle  and  outer  thirds  of  the  lid.     If  tho  two  ends  of  each  thread  are 
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tied  over  a  small  roll  of  adhesive  plaster  aiul  drawn  tight,  a  horizontal 
fold  of  skin  is  pinched  up  upon  the  lower  lid  («,  Fig,  175  ^),  and  thus 
the  entropion  is  made  to  disappear.  The  threads  should  be  left  in 
until  the  tracks  formed  by  them  begin  to  suppurate,  so  that  after  the 
removal  of  the  threads  cicatricial  bands  may  be  formed  which  shall 
produce  the  same  effect  that  the  threads  did.  In  spite  of  this,  the 
entropion  is  apt  to  set  in  again  subsequently.  This  operation,  accord- 
ingly, is  only  adapted  to  those  cases  in  which  we  are  dealing  with  an 
entropion  of  jiresunuibly  short  duration,  as,  for  example,  that  form 
which  develops  beneath  a  bandage. 

2.  Excision  of  a  Ilorizonlal  Strip  of  Sl-in.  A  horizontal  fold  of 
skin  is  pinched  up  between  two  fingers,  its  size  being  so  gauged  that 
the  entropion  shall  be  relieved  by  it  without,  however,  an  ectropion  or 
a  lagophthalmus  being  produced ;  then  this  fold  is  snipped  off  with 
one  stroke  of  the  scissors,  and  the  two  edges  of  the  wound  are  next 
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Fio.  175.— Mbtrod»  or  npsRAnw)  nroN  Emtkopiom.    Ktotnnui  Sul. 

A,  suture  In  Gaillani-Arll'8  nieUiod  :  nicxle  nf  appljln^  Lh(<  loop  of  thrcAcl.    B,  thesiuiui  •fler 
the  U^>|.v  boti  tieeo  drawn  tight.    C,  suture  In  Sudll«u'6  method. 

united  by  means  of  some  sutures.  If  the  operation  is  to  be  effectual, 
t!ie  upper  edge  of  tlie  wound  must  lie  ]>retty  close  to  the  free  border  of 
the  lid.  The  result  of  this  operation  is  ordinarily  permanent,  altliough 
here,  too,  recnrrencos  of  the  ectropion  sometimes  take  place  through 
subsequent  stretcliing  of  the  skin.  Hence  the  much  more  complicated 
llotz's  operation  (sec  page  722),  which  fastens  the  skin  of  tiie  lids  to 
a  fixed  point,  the  attached  border  of  the  tarsus,  is  also  employed  iu 
entropion. 

3.  Citnthoplmtyy  and  also  the  oblique  blepharotomy  of  Stellwag, 
since  they  relieve  blepharospa.sm,  may  also  be  employed  for  the  abro- 
gation of  spastic  entropion.  In  those  cases  iu  which  blepharophimosis 
18  present  with  the  entropion,  the  former  condition  must  be  removed 
permanently  by  the  canthopla.sty. 

In  civdtrinal  entropion,  due  to  shrinking  of  the  conjunctiva  and  the 
tarsus,  those  methods  of  operating  are  indicated  which  are  employed 
for  trichiasis,  since  cicatricial  entropion  may,  as  far  aa  its  origin  is  con- 
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cerned,  be  regarded  as  nothing  but  a  tricliiasid   that  baa  beoooiBj 
advanced- 

loBtead  of  Oaillard'e  suture  we  ms;  also  employ  one  of  Snellen's  (^Boi  U>  k» 
confounded  witii  Snellen's  suture  for  ectropion).  This  was  modified  tfj  StA 
wug  in  tiie  fullowing  way:  "One  or  two  stout  threads  armed  with  eonad 
needles  at  both  ends  are  passed  through  the  entire  thickness  of  the  liil,  ttaitäf 
from  the  deepest  portion  of  the  fold  of  transition  of  the  fx>DJUDCtiv»  {a, 
175  C),  80  that  they  form  at  the  fundus  of  the  conjunctival  sac  one  or  twol 
four  to  five  tnillimetres  in  length  and  placed  parallel  to  the  fre«  border 
lid.  The  aepnratc  needles  are  next  carried  back  through  their  point«  of  pi 
tlie  external  covering  of  the  lid  (J*},  then  are  passed  vertically  Ix-tween  the 
and  the  fibro  cartilage  to  a  [>oint  jiii*t  at  the  external  lip  of  the  lid. 
•ro  brought  nut  again,  and  the  two  ends  of  each  thread  are  drawn  a» 
necessary  over  a  roll  of  adhesive  plaster  and  tied." 
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172.  In  spodic  ertmpion^  which  does  not  yield  to  rcpoaitirm 
applicatiou  of  a  bandage,  SneiletCs  suture  gives  the  best  service, 
Gaillard's  suture  iu  entropion,  it  consists  of  two  loops  of  thread,  om 
which  is  situated  at  t!ie  junction  of  the  external  and   middle  th 
the  other  at  the  junction  of  the  middle  and  inner  thirds,  and  w 
are  passed  downward  (or  iti  the  upper  lid  upward)  beneatli  the  s 
the  lid.     The  point  of  entry,  however,  is  different.    In  Snellca^«  6U 
this  lies  at  the  summit  of  the  cetropionized  conjunctiva — that  is,  n: 
ordinary  circnmstances  close  to  the  posterior  margin   of  the 
(rt,  Fig.  170  -1).     From  this  point  the  needle  is  passed  down 

the  skin  of  the  lid  to  a  point  aboat  si 
summit  of  the  lower  morgin  of  the 
and  there  is  brought  out  agitin  (a). 
second  needle  with  the  other  end  of  th* 
thread  is  carried  down  close  to  tho  ürd 
and  parallel  with  it.    The  two  extremilMf 
of  the  thread  which  thus  cotne  to  t 
upon  tho  check  are  tied  over  a  roll  of 
hesive  plaster  or  iodoform  gauze  and  drawn 
tight  until  a  slight  degree  of   entropi 
(Fig-  17t»  B)  is  produced.    The  same  thi 
is  done  with  the  second  loop.     The  m 
of  action  of  the  operation  depends  o 
the  fact  that  the  protruding  portion 
the  conjunctiva,  which  is  caught  in  t 
loop,  is  drawn  downward  and  forward 
the  direction  of  the  skin.     This  nitnro 
aaaaKtb«  omploycil  in  ^otiile  ectropion,  although  in  this  case  it  iura- 
aR»  ^0  DO  {lermaueut  t-ll'cct. 
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Paralytic  ectropion  indicates  the  performance  of  tnrsorrhaphy. 
The  Jattcr  is  also  frequently  performed  in  senile  ectropion,  although  in 
the  latter  Kuhnt's  operation  gives  much  better  results.  This  is  noth- 
ing but  a  modiflcation  of  the  old  method  of  AntylUis.  It  depends 
upon  the  fact  that  the  lid  when  ectropionized  is  elongated,  and  that, 
when  it  has  been  made  stiffer  by  being  shortened,  it  becomes  applied  to 
tlie  eyeball.  The  shortening  is  uceomplishcd  by  cutting  out  a  triangn- 
lur  piece,  the  base  of  which  must  lie  at  the  border  of  the  lid,  since  here 
the  elongation  is  most  considerable.  In  order  that  a  coloboma  of  the 
lid  may  not  be  produced,  the  excision  should  not  affect  the  entiro 
thickiu'ss  of  the  lid,  but  only  its  inner  layers — namely,  the  conjunotiv» 
and  tarsus.  The  piece  to  be  exsected  is  first  marked  out  by  two  in- 
cisions, which  begin  at  the  free  border  of  the  lid  and  are  carried  back- 
ward in  a  convergent  direction  through  the  conjunctiva  and  tarsus 
until  they  intersect  at  the  lower  border  of  the  tarsus.  The  segment 
inclosed  between  them  is  removed  by  entering  the  instrument  from  the 
interraargiual  space  and  passing  it  in  between  the  skin  and  the  tarsus, 
thus  di'taoliiiig  completely  the  wedge-shaped  piece  of  tarsns  that  has 
been  already  circumscribed  by  the  incisions;  then  the  wound  upon  the 
inner  side  of  the  lid  is  closed  by  a  suture  which  is  passed  along  the 
base  of  the  triangular  notch — i.  e.,  close  to  the  free  border  of  the  lid — 
through  the  conjunctiva  and  tarsus. 

With  respect  to  cicatricial  cclroju'on,  the  least  serious  cases  are  those 
in  which  not  much  skin  has  been  lost  and  the  contraction  of  the  lid  is 
caused  simply  by  a  few  cicatricial  bands,  especially  if  these  draw  tho 
lid  in  against  tlie  bone  and  attach  it  to  the  latter — a  condition  which 
80  frequently  remains  after  caries  of  the  margin  of  the  orbit.  In  such 
cases  the  cicatricial  bands  may  either  be  divided  subcutaueously  or  be 
cut  out  altogether,  according  to  their  situation,  and  the  cutaneous 
wound  be  closed  again  by  sutures.  The  effect  of  such  an  operation  is 
made  more  thorough  and  also  more  lasting  by  a  tarsorrhaphy  per- 
formed at  the  same  time.  If,  however,  much  of  the  skin  of  the  lid  has 
been  lost,  we  will  have  no  success  with  this  simple  operation,  but  must 
proceed  to  the  performance  of  blephnroplastrf,  the  object  of  which  is  to 
replace  tho  akin  that  has  been  lost.  In  ihi.s  operation  the  cicatricial 
portion  of  the  lid  is  first  divided  by  an  incision  parallel  to  the  free  bor- 
der of  the  lid,  and  then  the  more  deeply  situated  cicatricial  bands  are 
also  cut  through  until  tho  lid  is  freely  movable  and  can  be  brought 
into  its  normal  position  without  any  strain  being  put  upon  it.  Those 
portions  of  the  cicatricial  skin  which  appear  to  have  but  little  vitality 
are  excised,  in  doing  which,  however,  the  free  border  of  the  lid,  wher- 
ever it  has  been  preserved,  is  spared  as  far  as  possible ;  tlien  tlie  lid  is 
brought  into  the  proper  position  and  retained  there  by  being  united  to 
the  other  lid.  The  union  of  the  two  lids  should  be  made  a  permaoent 
one  for  about  the  outer  third  of  the  palpebral  fissure — i.  e.,  should  be 
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combined  with  paring  of  the  borders  of  the  lids  as  in  the  mftb..:  : 
tiirsorrhapliy — but  tho  inner  two  tlunls  of  the  palpobnil   liscnr-  ;u 
united  simply  by  means  of  a  temporary  suture.     After  the  lid  ha»  Utn 
thus  put  in  place,  tlie  incision  which  was  made  for  the  jmrpo^  of  n- 
leasing  it  gtipfis  widely  so  as  to  form  quite  a  large  raw  surfuce.     An  Urn 
ectropion  would  recur  when  this  surface  cicatrized,  the  latter  mu«: 
covered  with  ekin  either  by  means  of  pcdiciilatc  skin-flupg  taken  fro 
the  vicinity  of  the  wound,  or  by  means  of  pieces  of  skin  which  hate 
pedicle. 

For  the  formation  of  flaps  xoitk  a  pedicle  a  great  number  of  nioii>- 
ods  have  been  proposed,  according  to  the  size  and  shape  of  tho  lf*e 
subsUince.     The  methods  most  employed  are  those  of  Kricko  and  Di 
fenbach. 

Frickc'H  metJiod  is  especially  adapted  for  elongated  losses  of  •ob» 
stance,  whether  upon  the  upper  or  the  lower  lid.  To  cover  these  l<aM 
of  substance  a  tongue-shaped  flap  {L,  Fig,  177)  is  fashioned,  the  hm 

of  which  adjoins  one  end  of  tht  It» 
of  substance.  Tho  flap  is  most  oota- 
monly  taken  from  the  skio  of 
temple  and  the  cheek,  and  in 
and  shape  must  be  rna^lo  to  fit 
loss  of  substance.  In  doing  thi*  rl 
must  be  borne  in  mind  that  the  Afip 
shrinks  not  only  immcdiateljr  iiftrf 
it  has  been  detached,  but  also  m^ 

(w/ffffffffff/M///f/im^  sequently.     It  must    therefore  ht 

^'^^ayp^''^*^  7"        made  about  one  third  larger  to  ill 

VyUMJlM  I  its  dimensions  than  tho  loss  of  «b- 

^wmjm        ^       /  stance.     In  order  that  its  uoon«h- 

mcnt  may  be  satisfuctorj,  it«  hw 
must  be  made  broad  enough,  sod, 
moreover,  should  not  be  tnristed  too 
much  in  tho  act  of  transplanting 
the  Hap  into  the  wound.  For  tii* 
same  reason  the  skin  should  not  be  dissected  off  clean,  but  tho  solv 
cutaneous  fat,  together  with  the  vessels  running  in  it,  should  hf.  taken 
with  the  flap.  The  flap  thus  dissected  off  is  placed  upon  the  loss  of 
substance,  and  is  attached  by  sutures  to  its  edges,  which  have  prerioiulj 
been  rendered  movable  by  undermining.  The  raw  surface  which  re- 
mains at  the  spot  where  tlie  llap  liuj»  been  dissected  olt  can  nsuallr  b» 
diminished  considerably  in  size  by  moans  of  sutures;  the  reaiainin^ 
surface  is  allowed  to  heal  by  granulation.  At  the  base  of  tho  flap  tlwrt 
is  formed  by  the  torsion  to  which  it  has  been  siibjocted  a  swclltn? 
wOiir-h  is  larger  in  propiirlion  to  the  amount  of  twisting  that  ih«  il»}> 
has  undergone.     This  swelling  flattens  out  afterward  so  as  to 
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Fio.  177.— BlkphaRoplabt». 
The  mpthixl  nf  Frlck»*  m  tvprtwcnU'd  on  the 
uppi^r  llrl  ;   that  of  Dieffeuttach  on  Itie 
lower. 
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lees  perceptible ;  should  it,  however,  cause  disfiguremeut,  it  may  be  ei- 
cif>ed  later  on. 

nicffenbach\<t  tnethod  becomea  applicable  whenever  the  loss  of  sub- 
stance either  has  the  form  of  a  triiinglo  (the  base  of  which  looks  toward 
the  border  of  the  lid),  or  can  be  readily  bronglit  into  t!ie  triangular 
form  (;»,  Fig.  177).  It  is  better  adapted  to  tlie  lower  than  to  the  upper 
lid.  Tlie  flap  (/)  is  ordiimrily  taken  from  the  tcinpora)  side  of  the  loss 
of  substance — i.  e.,  from  the  cheek.  An  incision  is  made  toward  the 
temporal  side  along  the  prolongation  of  the  base  of  the  triangle.  It 
should  be  somewhat  longer  than  the  latter,  in  consideration  of  the 
shrinking  which  the  flap  will  undergo.  From  the  outer  extremity  of 
this  section  (a)  a  second  incision  is  made  downward  parallel  to  the  outer 
side  of  the  triangle.  In  this  way  a  quadmngular  flap  is  circumscribed, 
the  base  of  which  is  situated  below.  Tliis  flup  is  now  detached  by 
dissection,  and  is  turned  slightly  toward  the  nasal  side  so  as  finally  to 
lie  upon  llie  loss  of  substance,  to  which  it  is  then  attached  by  sutures. 
The  loss  of  substance  which  remains  at  the  spot  from  which  the  flap 
wtvs  taken  is  made  as  small  as  jiossible  by  means  of  sutures,  and  the 
remainder  of  it  is  allowed  to  heal  by  granulation. 

The  raw  surface  wliich  is  presented  to  view  after  the  ectropionized 
lid  has  been  put  into  place  may  also  be  covered  by  portions  of  skin 
destitute  of  pedicles — an  operation  which  is  called  skin-yrafting.  This 
was  first  introduced  into  surgery  as  a  well-established  jjrocedure  by 
Reverdiu,  although  isolated  experiments  had  been  made  with  it  before. 
Two  difTcrent  methods  are  distinguished,  according  to  the  thickness  of 
the  piece  of  skin  that  is  grafted.  In  one  method  very  thiti  pieces  are 
taken  wliich  contain  only  the  most  superficial  layers  of  the  skin — 
namely,  the  epidermis,  the  rete  Malpighii,  and  the  apices  of  the  papillas 
(epidermic  graft).  In  the  other  method  portions  of  skin  are  used 
which  include  the  entire  thickness  of  the  cutis,  and  wiiich  are  tnms- 
ferred  to  the  loss  of  substance  either  cut  up  into  small  pieces,  or  umler 
the  form  of  flaps  of  some  size  (dermic  graft).  In  dissecting  off  the 
skin  that  is  to  be  transplanted,  all  subcutaneous  fat  must  be  cjirefully 
removed  from  it ;  and,  furthermore,  it  should  be  taken  from  those  part« 
of  the  body  which  have  a  thin  skin,  such  as  the  lids  have.  For  this 
purpose  the  inner  side  of  the  upper  arm  is  commonly  selected.  The 
»kin  may  also  be  taken  frotn  other  persons  or  from  amputated  limbs 
with  sound  skin.  With  these  pieces  of  skin,  which  are  trimmed  to  fit 
the  freshly  made  raw  surface,  the  latter  is  carefully  covered  over  in 
such  a  way  that  they  are  everywhere  in  intimate  contact  with  the  sub- 
jacent parts,  against  which  they  are  tlieu  ke[it  aj)]dicd  by  means  of  a 
light  pressure-bandage. 

The  method  of  grafting  has  the  advantage  over  the  formation  of 
skin-flaps  with  a  pe<liclo,  that  the  face  is  not  disfigured  by  any  addi> 
tional  cicatrices.     On  the  other,  hand  it  affords  less  certainty  of  success. 
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since  the  pieces  of  skin  often  become  gangrenous.  Bnt 
do  become  attached  they  afterward  shrink  very  much, 
cess  of  the  operation  is  diminished,  or  is  even  entirely  nullified,  Tbf 
ojieration  of  grafting,  therefore,  is  especially  adapted  to  those  case»  n 
which  we  are  dealing  with  only  small  losses  of  substance  and  theo(»^ 
atiün  is  performed  mainly  for  cosmetic  purposes.  It  is  further  indi- 
cated in  these  cases  in  which  the  skin  surrounding  tlie  lids  can  not  le 
employed  for  making  flaps  with  pedicles,  owing,  for  example,  to  \u 
cicatricial  character.  In  the  other  cases,  in  which  large  loaaee  ol  «b- 
stance  are  to  be  covered,  and  especially  where  the  object  is  to  relierea 
lagophthalmus,  the  method  of  pediculat«  flaps  is  to  be  preferred,  b^ 
cause,  although  causing  more  disturbance  of  the  parts,  it  uetrerthekoi 
gives  more  certainty  of  success. 

VIII.  Operations  fob  Ptosis. 

173.  An  operation  is  indicated  both  in  congenital  ptosis  and  ii 
cases  of  acquired  ptosis  which  can  not  be  cured  in  any  other  way.  A 
whole  series  of  methods  of  operating  for  ptosis  has  been  propaecd,! 
circumstance  which  proves  that  no  one  of  thera  gives  perfectly  aati?- 
fsK^tnry  results.  This  can  be  reoiiily  understoml,  since,  in  fa 
physiological  action  of  a  muscle  can  not  be  perfectly  replaced  bj 
surgical  operation  whatever.  In  the  following  paragraphs  only  aofl 
of  the  most  approved  methods,  which  may  be  regarded  us  coastitotiii| 
type-forms,  will  be  described  ; 

1.  Von  fii^affc'^s  method  proposes  to  effect  the  excision  of  the  fiber» 
of  the  orbicularis.     An  incision  ts  made  in  the  skin  five  millimelrca 
above  the  border  of  the  tid  and  parallel  to  it  from  one  extremity  of  du 
lid  to  the  other;  then  the  lips  of  the  woimd  are  separated,  and  the 
of  the  orbicularis  which  are  visible  at  the  bottom  of  it  are  quite  ei 
sively  cxsected.     If  there  is  much  skin  present,  a  strip  of  this  also  u 
excised ;  then  the  wound  is  closed  again,  and  in  such  a  wav  that  Um 
sutures  include  not  only  the  lips  of  the  cutaneous  wound,  but  those  of 
the  wound  in  the  muscle  as  well,  being  passed  through  the  handle«  of] 
muscular  fibers  that  have  been  left  above  and  below  the  wonnd.     The 
effect  of  the  operation  is  supposed  to  be  twofold  :  namely,  in  the  first 
liiace,  a  weakening  of  the  orbicuhiris,  which  is  the  antagouist  of  the 
levator;  and,  in  the  second  place,  subcutaneous  contraction  of  the  till 
dno  to  the  excision  of  a  strip  of  the  muscle.    On  the  whole,  the  effect  of 
the  operation  is  usually  slight,  for  which  reason  it  is  adapted  for  only 
very  light  cases  of  ptossis. 

The  more  recent  methods  start  from  the  fact  that  persons  xrith 
jitosis  are  able  to  lift  the  lid  a  little  by  wrinkling  the  forehead,  for  l>y 
this  means  the  eyebrow  is  elevated,  and  thus  indirectly  the  ltd  i«  ol^ 
vuted  too.  It  was  thought  that  tho  elevation  of  the  lid  might  be  ren- 
dered greater  if  the  lid  was  connected  directly  with  the  fibers  of  th« 
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frontalis  muscle,  a  connection  which  is  intended  to  be  secured  by  the 
two  following  methods  : 

3,  I'nye7iiittrhcr^s  suture.  One  needle  of  a  thread  armed  with  nee- 
dk'ti  at  both  ends  ia  entered  above  the  arch  of  the  eyebrows  and  is  car- 
ried down  below  it  and  beneath  the  skin  of  the  lid  to  the  free  border  of 
the  lid,  above  which  it  is  brought  out  again.  The  second  needle  is 
jmsscd  alongside  the  first.  There  is  thus  a  loop  of  thread  lying  within 
the  lid»  the  middle  of  the  loop  being  situated  above  the  eyebrow  and 
its  two  ends  emerging  above  the  border  of  the  lid.  These  latter  are 
tied  over  a  roll  of  adhesive  plaster  and  drawn  tight.  The  threads  are 
not  removed  until  suppuration  makes  its  ajjpearance  in  the  tracks 
[made  by  the  sutures.  It  is  thought  that  in  this  way  cicatricial  hands 
[Are  formed  beneath  the  skin,  which  extend  from  the  lid  to  the  surface 
lof  the  frontalis  muscle  and  connect  these  two  structures  together  (give 
the  muscle  what  may  be  called  a  tendon  for  the  upper  lid). 

3.  The  operation  of  Punas  tries  to  secure  the  connection  between 
the  lid  and  the  frontalis  muscle  by  the  formation  of  a  pedicle  from  the 
skin  of  the  former,  which  pedicle  is  attached  to  the  skin  of  the  fore- 
head and  to  the  suifuce  of  the  muscle.  The  appended  figure  (Fig.  178) 
shows  how  the  pedicle  is  cut  out  of  the  skin  of  the  lid.  The  pedicle 
«,  which   is  defined  by   incisions 


h. 


made  about  it,  ia  dissected  from 
its  bed  until  it  is  freely  movable; 
then  a  horizontal  incision  a  is 
made  tlirough  the  skin  directly 
above  tlie  eyebrow.  Starting  both 
from  this  incision  and  from  the 
wound  already  made  below,  the 
skin  of  the  eyebrow  is  undermined 
to  such  an  extent  that  a  bridge  of 
tissue  is  formed,  beneath  which 
the  pedicle  s  is  slipped  so  that  its 
upper  margin  is  in  contact  with 
the  upper  lip  of  the  incision,  a. 
Its  attachment  to  the  latter  is  ef- 
fected by  means  of  a  loop  of  thread, 

the  center  of  which  lies  on  the  cutaneous  side  of  the  pedicle,  while  its 
extremities  b  h  are  passed  through  the  upper  lip  of  the  wound.  By 
drawing  the  loop  tight  the  pedicle  is  lifted  up  and  is  attached  to  the 
upper  border  of  the  wound.  If  necessary,  a  second  loop  may  be  ap- 
plied, and  also  some  interrupted  sutures,  to  secure  exact  adaptation  of 
the  edges. 

Panasi'a  operation  has  givpn  me  the  best  results  of  any.  Its  dtcsrription  ns 
hero  given  viiries  in  &ome  unimport^iDt  details  from  that  which  Panaü  himself 
givea.    It  may  happen  that  upon  drawing  up  the  pedicle  ectropion  ia  produced. 
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In  this  case  an  additional  loop  of  thread  must  be  applied  on  either  side,  which 
passes  above  through  the  upper  margin  of  the  wound,  as  the  other  loops  do,  but 
below  does  not  take  in  the  skin  of  the  flap  but  only  the  deeper  parts  (fatcä 
tarso-orbitalis).  When  these  additional  loops  are  drawn  up,  ectropion  will  not 
occur.  In  this  operation  there  is  no  skin  lost.  Hence,  if  it  should  be  appermt 
that  the  lid  has  been  shortened  too  much,  all  that  we  need  to  do  is  to  draw  tbe 
pedicle  less  high  up — i.  e.,  attach  it  farther  down. 

For  those  cases  in  which  the  action  of  the  levator  muscle  is  simply  weak- 
ened and  not  entirely  destroyed,  Eversbusch  has  proposed  a  method  of  opent- 
ing  which  consists  in  an  advancement  of  the  tendon  of  the  levator  so  as  to  put 
this  muscle  under  more  favorable  conditions  for  working'.  A  cutaneous  incision 
is  made  about  midway  between  the  border  of  the  lid  and  the  eyebrow,  and  pass- 
ing in  a  horizontal  direction  from  one  end  of  the  lid  to  the  other.  Starting 
from  this  incision,  the  skin  and  the  fibers  of  the  orbicularis  are  loosened  from 
their  attachments,  so  that  they  can  be  pushed  to  one  side,  and  the  upper  border 
of  the  tarsus  together  with  the  levator  can  be  exposed  to  view.  A  loop  of 
thread  is  then  passed  through  the  tendon,  the  two  ends  of  the  loop  being  cv- 
ried  down  between  the  tarsus  and  the  skin  of  the  lids  and  brought  out  in  the 
intcrmarginal  space.  If  these  ends  are  tied  there  and  drawn  taut  tbe  tendoo 
of  the  levator  is  drawn  down  by  means  of  the  loop  which  has  been  paned 
through  it.  Three  such  loops  should  be  applied— one  in  the  middle  and  ooe 
on  either  side. 


FlQ,  185. — IirsTitüUENTs  POR  tRmBCTQirr 
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Fio.  186. — iNSTBUHEirrs  fob  Fabacbntesis  and  DiscisaioN. 

a,  broad  needle  for  paracentesis.  b.  Bowman's  stop-needle. 

e,  Beer's  cataract-needle.  d,  couching-needle.    (See  page  700). 

«,  Knapp's  knife-needle,  for  discission  of  membranous  cataract.    (See  page  690). 
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Pig.  188. — Ophthalmoscopes. 

a,  b,  and  e  show  the  back  view  of  three  varieties  of  the  ordinary  form  of  ophtluJ- 
moscope.  This  latter  consists  essentially  of  two  parts,  an  anterior  and  upper  part, 
the  mirror,  and  posterior  to  this  a  revolving  disk  bearing  the  lenses.  The  mirror 
may  be  circular  and  fixed,  as  in  the  examples  here  presented  (see  d,  which  ^ow» 
the  mirror  of  e),  or  quadrangular  and  slightly  movable  about  a  vertical  axis  (tiltinf 
mirror).  In  either  case  it  contains  a  central  aperture  through  which  the  obeerrer 
looks  from  behind  the  mirror,  and  before  which  each  of  the  lenses  in  the  rotatinfr 
disk  passes  as  the  latter  revolves.  The  disk  is  revolved  by  the  pressure  of  the  finger 
on  its  milled  edge.  It  consists  either  of  a  single  piece  bearing  convex  and  concaTe 
glasses  (distinguished  by  the  signs  +  and  — ),  as  in  i ;  or  of  two  superimpoeed  disks, 
as  in  c ;  or  of  a  disk  with  a  superimposed  quadrant  (a).  In  the  compound  instru- 
ments (a  and  c)  any  glass  in  the  superimposed  disk  or  quadrant  may  be  brought 
before  the  central  aperture  simultaneously  with  any  glass  in  the  anterior  disk,  ud 
consequently  a  great  variety  of  combinations  can  be  made.  The  disks  ai«  nsoallj 
covered,  as  shown  in  b  and  c,  by  a  removable  metal  cap  ha\-ing  a  perforation  oor- 
responding  to  the  aperture  in  the  mirror. 


The  perimeter  consists  essentiallj  of  a  graduated  arc  along  whicb  the  test-object 
13  carried.  (See  page  22.)  This  arc  is  capable  of  rotiition  through  all  lucridians, 
the  rticrkJiat»  wliich  it  occupies  and  the  petition  of  the  test -object  on  the  arc  Iwing 
marked  upon  the  diagram,  which,  as  shown  on  the  left  side  of  the  cut,  is  attached 
to  the  instrument.  The  paticnl  sits  with  hi^  chin  in  tLe  chin-rest  sliding  in  the 
upright,  shown  on  the  right-band  side  of  the  cut 
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Abdiipptis,  pourw  of,  536 :  nucleus.  S38 ; 
paralvKis  nf.  .*i52, 5.58 ;  ixiratysis  of,  con- 
ppnitai.  562. 

AbtUu't inn,  540  ;  how  effected,  528 ;  meas- 
iirement  of,  535. 

Ablatio  retinal,  413. 

Ablation  of  ütMphytoma,  202;  of  zone  of 
hair-follii-les,  719. 

Ablephariii,  507. 

Abrasio  compaa,  193. 

Abscess  of  cornea,  see  Coehiu,  Abscess 
OF ;  of  lid»,  470,  504 ;  retrobulbar,  ö«.3. 
[Absolute  far-point,  620 ;  hyjwrinetrofiia, 
845 :  near-point,  620;  gcotoioa,  26;  vis- 
ual acuity.  610. 
"AooeBsnry  la«-hryma!  gland,  508, 

JlMldenls  after  teiiuitotny,  713;  in  cata- 
ract-nxtraction,  696 ;  in  discission  of 
Boft  cataract,  ft89;  in  iridectomy,  680; 
to  eye,  frequency  of,  227. 

At'caiiHnodalion,  010 :  abrogated  by  cata- 
ract-extraction, 690 ;  amount  of,  nut 
proportionate  to  the  extent  of  the  re- 
gion of  accomnnxlalion,  618;  iiinpli- 
tiide  of,  615,  ftlG,  ÖIH;  anomalies  of, 
660;  availability  of,  measured  by  the 
region  of  accommodation,  619;  changes 
of,  in  age,  622 ;  concealment  of  hyper- 
tnutropia  by,  642;  contraction  of  pupil 
associated  with,  257;  disturbance  of 
its  relations  with  convergence  causing 
insufficiency,  543 ;  little  employed  by 
myopes.  630 ;  nieasiiremeiit  of,  615, 
filfl;  mechanism  of,  613;  paralysis  of, 
m):  range  of.  615,  616,  61«;  reduces! 
in  gluucotiia  and  symfiathelic  ophthal- 
mia, fi«3;  r»«gion  of.  «15.  «16,  61«; 
relation  of,  to  convergence,  543,  620; 
relative.  619;  spa.«m  of,  663 ;  spa-sm  of, 
macropsia  in,  662  ;  spasm  of,  simulat- 


ing and  producing  myopia,  633;  tested 
with  reference  to  central  vision,  20; 
weakness  of,  after  severe  diseases. 
663. 

AocomnKMlalion  theory  of  the  produc- 
tion of  myopia.  (KiS. 

Acetate  of  lead  in  conjunctivitis,  43  ;  in 
follicular  conjunctivitis,  47. 

Acetic  acid  in  venial  catarrh.  07. 

Acne,  blepharitis  ulcerosa  regarded  as, 
480. 

Acne  rosacea,  analogy  of  chalazion  to, 
484,  485;  conjunctivitis  of,  97. 

Acquired  astigmatism,  658. 

Action  of  ocular  muscles,  535 ;  how  varj- 
ing  with  f»osition  of  the  eye,  534. 

Acuity,  visual,  60Ö;  absolute,  610;  rela- 
tive, 610. 

Adaptation  of  the  retina,  28. 

Adduction,  540;  how  effected,  528 ;  how 
mea**unHl,  535;  liow  reduced  by  tenot- 
omy of  the  intenms,  710. 

Adenoma  of  choriuid,  327 ;  of  glands  of 
the  lids,  506;  of  lachrymal  gland,  518. 

Adhesions  between  iris  and  cornea,  se« 
Synechia,  Anterior;  between  iris 
and  lens,  see  Svnkcuu,  Posterior; 
between   lids  and  eyeball,   see    Sym- 

BI.KPHAROS. 

Adneia  bulbi.  operations  uj>on,  705, 
Advancement,   707;    capsular,   712;    of 

levator  pal|>ebr»?  superioris,   736;    of 

Tenon's  capsule,  712. 
After-cataract.  699. 

After-treatment  of  eye  operations,  670. 
Age,  changes  of  accommo<lation  in.  022; 

changes  of  myopia  in.  636  ;  changes  of 

refraction  in.  624. 
.\ir,   change   of,    in  conjunctivitis   lym- 

phatica,  90;  in  anterior  chamber,  676; 


vitiated,  effect  of,  in  producing  con- 
junctival catarrh,  45. 

Albinistn,  330. 

Albinos,  luminosity  of  pupils  in,  10, 

Albuminuric  amaurosis,  409 ;  oedt;ma  of 
lids,  115,  474;  optic  neuritis,  430;  reti- 
nitis, 404,  400. 

Alcoholism  producing  hemeralopia,  440 ; 
producing  nuclear  paralysis  of  ocular 
muscles,  5Ä1 ;  producing  retrobulbar 
neuritis,  441. 

Alternating  strabismus,  564,  509. 

AIaminat«d  copper,  46. 

Amaurosis,  445;  albuminuric,  40f) ;  how 
causing  mydriasis,  307;  of  central  ori- 
gin, 440;  partialis  fugax,  440;  pro- 
duoe<l  by  quinine,  409;  urs<mic.  409. 

Amaurotic  catVeye,  322,416;  luminosity 
of  pujiil  in,  10. 

Amblyo]ria,  445;  alcoholic,  441;  con- 
gcnitul,  44(1;  ex  anopsia  (from  disuse), 
440.  671  ;  how  producing  nystagmus, 
574;  hysterical,  450;  nicotinica,  440; 
of  central  (»rtgin,  440 ;  tobacco*,  440. 

Ametropia,  625. 

Ainmon's  scleral  protuberance,  2S8, 230, 
231. 

Amotio  retina*.  413. 

Amplitiulo  of  accommodation,  615,  616, 
Ö18. 

Amyloid  degonoralion  of  oonjunotiv«, 
09. 

Anffiuiia  causing  arterial  pulsation  in 
retina,  15 ;  from  loss  of  bloo<l  produc- 
ing optic  neuritis,  436;  of  retina,  408; 
perniciou.s,  producing  retinal  hiemor- 
rhages,  406, 

Anipst  hesia  in  operations,  066 ;  produced 
by  cocaine.  2m,  06<i. 

Anatomy  of  the  ehorioid,  245;  of  the 
ciliary  body.  241,  242;  of  the  conjunc- 
tiva, 81;  of  tho  cornPB,  122;  of  the 
iris,  234;  of  the  lachrymal  organs, 
508 ;  of  the  lens.  3«1 ;  of  the  lids,  459; 
of  the  ocular  mnscU»»,  524 ;  of  the 
optic  nerve,  420;  of  the  orbit,  577:  of 
the  retina,  400;  of  the  .«H'leru,  211 ;  of 
the  uvea.  234  ;  of  the  vitreous,  ,395. 

Anel's  probe,  740 ;  syringe,  514,  740. 

Aneurisms  of  the  orbit,  502. 

Angioma  of  the  conjunctiva,  119;  of  the 
lids.  ,5a5;  of  the  orbit,  592. 

Angioma  lipomatodcs  of  the  orbit,  595. 


tartjt 


Anglo  a.  57 
244;ofti) 
visual,  inj 
Angulus  vii 
Aniridia,  31 
Anisocuria, 
Anisometra 
Ankyloblep 

726. 
Annul 
tenor  I 
toma^SSj 
Anomalieis 
cornea, 

ANuXALn 

modation 

Anophthali 

Antagoniati 
T09. 

Anlagonisti 

Anterior  d 
examinat 
669.  676 
of)eration 
390.  303 ; 
tive  act, 
337-340; 
dectomy 

Anterior  <^ 
vessels,  3 
detachmi 
cataract, 
228, 
142, 

Anthr 

Antisepsis 
cessily  oj 

Antisepiid 
blennorri 
junctivit 
of  the  o 
upjn  Ihi 
cornea,  1 

Antnun  of 

Antyllus-E 
pion,  731 

Aortic  insv 
in  retina 

Aphakia  a 
608. 

ApparoDtii 
hyperme' 
üf  the  aa 

4 


Mi 

irä^P 


INDEX. 


763 


Appearance  of  eye  with  the  ophthalmo- 
scope, 15. 

Applanatio  corneie,  143,  lUO. 

Application  of  the  ophthalmoscope,  7. 

Aquacapsulitis,  278. 

Aqueous  humor,  252;  character  of,  in 
glaucoma,  851. 

Arachnoid  sheath  of  optic  nerve,  424. 

Arch,  inferior  tarsal,  32 ;  superior  tarsal, 
82. 

Arcus  senilis  (corneaj),  122, 190,  195 ;  se- 
nilis lentisi,  379;  tarseus  inferior,  82; 
tarseiis  superior,  32. 

Area,  optical,  426. 

Argyll-Robertson  phenomenon,  261,  808, 
442. 

Argyria,  42. 

Argyrosis,  42. 

Arlt's  method  of  median  tarsorrhaphy, 
727;  method  of  performing  enuclea- 
tion, 714;  method  of  performing  te- 
notomy, 707;  modiScation  of  Gaillard's 
suture  for  entropion,  728;  ointment, 
94 ;  operation  for  trichiasis,  720,  723 ; 
test-types,  009. 

Arrangement  of  vessels  of  optic  nerve, 
14 

Arsenic  in  conjunctivitis  lymphatica, 
91. 

Arteria  centralis  corporis  vitrei,  207. 

Arteria  hyaloidca,  267. 

Arterial  pulse  in  vessels  of  optic  nerve, 
15. 

Arteries,  ciliary,  248;  retinal,  how  dis- 
tinguished from  veins,  8. 

Arterio-vcnous  aneurism  causing  ezoph- 
thalmus,  594. 

Artery,  central,  425 ;  central,  laceration 
and  compression  of,  408;  central,  of 
the  vitreous,  267;  hyaloid,  267,  895, 
397. 

Artificial  coloboma  of  lid  after  cantho- 
plasty,  725;  eye,  715,  717;  leech,  295; 
pupil,  situation  of,  in  cataract-extrac- 
tion, 084 ;  pupil,  situation  of,  in  iridec- 
tomy for  increase  of  tension,  683 ;  pu- 
l)il,  situation  of,  in  iridectomy  for  opti- 
cal purposes,  682;  pupil,  vision  with, 
085 ;  vitreous,  718. 

Asepsis  in  eye-operations,  665;  impor- 
tance of,  672. 

Aspergillus  glaucus  causing  abscess  and 
ulcer  of  cornea,  158. 
48 


Aspiration-theory  of  Weber  and  Hasner, 
611. 

Assimilation  of  visual  substances  in  ret- 
ina, 455. 

Associated  antagonist,  tenotomy  of,  709 ; 
movements,  538 ;  reaction  of  the  pupil, 
257. 

Association  centers,  528,  586;  of  ocular 
movements,  528. 

Asthenic  ulcer  of  cornea,  130. 

Asthenopia,  accommodative,  640;  hys- 
terical, 451:  in  astigmatism,  655; 
muscular,  544 ;  nervous,  451. 

Astigmatism,  650 ;  acquired,  653 ;  against 
the  rule,  652;  asthenopia  in,  655; 
cause  of,  653, 654 ;  compound  hyperme- 
tropic, 653,  655;  compound  myopic, 
'653,  655;  congenital,  653;  corneal, 
653,  654,  657;  determination  of,  653, 
655;  determination  of,  by  direct 
method,  18,  657;  hypermetropic,  653, 
655;  irregular,  654;  lenticular,  654; 
mixed,  653,  655;  myopic,  653,  655; 
objective  determination  of,  18,  657; 
physiological,  652,  654;  produced  by 
dislocation  of  the  lens,  391,  894,  654 : 
regular,  650;  simple  hypermetropic, 
653,  655;  simple  myopic,  653,  655; 
treatment  of,  654,  656;  vision  in,  651, 
655. 

Astringents  in  conjunctivitis  catorrha- 
lis  chronica,  46. 

Atheroma  of  lids,  505. 

Atheromatous  ulcers  of  the  cornea,  153. 

Atonia  sacci  lacrimalis,  513. 

Atrophia  bulbi,  323. 

Atrophic  crescent,  816 ;  excavation,  885. 

Atrophy  of  eyeball,  281,  284,  823;  enu- 
cleation for,  716. 

Atrophy  of  optic  nerve,  442 ;  descending, 
439,  442 ;  genuine,  442 ;  inflammatory, 
443 ;  neuritic,  443 ;  non-inflammatory, 
442;  primary,  442;  rctinitic,  443; 
scotoma  in,  25;  simple,  442;  simple, 
anatomy  of,  445. 

Atrophy  of  retina,  410. 

Atropine  applied  in  substance,  258,  294 ; 
diminution  of  mydriatic  eflect  pro- 
duced by  irritation  of  iris  and  inflam- 
mation of  the  cornea,  180;  employed 
in  anterior  synechia;,  153,  297;  em- 
ployed in  convergent  strabismus  duo 
to  hypermetropia,  567;  employed   in 
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Blindness,  after  blephnrospasm,  03 ;  Lliie- 
yellow,  450 ;  color,  452  ;  diiy-,  see  Nvc- 
TALoprA;  green,  452,  4<^S;  how  causing 
mydriftsiä,  307;  night-,  see  Hemeralo- 
pia;  red,  453;  rcd-grcen,  450;  snow-, 
102 ;  violet,  452. 

Blind-si>ot,  Mariotte's,  23. 

Bloodletting  in  diseases  of  the  eye,  318; 
in  iritis,  205;  in  optic  neuritis,  437; 
in  retinitis,  403  ;  in  superficial  scleri- 
tis,  213. 

Blood-vessels,  ciliary  system  of,  248  ;  con- 
junctival system  of,  34 ;  new  formation 
of,  iu  cornea,  133;  of  cborioid,  S45, 
^  248;  of  conjunctiva,  34;  of  embry- 
onic eye,  207 :  of  eye,  three  systems  of, 
248 ;  of  iris,  235,  248 ;  of  lids.  32,  406 ; 
of  optic  nerve,  14,  425;  of  orbit,  578; 
of  retina.  4U2 ;  of  sclera,  212 ;  of  uvea, 
24a 

Blue-stone,  Bluo-stick.    Sec  Copper  Scir 

PHATE. 

Blue-yellow  blindness,  456. 

Blue-yellow  visual  substance,  455. 

ßöhm's  method  of  performing  tenotomy, 
710. 

Bonnet's  capsnile,  578,  714;  discovery  of 
the  principle  of  performing  enuclea- 
tion, 714. 

Bowman's  membrane,  123;  method  of 
performing  discivion,  602 ;  sounds,  614, 
740 ;  stop-needle,  743. 

Brain-disease  as  a  cause  of  optic  neu- 
ritis. 435. 

Brawny  trachoma.  74. 

Bridgc-coloboma,  311;  colobomo,  artifi- 
cial, 686. 

Bridge,  herpetic,  87. 

Brissenu's  discovery  of  the  true  seat  of 
cataract,  389. 

Buphlhalmus.  220,  344. 

Burns  of  the  conjunctiva,  100,  102;  of 
the  cornea,  188. 

Calcareous  cataract,  877. 

Calomel  in  cicatrized  ulcers  of  the  cornea, 
150;  in  conjunctintis  lyniphatica,  00, 
03;  in  parenchymatous  keratitis,  177. 

Canal,  central,  of  the  vitreous,  250,  267, 
395;  hyaloid,  250,  207.  305;  of  Clo- 
quet,  250, 267, 305 ;  of  Petit,  203 ;  optic, 
425 ;  Scblemm's,  244. 

Canaliculus,  508;  cystoid  dilatation  of. 


510;  occlusion  of,  by  slreptothrix, 
510 ;  slitting  of,  514,  510 ;  stricture  of, 
5t0. 

Canolicuhis-knifc,  514,  740. 

Cun.alis  CKx|ucti,  207,  305;  hyaloidons, 
395;  opticus,  425. 

Cnnthal  ligaments,  462,  40.3,  4G0. 

Canthoplasty,  725;  for  acuto  blennor- 
rhceffl,  53,  720 ;  for  blepharospasm,  04, 
726;  for  entropion,  726,  720;  provis- 
ional, 725. 

Canthus  extemus,  450;  internus,  450. 

Capillary  flstulrt«,  522. 

Capsular  advancement,  712 ;  cataract, 
IJiilhological  anatomy  of,  308. 

Capsule,  anterior  of  lens,  362 ;  Bonnet's, 
578,  714 ;  of  lens,  302 ;  of  lens,  changes 
in,  after  removal  of  lens,  607 ;  of  lens 
opening  of,  in  calaract-«>xtractian,  003, 
694.  703 ;  of  Tenon,  625,  678. 

Capsule-foroeps,  704. 

Capsulo-lcnticular  cataract,  364,  377. 

Capsulotome.    See  Cystitomk. 

Carbolic  acid  in  eye-operations,  665. 

Carbun  disulphido  producing  retrobul- 
bar neuritis.  441. 

Carcinoma  of  chorioid,  327 ;  of  lachr}-mal 
gland,  518;  of  lids,  506;  of  orbit,' 503. 

Carnivora,  luminosity  of  the  pupils  in, 
10. 

Carotid,  comprescion  and  ligation  of,  for 
pulsating  cxophthalmus,  505. 

Caruncle,  34:  diiieascs  of.  120;  sinking 
in  of,  after  tenotomy,  713, 

Cntnrnct,  304;  after-,  000;  anterior  cor« 
tical,  372,  374 ;  anterior  polar,  308, 372 ; 
astigmatism  after  operation  for,  054; 
Beer's  operation  for,  701,  744;  black, 
878, 445 ;  Bris}.oau's  discovery  of  seat  of, 
380;  calcareous,  377;  capsular,  patho- 
logical anatomy  of,  308 ;  rapsulo-lcn- 
ticular,  3(54,  377 ;  complicated,  383 ; 
complicating  chorioiditis  383.  884 ; 
complicating  corneal  suppuration,  .383 ; 
complicating  detachment  of  the  retina, 
3S3;  complicating  diabetes,  882,  885; 
complicating  general  diseases,  382 ; 
complicating  glaucoma,  343,  383 ;  com- 
plicating irido-cyclitis,  282,  383  ;  com- 
plicating myopia,  383;  complicating 
retinitis  pigmentosa,  383,  384;  com- 
plicating rickets,  382;  oongenitid,  381, 
884;   cortical,  873,  374;  couching  of. 
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Cataract-prickers,  700. 

Cataract-pricking,  700. 

Catarrh,  atropine-,  263 ;  conjunctival,  see 
Conjunctivitis  catarrhalis;  follicu- 
lar, see  Conjunctivitis  follicularis; 
of  conjunctiva,  sec  Conjunctivitis  ca- 
tarrhalis; of  conjunctiva,  pustular 
fonn,  41;  of  conjunctiva,  vesicular 
form,  41 ;  vernal,  94. 

Catorrhal  conjunctivitis,  sec  Conjuncti- 
vitis CATARRHAUS ;  ulccrs  of  the  cor- 
nea, .38, 151. 

Catarrbus  siccus,  44 

CatVeye,  amaurotic,  322, 410. 

Cat's-ej-e  pupil,  687. 

Caustics,  injuries  of  the  conjunctiva  by, 
102 ;  injuries  of  the  cornea  by,  188. 

Cauterization  in  abscess  of  the  cornea, 
157 ;  in  fistula  of  the  cornea,  150 ;  in 
keralectasia},  208 ;  in  keratoconus,  209 ; 
in  ulcer  of  the  cornea,  148, 153. 

Cavernous  sinus,  thrombosis  of,  470,  584. 

Cavernous  tumor  of  the  orbit,  592. 

Cellulitis  of  the  orbit.  583. 

Centering  of  glasses,  importance  of,  604. 

Centers,  cortical,  for  ocular  movements, 
536 ;  for  ivssociatcd  movements  of  the 
eye,  528,  536;  for  movements  of  the 
ocular  muscles,  530 ;  visual,  426. 

Central  artery  (of  the  optic  nerve),  425; 
artery,  embolism  of,  407 ;  artery,  lacer- 
ation and  compression  of,  408 ;  artery 
of  the  vitreous,  267,  369;  canal  of  the 
vitreous,  250,  267;  chorioiditis,  315; 
iion-irritativo  ulcer  of  the  cornea,  151 ; 

;  ophthalmoplegia,  560;  parenchyma- 
tous inflammation  of  the  cornea,  182 ; 
scotoma,  25;  vein  of  the  optic  nerve, 
425;  vein,  thrombosis  of,  408;  vision, 
20. 

Chalazion,  48S. 

Chamber,  anterior,  243,  244;  anterior, 
air  in,  676;  anterior,  examination  of, 
3;  anterior,  hemorrhage  into,  669, 
676;  anterior,  irrigation  of,  704;  an- 
terior, luxation  of  lens  into,  890,  393 ; 
anterior,  shallowness  of,  in  accommo- 
dation. 015;  anterior,  shallowness  of, 
in  glaucoma,  337-340;  anterior,  shal- 
lowness of,  rendering  iridectomy  dif- 
ficult, 686;  anterior,  sinus  of,  244 ;  iws- 
tcrior,  243,  244. 

Change  of  accommodation  with  age,  622 ; 


of  air  in  conjunctivitis  lymphatica,  90 ; 
of  refraction  with  age,  036. 

Chemosis,  50. 

Chiasm,  425,  426. 

Children,  comparative  infreqnency  of 
corneal  ulcers  in,  150;  operations  in, 
677,  689;  watered-silk  reflex  in,  16. 

Chloral  producing  retrobulbar  neuritis, 
441. 

Chloroform  in  eye-operations,  666. 

Chloromata  of  lachrymal  gland,  518. 

Chlorosis  causing  arterial  pulsation  in 
retina,  15. 

Choked  disk,  436,  437. 

Cholesterin  in  degenerated  lenses,  377, 
881 ;  in  vitreous,  398. 

Chorio-capillaris,  245. 

Chorioid,  245 ;  adenoma  of,  327 ;  car- 
cinoma of,  327 ;  changes  of,  in  myopia, 
316;  coloboma  of,  328 ;  detachment  of, 
323;  diseases  of,  312;  functions  of, 
264;  inflammation  of,  312;  layers  of, 
245;  leuco-sarcoma  of,  326;  melano- 
sarcoma  of,  324 ;  rupture  of,  323;  sar- 
coma of,  324;  tuberculosis  of,  327; 
tumors  of,  324 ;  vessels  of,  10, 245, 248 ; 
vessels  of,  how  distinguished  from  those 
of  retina,  16. 

Chorioidal  ring,  13. 

Chorioiditis,  812 ;  anterior,  316 ;  causing 
cataract,  383 ;  causing  glaucoma,  859 ; 
centralis,  315;  diffuse,  316;  dissemi- 
nata, 315;  disseminata,  scotomata  in, 
25 ;  exudativa,  313 ;  metastatic,  320, 
321 ;  non-suppurativo,  313 ;  suppura- 
tiva, 819;  suppurativa,  diagnosis  of, 
322. 

Chorio-retinitis,  316,  409. 

Chromidrosis,  472. 

Chronic  conjunctivitis,  ct«.  Sec  Con- 
junctivitis, Chronic,  etc. 

Cicatricial  ectropion,  492 ;  ectropion,  op- 
erations for,  731 ;  entropion,  490 ;  en- 
tropion, operations  for,  729;  pter}-gi- 
um,  108. 

Cicatrix,  cctatic,  of  cornea,  140,  143 ;  of 
operation- wounds,  rupture  of,  671. 

Cicatrization,  cystoid,  218,  671. 

Cilia,  blanching  of,  in  irido-cyclitis,  277. 

Ciliary  arteries,  248 ;  body,  241 ;  body, 
changes  of,  in  glaucoma,  352;  body, 
diseases  of,  208;  body,  function  of, 
264 ;  body,  tumors  of,  803 ;  injection. 
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alles  of  the  retina,  411 ;  anomalies  of 
the  sclera,  338;  anomalies  of  the  supe- 
rior rectus,  501 ;  anomalies  of  the  vitre- 
ous, 397;  astigmatism,  653;  cataract, 
8C9,  370,  881,  384;  dislocation  of  the 
lens,  802;  opacities  of  the  cornea,  lOG; 
ptosis,  499 ;  shortness  of  the  lids,  496 ; 
tumors,  116,  501. 

Conglobated  tuberculosis  of  the  chorioid, 
827. 

Conjugate  deviation,  560,  576 ;  paralysis, 
553,  560. 

Conjunctiva,  31;  amyloid  degeneration 
of,  99:  anatomy  of,  81;  angioma  of, 
119;  blood- vessels  of,  34;  bulbi,  83; 
bums  of,  102;  cicatrices  of,  follow- 
ing bums  and  cauterization,  101,  108; 
cicatrices  of,  following  diphtheritic 
conjunctivitis,  81;  cicatrices  of,  in 
trachoma;  congenital  anomalies  of, 
116;  come»,  83;  cyst  of,  117;  der- 
moid tumor  of,  116;  diphtheria  of,  see 

COXJUNCTIVITIS     DIPHTHERITICA  ;     dis- 

cases  of,  31 ;  divisions  of,  31 ;  epithe- 
lioma of,  116,  110;  examination  of,  2; 
fibroma  of,  120;  follicles  in,  46;  for- 
nicis,  31 ;  fornix  of,  81 ;  granulations 
of,  in  diphtheritic  conjunctivitis,  84; 
granulation  tumor  of,  118;  hypcncmia 
of,  43;  inflammation  of,  see  Conjunc- 
tivitis; injuries  of,  100,  101,  103; 
lepra  nodules  of,  99;  limbus  of,  83; 
lipoma  of,  117;  lupus  of,  98;  lymphan- 
gioma of,  120;  myxoma  of,  120;  of 
the  eyeball,  83 ;  of  the  fornix,  31,  33 ; 
of  the  lids.  31 ;  of  the  region  of  tran- 
sition, 31,  33;  of  the  sclera,  S3 ;  osteo- 
ma of,  120;  palpebral,  31;  papillary 
condition  of,  36,  73 ;  papillary  hyi>or- 
trophy,  73;  papilloma  of.  118;  pem- 
phigus of,  98;  polypi  of.  118;  produc- 
ing infection  in  eye-oix;rations,  665; 
sarcoma  of,  117,  119:  scarification  of, 
in  ncutc  blcnnorrha'o,  56 ;  sclcnc,  83; 
syphilitic  inflammation  of,  98;  syphi- 
litic ulcers  of,  104;  tarsi,  31 ;  tubercu- 
losis of,  103;  tumors  of,  benign,  115, 
117-120;  tumors  of,  malignant,  116, 
117,  110,  120;  ulcers  of,  102,  104; 
xerosis  of,  111. 
Conjunctival  catarrh,  sec  Conjunctivitis 
CATAKRiiALis;  division  of  the  cornea, 
125,    126;    flap,    607,    694,    60Ö;    in- 


jection, 34,  133 ;  system  of  ressels, 
36. 

Conjunctivitis  blennorrhoica  acuta,  49; 
catarrhalis  acuta,  87 ;  catarrhalis  acuta, 
diagnosis  of,  from  iritis,  275;  catar- 
rhalis chronica,  43 ;  caused  by  acne  ro- 
sacea, 97;  caused  by  atropine,  79,  268 ; 
caused  by  bacteria,  41,  49,  82-91 ; 
caused  by  dazzling,  102;  caused  by 
diphtheria,  80;  caused  by  eye-strain, 
45;  caused  by  foreign  bodies,  45; 
caused  by  gonorrhoea,  40,  54 ;  caused 
by  hay- fever,  41 ;  caused  by  herpes 
iris,  98;  caused  by  infection  during 
birth,  56 ;  caused  by  inverted  cilia,  45 ; 
caused  by  imtant  liquids  and  vapors, 
102 ;  caused  by  lachrymal  diseases,  45 ; 
caused  by  lepra,  98 ;  caused  by  measles, 
97;  caused  by  pityriasis,  98;  caused 
by  psoriasis,  98;  caused  by  scrofula, 
85,  89 ;  caused  by  syphilis,  98 ;  caused 
by  variola,  97 ;  caused  Ibj  vitiated  air, 
45:  chronic,  48;  crouposa,  47;  croupo- 
sa,  not  a  diphtheritic  process,  88,  84 : 
diphtheritica,  80;  diphtheritica,  ulcers 
of  cornea  in,  151 ;  eczematosa,  01 ;  ox 
acne  rosacea.  97,  151 ;  exantheroatica, 
91,  97;  follicularis,  46;  follicularis, 
produced  by  atropine,  79,  268;  fol- 
licularis, relation  of,  to  trachoma,  78; 
gonorrhoica,  49;  granulosa,  78;  lym- 
phatica,  bacteria  in,  91 ;  lymphatica, 
course  and  prognosis.  88 ;  lymphatica, 
diagnosis  of,  92;  lymphatica,  etiology 
of,  89,  01 ;  lymphatica,  identity  of, 
with  keratitis  phlyctaenulosa,  91 ;  lym- 
phatica, pannus  in,  87, 92 ;  lymphatica, 
symptoms  of,  85,  93 ;  lymphatica,  syn- 
onyms of,  91 ;  lymphatica,  treatment 
of,  00,  08,  94;  lymphatica,  ulcers  of 
cornea  in,  151 ;  membranacea,  47 ;  me- 
tastatic gonorrhocal,  54;  phlycta»nu- 
losa,  85,  91 ;  pustulosa,  91 ;  scrofulosa, 
85 ;  simplex,  40 ;  trachomatosa,  58 ;  va- 
riolous, 97. 

Consensual  reaction  of  the  pupils,  201. 

Constant  strabismus,  564 

Contagion,  how  effected  in  acute  blen- 
norrhoea.  54;  contagiosity  of  acute 
blcnnorrha'A,  52, 54 ;  of  acute  catarrhal 
conjunctivitis,  41 ;  of  trachoma,  67, 71, 
73. 

Contraction,  concentric,  of  visual  field, 
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24 ;  of  pupil,  govcmetl  by  oculomotor 
nerve,  250, 

Contraction-furrows  of  iris,  238. 

Contracture  of  antagonists  in  paralysis 
of  the  ocular  muscles,  551. 

Contusion  of  the  eye,  223, 588 ;  pro<luc- 
ing  paralysis  of  accommodation,  061." 

Conus,  816. 

Convergence,  capacity  for,  liow  tested, 
54Ö ;  contraction  of  pupil  associated 
with,  257. 

Convergence-theory  of  the  production  of 
myopia,  639. 

Convergent  sc^uint,  564.  565,  707. 

Conversion  of  old  numbers  of  glasses  into 
new,  603. 

Convex  cylindrical  lens,  600;  lenses  for 
the  correction  of  hypermetropia,  17; 
lenses,  properties  of,  598. 

Copiopia  hysterica,  451. 

Copper  aluminated  in  conjunctival  ca- 
tarrh, 40 ;  sulphate  in  chronic  Mennor- 
rhd'a,  53;  sulphate  in  trachoma,  68; 
sulphate  in  vernal  catarrh,  07. 

Co(inille  glasses,  600,  001. 
Corectopia,  310. 

Cori'lysis,  298. 

Cornea,  122;  abscess  of,  characters  of. 
130, 154, 159;  abscess  of,  etiology,  15C ; 
alwccss  of,  glaucomatous,  150 ;  abscos 
of,  paracentesis  for,  670;    abscess  of, 
pnignosis,  150;  abscess  of,  symptoms 
and  course,  154,  155;  abscess  of,  treat- 
nirnt,  157,  160,  679;  affections  vt,  in 
uculo  blcnnorrha'a,  51;  affect  ions  of, 
in  acute  catarrhal  conjunctivitis,  3.S; 
affect  miis  of,  in  chronic  calarrlial  con- 
junctivitis, 45;  affections  of,  in  ct>ii-  | 
junctivitis  lymi)hatica,  86,  87;  «ffcc- 
tiiins  of,  in  ghaicoma,  153,  347,  3r)] ; 
affections  of,  in  irido-cydifis,  2^3;  af- 
fecliuiis  of.  in  trachoma,  01,  69,157; 
anatuniy  of,  122:  annular  abscess  of, 
51:    atilcrior  epithelium  of,   123;   as- 
thenic ulcer  of.  139;  atheromatous  ul- 
wTuf,  l,"i;{;  bleniuirrlKcal  ulcer  of.  151 ; 
burns  of,  IRS;  catarrhal  uWrs  <,f.  .■J!-'. 
151;    central    n..n-irritative  ulcr-r  of,  I 
tÄl;  central  paremliyinatous  iiifiltra-  I 
tion  ,.f,   1S2:  chan-es  in,  producing'! 
hyjvrmotiopia,  «14;  changes  in.  pn.-  ] 
duv-inj;  myopia,    629;    cleansed  ulcer' 
v>f.  iJtS»  131»;    cloudiness  of,  in  glau-  ! 


coma,  847,  8.>1 ;  coated  ulcer  of,  12-:. 
138;  collapse  of,  127,  C7G;  congen:;*: 
anomalies  of,  190,  210;  eonjiinctiva  '.. 
83;  conjuuctiTal  i>ortion  of,  12."i.  lii"; 
curvature  of,  how  tested,  126 ;  dep.  >:•« 
upon,  in  cyclitis,   372,  276;  diffuv.  : 
through,   126;    diseasoä   of,   122:  •<.- 
turbanc«  of  nutrition    of,   proJucl:.; 
ulcers,  145;  divisions  of.  125.  126:  i-- 
tasia;  of,  197 ;  cctasitc  of.  causin;:  jrlau- 
coma,  359;  endothelium  of.  125;  ij:- 
thelium  of,  123,  125  ;  erosions  of.  l'^?, 
erosion  of,  recurrent,  171,  187;  eve-- 
ness  of,  how  tested,  127;  cxaminati  r, 
of,  2, 126;  facet  of,  139,  190;  fistula/. 
144, 149;  fistula  of,  causing  glane-iiLiL 
359;  fistula  of,    irideotoniy  for,  iS^i. 
686;   fistula  of,    trout  men  t.   149,  Csi. 
686;  flattening  of,  143  ;  foreign  biiJ:... 
in,  185;  foul  ulcer  of,  126,  13S;  g!u;i- 
comatous  onlema  of,    347,  351 ;  gla-j- 
comatous  ulcer  of,  l.'>3:  herpetic  nl.-i 
of,  152;  infiltrated  ulcer  of,  126, 1> 
infiltration  of,  in  conjunctivitis  ly:L- 
phatica,    87;    inflnniination    of,    mi 
Kkratitis;  injuries  of,  180:   injur;' 
of,  by  bums  and  cau.sties.  188 :  injur:-.'« 
of,  slight,  producing  abscess,  15«:  lay- 
ers   of,   123;    lynipli-.«:ystem    of,   124: 
marginal  ulcer   of,    152;    method  <■{ 
infection  in  acute    blcnnorrha-a.  M: 
nerves  of,  125;  nutrition   of.  how  if- 
fected,  126,  257;  a-doina   of,  in  pJai;- 
coma,    347,    351;    opacities    of.    JS!': 
opacities  of,  band-shn{><Ml.   191:  op.ioi- 
ties  of,  cause  of  disturliance  of  vision 
in,  191:  0{)acities  of,  eong-cnital.  ]W>: 
opacities  of,  ghisses  for,  194;  opaeitie* 
of,   inflammatory,    189;    o{vacities  \i. 
iridectomy  for,  194;  opacities  of,  nut- 
amorphoses  in,  195;  opacities  of.  nr-zi- 
inflammatory,  190;  o[>acitios  of,  pre>- 
ure-,  191:  opacities  of,  stcnop.Tic  Ai: 
for,    191;   ojiacities  of,  tracliomat-.ni-'. 
06 :  opacities  of,  treatment,  IWi:  ofuto:- 
ties  of.  varieties,  194,  195;  opacities  ff. 
zi>ntilar,  190,  195;   [mnnous  ulcer  of, 
157:  i>aracentesis  of,  678;  paracentt'^is 
of.  how  favoring  tissuc-metauiorphofi« 
in  the  eye,  255;  paracentesis  of,  indi- 
cations  for,  148.  407,  679.  G>i9;   jwr- 
foralion  of,  140,  148;  p«>lish  of  surface, 
examination  of,  127 ;  posterior  epithe- 
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Hum,  125;  progressive  ulcer  of,  126, 
188 ;  rcgrossire  ulcer  of,  126,  139 ;  ro- 
dent ulcer  of,  152;  rupture  of,  223; 
scleral  portion  of,  125,  126;  scraping 
of,  for  opacities,  103 ;  scrofulous  infil- 
trates of,  185;  sensitiveness  of,  how 
tested,  8,  128;  serpiginous  ulcer  of, 
138;  shape  of,  122,  126;  size  and 
form  of,  122,  126;  solutions  of  con- 
tinuity in,  186:  staphyloma  of,  197; 
staphyloma  of,  ablation,  203,  203; 
staphyloma    of,     consequences,    1991 

;  staphyloma  of,  enucleation  for,  208, 
717 ;  staphyloma  of,  excision,  202, 203 ; 
staphyloma  of,  incision,  201,  203; 
staphyloma  of,  increase  of  tension  in, 
200,  205;  staphyloma  of,  iridectomy 
for,  203,  683;  staphyloma  of,  morbid 
anatomy,  204;  staphyloma  of,  treat- 
ment, 201,  683,  717;  stroma  of,  123; 
structure  of,  123;  tattooing  of,  104; 
torpid  ulcer  of,  139;  trachomatous 
ulcer  of,  151;  transparency  of,  128; 
transplantation  of,  193 ;  traumatic  ul- 
cer of,  151,  159;  traumatism  of,  see 
Cornea,  Injuries  of  ;  tumors  of,  210 ; 
ulcer  of,  138 ;  ulcer  of,  cicatrization  of, 
139;  ulcer  of,  clinical  signs,  130;  ul- 
cer of,  course,  138, 139 ;  ulcer  of,  eti- 
ology, 145, 151 ;  ulcer  of,  nature,  129, 
130;  ulcer  of,  perforation  in,  140 ;  ulcer 
of,  prognosis,  150;  ulcer  of,  regener- 
ation, 134, 139,  142;  ulcer  of,  sequelae, 
139-141,143-145;  ulcer  of,  stages,  138, 
139 ;  ulcer  of,  symptoms,  138, 139 ;  ul- 
cer of,  treatment,  146,  150,  153,  154 ; 
ulcer  of,  varieties,  45,  61,  86, 126,  138, 
139,  151-153, 157,  159 ;  uveal  portion 
of,  125,  126;  vascularization  of,  132; 
vesicles  of,  sec  Keratitis  with  the 
Formation  op  Vesicles. 

Corneal  astigmatism,  653,  654.  657:  flap- 
extmction,  694 ;  incisions,  667 ;  reflex, 
examination  of,  3. 

Comeitis,  (see  Keratitis);  scrofulosa, 
180. 

Corona  ciliaris,  241. 

Corpus  vitrcum,  395. 

Corpuscles  of  the  cornea,  124. 

Coriection  of  astigmatism,  654,  656;  of 
hypermctropia  by  a  convex  lens,  17; 
of  insuflHciency,  544,  708;  of  myopia 
by  a  concave  lens,  17;   of  paralytic 


strabismus,  653.  700;  of  presbyopia, 
623 ;  of  squint,  667,  707. 

Corrosive  sublimate  in  diseases  of  the 
eye,  48,  53,  58 ;  in  eye-operations,  665. 

Cortex  of  lens,  361. 

Cortical  cataract,  872,  874;  centers  for 
the  ocular  movements,  636 ;  paralyses 
of  the  ocular  muscles,  553,  560. 

Coryza  producing  blennorrhoea  of  the 
lachrymal  sac,  512. 

Cosmetic  enucleation,  717. 

Couching,  700. 

Couching-needle,  743. 

Counter-puncture  and  puncture,  situa- 
tion of,  in  cataract-extraction,  603, 
694,  702. 

Cmb's  eyes  inserted  into  the  eye,  101. 

Credo's  method  of  prophylaxis  of  blen- 
norrhoea neonatorum,  57. 

Crescent,  atrophic,  816;  below  the  pa- 
pilla, 318. 

Crossed  diplopia,  530. 

Croupous  conjunctivitis,  47. 

Crusta  lactea,  469. 

Cryptophthalmus,  507. 

Crypts  of  the  iris,  233,  237. 

Crystalline  body,  crystalline  lens.  See 
Lens,  Crystalline, 

Crystalline  swelling  of  Soemering,  698. 

Curvature  of  the  cornea,  how  tested, 
126. 

Curved  incisions,  667;  incisions  in  cata- 
ract-operations, 703. 

Cutaneous  diseases  accompanied  by  con- 
junctivitis, 97,  08;  diseases,  classifica- 
tion of  blepharitis  as,  480;  diseases  of 
lids,  468,  471,  472;  horns  on  lids,  505. 

Cyelitic  shell,  281. 

Cyclitis,  272  (see  also  iRrris  and  Irido- 
cyclitis); diagnosis  from  iritis,  274; 
simple,  275 ;  symptoms  of,  272. 

Cycloplcgia.  Sec  Ciliary  uuscle,  Pa- 
ralysis OF. 

Cylindrical  lens,  600. 

Cylindromata  of  lachrymal  gland,  518; 
of  orbit,  595. 

Cysts,  dermoid,  of  conjunctiva,  117;  of 
iris,  302,  303;  of  lids,  505;  of  orbit, 
591,  593. 

Cystic  cataract,  880. 

Cysticercus  in  anterior  chamber.  304 ;  in 
conjunctiva,  1 18 ;  in  vitreous,  897, 899 ; 
operations  for,  415,  680. 
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Cjstitomc,  703,  744. 

Cjstoid  cicatrization,  218,  671. 

Docryoadenitis,  518. 

Dacryocystitis,  517,  521;  blennorrhoica, 
610;  catarrhalis,  619;  phlegmonosa, 
510. 

Dacryops,  518. 

Daltonism,  452. 

Darkening  of  room  not  necessary  after 
operations,  C7G. 

Dariel's  discovery  of  the  method  of  cata- 
ract-extraction, 701;  scoop,  484,  674, 
084,  692,  694,  744, 

Dazzling,  cause  of,  in  opacities  of  the 
cornea,  196 ;  producing  conjunctivitis, 
102 ;  producing  retinitis,  410. 

Decussation  of  the  optic  nerve,  426, 
420. 

Deep  forms  of  keratitis,  172;  keratitis 
in  irido-cyclitis,  184;  scrofulous  infil- 
trates of  the  cornea,  185. 

Degeneration,  glaucomatous,  340,  342; 
of  cataractous  lenses,  377;  of  corneal 
opacities,  195 ;  pigmentary,  of  retina, 
410. 

Delirium  after  eye-operations,  677. 

Deposits  on  cornea,  272,  276,  277. 

Depressio  Cataracta),  700. 

Depression  of  cataract,  700 ;  of  eye,  how 
effected,  528. 

Dermic  graft  for  ectropion,  733. 

Dermoid  cysts  of  lids,  505;  tumors  of 
conjunctiva  and  cornea,  116,  210. 

Descemet  itis.  278. 

Desccniotocdo,  1-10. 

DeüC(Mni't's  momV)rnne,  l25. 

Descending  atrophy  of  the  optic  nerve, 
4;]9.  442 ;  neuritis,  430,  437. 

Desmarre's  elevators  (or  lid-retractors), 
2.  660,  737;  cntropion-forceps,  738. 

Detachment  of  the  chorioid,  323  ;  of  the 
retina,  413;  of  the  retina,  sclerotomy 
in,  080;  of  the  retina,  scotoma  in,  25. 

Determination  of  astigmatism,  18,  655; 
of  field  of  vision,  21 ;  of  hypermetro- 
pia,  041 :  of  iusufUciency,  546;  of  myo- 
pia, 626;  of  presbyopia,  624;  of  refrac- 
tion, 10,  G26.  611.  65.5. 

Development  of  the  eye,  264. 

Deviation,  conjugate,  560,  570;  of  eye 
behind  a  .'^creen,  542 ;  of  squinting  eye, 
measurement  of,  563,    572;    primary 


and  seoondarj,  in  concomitant  sqoinL 
663;  primary  and  secondary,  in  para- 
lytic squint,  548. 

De  Wecker's  capsular  advancement,  713; 
method  of  cataract  -  extraction,  694 : 
method  of  performing  iridotomj,  687: 
Bcissors-forceps,  687,  742. 

Diabetic  cataract,  883,  885 ;  iritis,  S87: 
paralysis  of  the  accommodation,  6M: 
retinitis,  404 ;  retrobulbar  nenriti», 
441. 

Diachylon -ointment  in  eczema  of  the 
lids.  470. 

Diagnostic  table  of  the  paralyses  of  the 
ocular  muscles,  555. 

Diaphoretics  in  detachment  of  the  reti- 
na, 414;  in  iritis,  295;  in  opacities  of 
the  vitreous,  396;  in  optic  neuritis, 
437 ;  in  retinitis,  405,  412 ;  in  supe^ 
flcial  scleritis,  218. 

Diaphragm,  action  of  iris  as  a,  256. 

Diathesis,  scrofulous,  agency  in  the  pro- 
duction of  conjunctivitis  lymphatica, 
80. 

Dieffenbach's  blepharoplasty,  732 ;  meth- 
od of  tenotomy,  710. 

Differentiation,  minimum  of,  28. 

Diffuse  chorioiditis,  31G ;  trachoma,  74 

Diffusion  circles,  610. 

Dilaceratio  cataractas,  690. 

Dilaceration,  600. 

Dilatation  of  cavities  adjoining  orbit, 
505;  of  pupil,  governed  by  sympa- 
thetic, 256;  of  lachrymal  strictures, 
514,  520. 

Dilator  pupillir,  237,  239. 

Dioptre,  509,  602. 

Diphtheria,  confluent,  81 ;  en  plaqufK 
81 ;  of  the  conjunctiva,  80 ;  partial 
81. 

Diphtheritic  paralysis  of  the  accommo- 
dation, 660,  663;  paralysis  of  the  ocu- 
lar muscles,  554. 

Diplopia,  binocular,  530 ;  character  of. 
in  paralytic  squmt,  550,  558  ;  crosso.!. 
5.30 ;  developing  after  tenotomy.  571 : 
hetcnmymous,  530;  homonymous,  530: 
in  strabismus,  564;  monocular,  533, 
541 ;  tabular  view  of,  in  paralysis,  558 ; 
vertical,  531 ;  with  difference  of  level, 
.Wl ;  with  obliquity,  531. 

Direc-t  method  of  examination  with  the 
ophthalmoscope,  6 ;  vision,  20. 
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Disassimilation  of  visual  substances  in 
retina,  455. 

Discissio  Cataracta;,  G88. 

Discission,  Bowman's  method  of,  602 ;  of 
membranous  cataract,  690 ;  of  soft  cat- 
aract, 688,  691. 

Discission-ncedle,  688, 743 ;  employed  for 
capsulotomy,  703 ;  employed  in  simple 
linear  extraction,  692. 

Disease,  Basedow's,  589,  590;  Graves's, 
500. 

Diseases  of  the  chorioid,  312;  of  the 
ciliary  body,  268 ;  of  the  conjunctiva, 
31 ;  of  the  cornea,  122 ;  of  the  iris,  268 ; 
of  the  lachrymal  passages,  508 ;  of  the 
lens,  361 ;  of  the  lids.  450 ;  of  the  ocular 
muscles,  497,  524 ;  of  the  optic  nerve, 
420 ;  of  the  orbit,  577 ;  of  the  retina, 
400;  of  the  sclera,  211;  of  the  uvea, 
234 ;  of  the  vitreous,  305. 

Dislocation  of  the  eyeball,  570,  586 ;  of 
the  lens,  380 ;  of  the  lens  in  cataract- 
extraction,  697. 

Dispersing  lens,  598. 

Displacement  of  cataract,  700;  of  the 
zone  of  hair-follicles,  720 ;  parallactic, 
11. 

Disseminated  chorioiditis,  315;  sclerosis 
producing  optio-nerve  atrophy,  442; 
tuberculosis  of  the  chorioid,  827. 

Dissemination  of  trachoma,  72. 

Distichiasis,  487,  488;  operations  for, 
719. 

Disturbances  of  motility  of  the  eye,  524 

Divergent  squint,  504,  566;  squint,  op- 
eration for,  708. 

Division  of  strictures  of  the  nasal  duct, 
521. 

Donders's  schematic  eye,  606 ;  theory  of 
glaucoma,  330;  work  in  refraction, 
597. 

Double  images,  in  ocular  paralysis,  table 
of,  558 ;  pupil,  produced  in  iridectomy, 
686;  pupil,  vision  with,  541. 

Dressing  in  eye-operations,  606,  676. 

Dropsy  of  lachrymal  sac,  513 ;  of  maxil- 
lary and  frontal  sinuses,  506. 

Duboisiue,  263. 

Duct,  lachrymal,  500 :  nasal,  500. 

Ductus  lacrimalis,  500. 

Dural  sheath  of  optic  nerve,  423. 

Dynamic  squint,  543, 

Dyslexia,  451. 


^cartcurs,  606. 

Ecchymoma  subconjunctivals,  114. 

Ecchymoses  of  conjunctiva,  114;  of  lids, 
602, 504. 

Ectasias,  lymphatic,  115 ;  of  cornea,  107 ; 
of  sclera,  227. 

Ectatic  cicatrix  of  cornea,  140,  143. 

Ectogenous  infection. in  abscess  of  cor- 
nea, 150;  in  suppurative  chorioiditis, 
820. 

Ectopia  lentis,  802;  pupilUe,  310. 

Ectropion,  400;  cicatriceum,  492;  cica- 
tricial, 402,  731;  how  developed  in 
trachoma,  65 ;  in  conjnnctivitb  catar- 
rhalis  chronica,  44;  luxurians,  401; 
operations  for,  730 ;  paralytic,  492, 731 ; 
paralyticum,  492;  sarcomatosum,  75, 
491 ;  senile,  492, 730, 731 ;  spastic,  491 ; 
tarsorrhaphy  for,  727. 

Effect  of  squint-operation,  how  gauged, 
705;  of  tenotomy,  how  diminished, 
712 ;  of  tenotomy,  how  increased,  711. 

Elffloresccnccs  of  conjunctivitis  lymphat- 
ica,  85,  86. 

Egyptian  ophthalmia,  67,  71. 

Electric  light  producing  conjunctivitis, 
102 ;  producing  retinitis,  410. 

Electricity  in  essential  blepharospasm, 
501 ;  in  optic-nerve  atrophy,  443 ;  in 
paralysis  of  the  ocular  muscles,  555; 
in  paralysis  of  the  orbicularis,  402 ;  in 
retinitis  pigmentosa,  412. 

Electrolysis  in  trichiasis,  487 ;  in  tumors 
of  the  orbit,  520 ;  in  ulcers  of  the  cor- 
nea, 154. 

Electromagnet  for  removing  foreign  bod- 
ies, 221,  227,  741. 

Elephantiasis  of  lids,  472. 

Elevation  of  eye,  how  effected.  528. 

Elevators,  666;  Desmarro's,  2.  666,  737. 

Embolism  of  central  arter}'.  406. 

Embryology  of  eye,  234,  204. 

Emmctropia,  605;  character  of  ciliary 
muscle  in,  636. 

Emphysema  of  lids  in  fracture,  503 ;  of 
orbital  tissues,  587;  subconjunctival, 
115. 

Empyema  of  the  frontal  and  maxillary 
sinuses,  506. 

Encanthis  benigna,  121 ;  maligna,  121. 

Encephaloccle  of  orbit,  503. 

Enchondroma  of  lids,  506. 

Endogenous  Infection  in  abooeti  of  cor- 
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nea,  157;  in  suppurative  Chorioiditis, 
830. 

Endothelioma  of  orbit,  51)5. 

Endothelium  of  cornea,  125;  of  lymph- 
piissugcs  of  tlie  eye,  258. 

Engorgcnient  neuritis,  437. 

Enophthnhnus,  581 ;  tmmniiticus,  581. 

Entn>iiii)n,  488:  canthopliisty  for,  726, 
720 ;  cicfttriccum,  490 ;  cicatrifial,  490, 
720;  how  developed  in  Irachom«,  65; 
operations  for,  726,  728,  729 ;  organi- 
ciiin,  480 ;  spastic,  4d3,  726 ;  spasticum, 
488. 

Entropion-forceps,  7.W. 

Enijclcntion,  7ia,  710;  nnipsthesia  in, 
6C0;  dangerous  in  panophthalniilLs 
822 ;  indications  for,  171,  221,  222.  29«. 
303,  .'i21,  323,  326.  32S,  356,  360,  803. 
417,  5!)j,  710;  instruments  for,  739; 
methwl  of  |>erfonning  in  case  of  ma- 
lignant growths,  710;  not  an  absolute 
prcventjvü  of  sympatiietic  ophthtUeuia, 
208 ;  primary,  710 ;  secondary,  710. 

Epicanthu^  507. 

Epidermis  -j-nift  for  ectropion,  733. 

Epilating-forocps,  480,  738. 

Epilation  in  blepharitis  ulcerosa,  480, 
481 ;  in  trichiasis,  487. 

Epii'bora,  511,  522. 

Kjiisi-lenil  lissup,  J3,  212. 

Episcleritis,  212. 

Epithelioma  of  conjunctiva,  116,  110;  uf 
lids,  500. 

Epithelitim,  anterior,  of  cornea,  123; 
pigment-,  247 ;  jwaterior  of  cornea,  135, 

Equator  of  lens,  301. 

Equatorial  suxphyloma  of  enlcro,  238, 
230. 

Equilibrating  opemlton.  710. 

Equiiibriiun  of  ocular  muscles,  543 ;  test 
for  insiidlciency,  546. 

Erect  image,  examination  with.  0. 

Erosions  of  comcA,  171,  187. 

Errors  of  refractiou  and  accuramodation, 
507. 

Eryt^ipelas  of  lids,  468,  478. 

Krytliropsia,  704. 

Eserino,  «elion  of,  250  (see  also  Miot- 
ics); in  anterior  syn«x:hiip,  297 :  in  fis- 
tula of  pornea,  149;  in  glaucoma,  342, 
356;  in  {«iraiysis  of  nc<v)mmodation, 
001 ;  in  ulcer  of  cornea,  153. 

F!sophuritt.  543,  709. 


Essential  blepharaspann,  #8.  W; 
phtbiäia,  860. 

Ether  in  oye-opcrationd,  666» 

ExTrsbuach's  opcrat  ion  Cor  plcdo,  "M. 

Eversion  of  border  of  Hd,  478,  480:  d 
lids,  necessity  of,  iu  exatoiaing  py*.  .^ 
of  puncto.  478,  510. 

Evisceration  of  eyo,  322,  71  8L 

Exacerbation,  cveum^,  in  couJQDCliTttai 
cntarrhalis,  88 :  rnorntng,  ID  ect^iaMtf 
tivitis  lyinptmticji,  88, 

Examination,  gcncml,  nf  1 ;  i>i- 

jeclivo,  of  eyes,  1 ;  of  .  ■.  h»-: 

bcr,  3;  of  conjunctiva,  2;  «>f  ouniai, 
2,  126;  of  corneal  reflex.  2  ;  of  tjttmli 
1 ;  of  field  of  vUion.  SI ;  of  iti«,I:  <rf 
lens,  3. 373 ;  of  liils^  1  ;  uf  malifl|;mn. 
29  ;  of  refmcting  mcfltn,  II ;  of  rtfnc- 
tion,  16.  C20,  G41,  655;  of  f^n^a\'- 
ncss  of  eye.  3 ;  of  tension,  4.  . " 
erect  image.  0.  10;  with  jn.  ,.  .  ... 
nge.  7,  19;  with  ophliia!tik<>^    j^^  4. 

E.xanihomutous  conjunctivjii*.  87. 

Excavution,  13:  atrophic.  8^  ;  ^la!R«io- 
atous,  333.  834  :  partial,  SSS;  pbT^o- 
logical,  13,  334 :  total,  18.  83S. 

Exci^iiou  of  prolapsed  ins,  149,  OH;  d 
staphyloma  of  cornea,  203.  908. 

Excursion-range  of  eye  in  squint.  STl 

Excursions  of  eyelmll.  how  mmmtrHl^Sft 

Exontenitio  bulbi.  718:  <•■ 

Excritt'ration  of  eyeball,  ;: 
bit.  714,  718. 

Exertion  avoided  after  op.  rr  i;-  ■'%• 
076, 

Exoi)horia,  543,  709. 

Exophtlialmomctcr,  581. 

Exophthalmus,  579 ;  after  U'n"»' 
clmracter  of,  in  tumors  of  <■; 
444;  due  to  dilatation  i>t  fr<   i    <        I 
maxillary  sinuses,  505  ;  <Iae  i-  ■  r  ['   - 
soma.  587;  due  to  oculomotor  pomu;^- 
sis,  B.*>2;  pulsating.  594. 

Exostosis  cburnea,  595. 

Experin»ent,  Uering's,  530; 
541. 

Exposure  to  ftir,  eifoct  of,  in 
conjuuctivifLs,  45. 

Extent  of  field  of  vision,  28. 

External    cnntbal    ligarornt,    403, 
canthns,  459;  oommisanre,  450; 
ation-wonnd,  073:  rectu«,  boo 
E.\ti;rnal. 
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Extemi,  Insnfflciency  of,  543. 

Extirpatio  bulbi,  714. 

Extirpation  of  ejeball,  714 ;  of  lachrjinal 
sac,  516. 

Extractio  Cataracta),  692. 

Extraction  of  cataract,  see  Cataeact-ex- 
TRACTiox ;  of  dislocated  lens,  898. 

Extravasation  of  blood  into  orbit,  686 ; 
of  blood,  sabcoujanctival,  118. 

Extrinsic  muscles  of  eye,  624 

Exudate,  chorioidal,  distinguished  from 
Atrophic  spots,  815;  gelatinous,  in  an- 
terior chamber,  276 ;  into  vitreous,  in 
oyclitis,  274;  lenticular,  in  anterior 
chamber,  276;  spongy,  in  anterior 
chamber,  276. 

Eye,  appearance  of,  after  cataract-extrac- 
tion, 697;  artificial,  715,  717;  develop- 
ment of,  264 ;  healthy,  enucleation  of, 
when  required,  717;  hygiene  of,  in 
conjunctivitis,  40;  hygiene  of,  in  iri- 
tis, 295;  hygiene  of,  in  myopia,  634, 
638;  injuries  of,  summarized,  588; 
lymph-passages  of,  250;  nutrition  of, 
252 ;  objective  examination  of,  1 ;  op- 
tical properties  of,  605 ;  position  of,  in 
orbit,  570 ;  reduced,  605 ;  refraction  of, 
605 ;  schematic,  005. 

Eyeball,  atrophy  of,  281,  284,  716;  axes 
of,  526 ;  conjunctiva  of,  33 ;  contusions 
of,  223,  588;  dislocation  of,  579,  586; 
ectasia  of,  sec  Sclera,  Staphyloma  of, 
and  CoaxEA,  Stapbtloiia  of  ;  elonga- 
tion of,  in  myopia,  631,  635;  enuclea- 
tion of,  713;  evisceration  of,  322,  718; 
examination  of,  1 ;  exenteration  of, 
822,  718 ;  extirpation  of,  714 ;  foreign 
bodies  in,  219,  225-227 ;  general  rules 
for  operation  upon,  666 ;  hiemorrhage 
from,  670,  717;  injuries  of,  216,  223, 
688,  716;  luxation  of,  579,  586;  moist- 
ening of,  effected  by  various  agencies, 
510 ;  operations  upon,  678 ;  phthisis  of, 
320,  323 ;  rupture  of,  223 ;  shape  of,  in 
hypcrmetropia,  646 ;  shape  of,  in  my- 
opia, 631 ;  tumors  of,  causing  glau- 
coma, 859;  tumors  of,  necessitating 
enucleation,  716. 

Eye-stones,  inserted  into  the  eye,  101. 

Eye-water.    Sea  Collybium. 

Facet  of  cornea,  139, 190. 
Facultative  hypermetropia,  044. 


Falling  bodies.  Ilering's  test  with,  589. 

False  image,  632;  orientation,  in  para- 
lytic squint,  549. 

Par-point,  615;  determination  of,  619; 
in  hypermetropia,  641,  648;  recession 
of,  in  old  age,  624;  virtual,  in  hyper- 
metropia, 641. 

Far-sight,  640. 

Fascia  of  ocular  muscles,  533;  of  orbit, 
578:  of  Tenon,  525;  tarso-orbitalis, 
57a 

Fascicular  keratitis,  86,  87;  paralyses  of 
the  ocular  muscles,  653,  561. 

Fasciculus,  vascular,  86. 

Fibroma  of  the  conjunctiva,  120;  of  lids, 
506. 

Fibroma  molluscum  of  lids,  505. 

Field  of  fixation,  536 ;  of  vision,  determi- 
nation of,  21,  682,  684;  of  vision,  ex- 
tent of,  23, 27;  of  vision  for  colors,  27 ; 
of  vision  in  detachment  of  the  retina, 
413;  of  vision  in  glaucoma,  25,  834; 
of  vision  in  retinitis  pigmentosa,  410 ; 
of  vision,  necessity  of  determining  in 
opacities  of  refracting  media,  682, 684 ; 
of  vision,  pathological  alterations  of, 
24  (see  also  Scotoma  and  IIemiopia); 
of  vision,  projection  of,  22. 

Filamentous  keratitis,  171. 

Filaria  oculi  humani,  899. 

Filtration-oodema,  115. 

Fingers  as  a  test  for  vision,  609. 

Fissure,  foetal  ocular,  266. 

Fistula,  capillary,  522;  lachrymal,  517, 
522 ;  of  cornea,  144,  149,  583,  586. 

Fixation,  field  of,  536. 

Fixation-forceps,  667,  787. 

Fixed  corpuscles  of  the  cornea,  124 ;  sco- 
tomata,  26. 

Flap,  conjunctival,  667,  694,  695. 

Flap-extraction  of  cataract,  693. 

Flap-incisibns,  667. 

Flap-operation  for  cicatricial  ectropion, 
732 ;  for  tricliiasis,  724. 

Flarcr's  operation  for  trichiasis,  719. 

Fluid  cataract,  376. 

Focal  distance,  principal,  599,  603;  illu- 
mination, 2. 

Focus,  principal,  599 ;  virtual,  599. 

Foetal  ocular  fissure,  266. 

Fold,  semilunar,  34.  See  Plica  semilu- 
naris. 

Follicles  in  the  conjunctiva,  46. 
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Folliciilnr  mtftrrh,  46. 
Forceps,  flxiition,  667. 
Foreign  IkkUcs  in  tho  cornea,  185:  in  tlie 

eye.  210,  52.V227:  in  the  ritrcous,  807; 

sclerotomy  for.  080. 
Foroipi-bofly   hook,    741 ;    needle,  186, 

741. 
Fornix  conjunctiva»,  31. 
Förstcr's  operation  for  rifjening  cataract, 

C84;  perimeter,  22;  pbot*inietcr,  28. 
Fo-ii«»  patellari.',   305;    sacci   lacrimalis, 

S08. 
Foul  ulcer  of  cornea,  130. 
Fourth  nerve,  cotirsc  and  nucleus  of,  537 ; 

paralysis  of,  552,  558. 
Fovea  centralis,  15,  400-403. 
Fmtt tire  of  base  of  skull,  ccchymosis  of 

liil)*  in,  504;  of  bones  of  oi'bit,  587. 
Franklin  glasses,  C04. 
Fricke's  blcpharoplosty,  732. 
Frontal  axis  of  eye,  526;  «nus,  dilatation 

of,  595. 
Fuchs's  method  of  turaorrhnphy,  736. 
Fultninnting  glaucoma,  840. 
Functional  causes  of  insufliciency,  548 ; 

testing,  20. 
Fundus  oculi,  appearnnoo  of,  with  oph- 

Ihalmoscopc,  8.  13,  15 ;  changes  of,  in 

myopia,  632,  036;  measurement  of  de- 

pression.s  and  projections  of,  18 ;  tesael* 

latcd,  10,  Sl.'i. 
Fungi,  rnrious  species  causing  abscess 

and  ulcer  of  cornea,  158. 
Funnel,  muscular.  5'24:  vascular.  8. 
Fusiuii  of  double  iniuges,  540. 

Qaillard's  suture  for  entropion,  728. 

Galvano-cautcry  in  conjunctivitis  lynn- 
phatica,  90;  in  corneal  ulcers,  148, 
153;  in  exenteration  of  orbit.  710;  in 
vasfular  tumors  of  lids.  ."iOö. 

Gaullhoria  oil  in  rheuinalic  iritis,  206. 

Oelntinons  exudate  into  anterior  cham- 
ber, 270. 

Qclsemine,  263. 

Genuine  atrophy  of  oplio  nerve,  442. 

Germans  prcdisposwl  to  myopia,  638. 

Gerontoxon  (cornea»),  122;  lentis,  370. 

Glands,  llcnle's.  3ft;  Krause*?.  31 ;  lach- 
rvmal,  508;  Meibomian,  405;  mucous, 
of  Waldeycr,  31,465,510;  of  Moll, 468: 
of  Zeiss,  43. 

Clandula  lacrimalis,  508i. 


Glasses,  298  («ee    also    Ivint<(>:   bifooL 
604;    centering    ot,    i-  MM; 

cylindrical,  000  ;  for  r-    .  ::.  0)1, 

G>'i5 ;  for  correcttun  of  vision  in  dislon- 
tion  of  lens,  3£>4  ;  for  hypennrtiopk 
how  prescribed,  047  ;  for  njyoprs.  rolo 
governing  their  prescript iun.  6S3:  f* 
opacities  of  tlio  c»ornrA,  1Ü4;  f or  itiv 
bismus,  567;  Fmiiklin.  004:  hyps' 
bolic,  in  keraCocouus,  910 ;  pctlwopt. 
000;  prescriptions  for,  bow  wriUi«. 
050;  prbmatif,  601  ;  prolectiT«;  Ji 
COO,  OOl;  spheric»!.  000;  stenofBx. 
001 ;  strength  of,  how  (letensiaed, 
603;  strength  of,  how  Tnrying  wi'h 
distance  from  eye,  (104  :  theory  of.  Sfc. 

Glaucoma,  332:  absolutum.  ^iO;  tim>- 
Intum,  enuclontion  for.  716;  ae«l». 
337;  anatomy  of,  S.11  ;  attack  of.  SK: 
atropine  in.  baneful  notion  of.  S^SCl; 
cataract  iii,  343,  383 ;  cause  of  incnasr 
of  tension  in,  340  ;  changes  of  cfli 
body  in,  3.52;  changes  of  comnt 
153,  347,  351;  changes  of  iris  ia, 
85 1 ;  changes  of  lens  in.  343,  SSI,  SSI; 
changes  of  optic  nerve  in.  88S.  SI 
352;  changes  of  uvea  in.  S51 ;  cbarae- 
ter  of  aqueous  in.  351 ;  cilUrj  bodj  ia, 
352 ;  cornea,  cloudiness  of,  in,  847« SSI; 
cornea,  ulcer  and  abscoes  of,  ia,  ISt; 
cause  of,  330;  diagnosis  of,  US!,  OS: 
cscrine  in,  204,  341,  342,  890;  islMofi 
of,  338,  349;  evolutum.  ass  :  i^mra- 
tion  of  optic  nerve  in,  Hftld 

of  vision   in,  25,  334;  y 

334:  fulminans,  .340;   general 
erations,  332;  hicmorrhago  aft 
doctomy   in,  357;   hemorrhagic,  8!®, 
070;  hn?morrhngictim,  350;  hinmry  <^f, 
our  knowledge  concerning,  334 ;   iro« 
portanoe  of  diagnosis  of,  384  :  incroa« 
of  tension  in,  cause  of,  349 ;  inflamma* 
torium,33T:  inflamniatorium  acutom, 
337;  inflammntorium  chronicum,  S40j 
inflammatory,  337, 840;  ii  '" 
its  relations  to  glanoom.i 
iridectomy  in.  358,  355.  :iZ>V.  CisJ:  iri 
dertomy  in,   difTlcultles  of.  333.  857. 
CHfl;  iris  changes  of,  in,  847.  851 ;  lens 
in,  852;    mali;;num,    855;    inedicbial 
treatment  of.  .^50:  miotic*  in,  S<t4i^l 
342,  356;  mydriatics  in,  264^  »41, 
(sdcma  of  cornea  ond  iris  in,  84T;  efh^ 
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thalmoscopic  appearances  in,  335,  348 ; 
pain  in,  842,  847 ;  pilocarpine  in,  264, 
856;  pathological  anatomy  of,  851; 
posterior  sclerotomy  in,  680;  primary, 
337;  prodromal  stage  of,  837;  pulsa- 
tion of  retinal  vessels  in,  15 ;  relations 
of,  to  hypermetropia  and  myopia,  686; 
sclerotomy  in,  356,  670;  scotoma  in, 
25;  secondary,  858 ;  simplex,  843;  sim- 
plex, efficacy  of  iridectomy  in,  855, 858 ; 
simplex,  its  relations  to  inflammatory 
glaucoma,  345  ;  simplex,  sclerotomy 
in,  679 ;  stages  of,  387 ;  symptoms  of, 
887,  341,  844;  theories  of,  846;  treat- 
ment of,  353,  856;  visual  acuity  in, 
333. 

Glaucomatous  attack,  888 ;  cataract,  348 : 
degeneration,  840,  843;  excavation, 
882,335. 

Glioma  retinae,  416. 

Gonococci  producing  acute  blennorrhoea, 
49. 

Qonorrhoeal  conjunctivitis,  see  Blekjtob- 
Rn(XA  ACUTA  adultorum;  iritis,  287; 
ophthalmia,  see  Blenxorbhola.  acuta 

ADULTORUM. 

Graft,  dermic,  for  ectropion,  733 ;  epider- 
mic, for  ectropion,  738. 

Granular  conjunctivitis,  see  Trachoma  ; 
form  of  trachoma,  60,  78;  lids,  see 
Trachoma. 

Granulations  of  conjunctiva  after  diph- 
theritic conjunctivitis,  84 ;  of  conjunc- 
tiva occurring  in  various  diseases,  79 ; 
of  conjunctiva,  ordinary  (=  papillary 
form  of  trachoma),  73 ;  trachomatous, 
73. 

Granulation-tumor  of  conjunctiva,  118. 

Granuloma  of  iris.  305,  806. 

Graves's  disease,  500. 

Green-blindness,  452. 

Green  cataract,  889. 

Groping  test,  549. 

Haemophthalmus,  217,  222. 

Iliemorrhage  into  anterior  chamber,  222, 
669,  676 ;  into  orbit,  586, 588 ;  into  ret- 
ina, 405,  406;  into  vitreous,  222,  808; 
intra-ocular,  enucleation  for,  717;  in- 
tra-ocular,  from  {«erforation  of  cornea, 
144 ;  intra-ocular  in  glaucoma,  357. 

Ilasmorrhagic  glaucoma,  259,  679;  reti- 
nitis, 405. 


Hand  used  for  testing  field  of  vision,  21. 

Hard  cataract,  877. 

Hasner's  valve,  511. 

Ilay-fever,  41. 

Head,  oblique  position  of,  in  concomi- 
tant squint,  678 ;  oblique  position  of, 
in  paralytic  squint,  551 ;  of  optic  nerve, 
14,  422. 

Healing  after  operations,  670;  irregular, 
670. 

Helmholtz's  discovery'of  the  cause  of  the 
darkness  of  the  pupil,  10;  discovery 
of  oblique  illumination,  2;  discovery 
of  the  ophthalmoscope,  4;  ophthal- 
mometer, 657 ;  theory  of  color-percep- 
tion, 452. 

Hemeralopia,  447;  in  cataract,  365;  in 
retinitis  pigmentosa,  410. 

Hemianopia,  428. 

Hemiopia,  428,  431. 

Hemiopic  pupillary  reaction,  433. 

Henle's  glands,  36. 

Hering's  experiment  with  falling  bod- 
ies, 539;  theory  of  color-perception, 
455. 

Hernia  cerebri,  593 ;  of  iris,  see  Iris,  Pro- 
lapse OF. 

Herpes  conjunctivip,  73,  91 ;  come«,  171 ; 
comeffi  febrilis,  152,  169,  171 ;  comeie 
of  Stellwag,  171 ;  comciB  zoster,  152, 
169;  febrilis  comeie,  152,  169,  171; 
zoster  comeas,  152, 160 ;  zoster  of  lids, 
468,  471;  zoster  ophthalmicus,  169, 
468. 

Herpetic  bridge,  87. 

Heteronymous  diplopia,  530. 

Heurteloup's  artificial  leech,  205. 

Himly's  operation  for  Symblepharon,  111. 

Hippus,  308. 

Histology.    See  Microscopic  Anatomy. 

History  of  cataract-operations,  609;  of 
our  knowledge  about  cataract,  388 ;  of 
our  knowledge  about  glaucoma,  834; 
of  our  knowledge  about  trachoma,  71. 

Holmgren's  worsted  test  for  color-blind- 
ness, 457. 

Homatropinc,  263 ;  producing  glaucoma, 
342. 

Homonymous  diplopia,  530;  hemiopia, 
428 ;  muscle,  tenotomy  of,  709. 

Honey-cysts  of  orbit,  593. 

Hook,  foreign  -  body,  741;  Reisinger's, 
697;  St'dillot's,  737;   sharp,  for  cap- 
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Indirect  method  of  ophthalmoscopy,  6; 
vision,  20. 

Infarcts  of  Meibomian  glands,  484. 

Infection,  ectogenous,  156,  820;  endoge- 
nous, 157,  820. 

Infectious  character  of  trachoma,  C7,  71, 
72. 

Inferior  lachrymal  gland,  508;  oblique, 
see  Oblique,  Inferior  ;  rectus,  see  Rec- 
ti, Inferior;  tarsal  arch,  82. 

Infiltrated  ulcer  of  cornea,  130. 

Infiltration  in  keratitis,  128. 

Inflammation  of  chorioid,  see  Chori- 
oiditis ;  of  ciliary  body,  see  Cycutis  ; 
of  conjunctiva,  see  Conjunctivitis  ;  of 
cornea,  see  Keratitis,  Cornea,  Ab- 
scess OF,  and  Cornea,  Ulcer  op;  of 
iris,  see  Iritis  and  Irido-cyclitis  ;  of 
lids,  see  Blepharitis  ;  of  optic  nerve, 
see  Neuritis,  Optic  ;  of  orbit,  see  Or- 
bit, Cellulitis  of  ;  of  retina,  see  Reti- 
nitis ;  of  sclera,  see  Scleritis  ;  of  uvea, 
see  Iritis,  Irido-cyclitis,  Cyclftis, 
and  Chorioiditis  ;  pathology  of,  illus- 
trated by  the  morbid  anatomy  of  kera- 
titis, 134. 

Inflammatory  atrophy  of  optic  nerve, 
443;  glaucoma,  387;  oedema,  114,  472, 
478. 

Influenza  producing  retrobulbar  neuri- 
tis, 439. 

Injection,  ciliary,  36, 183 ;  circumcomeal, 
36 ;  conjunctival,  84, 133 ;  pericorneal, 
36. 

Injuries  of  conjunctiva,  100 ;  of  cornea, 
185 ;  of  eye,  216  et  seq.,  223,  588,  716 ; 
of  eye,  enucleation  for,  716;  of  eye, 
frequency  of,  227 ;  of  eye,  summary  of, 
588 ;  of  iris,  209 ;  of  lids,  503 ;  of  orbit, 
580;  of  retina,  410. 

Insertion  of  recti  muscles,  538. 

Instruments,  disinfection  of,  065;  for 
cataract-extraction,  744 ;  for  discission, 
743  ;  for  ectropion  -  oi)orations,  738  ; 
for  entropion-operations,  738 ;  for  enu- 
cleation, 739 ;  for  extraction  of  foreign 
bodies.  741 ;  for  iridectomy  and  iridot- 
omy,  742;  for  keeping  eye  open  and 
in  place,  737 ;  for  lachrymal  stricture, 
740;  for  operations  upon  lachrymal 
apparatus.  740;  for  operations  upon 
lens,  7W,  744 ;  for  operations  upon  lids, 
738 ;  for  operations  upon  muscles,  730 ; 
40 


for  paracentesis,  743 ;  for  ptosis-opera- 
tions,  788 ;  for  squint-operations,  730 ; 
for  tattooing  cornea,  741 ;  for  tenotomy, 
T30 ;  for  trichiosis-operations,  738. 

InsuiBciency  of  eztemi,  543 ;  of  intemi, 
548;  of  intemi,  producing  myopia, 
638;  of  ocular  muscles,  542 ;  operation 
for,  708;  vertical,  548. 

Intercalary  staphyloma,  231. 

Intermittent  strabismus,  570,  576. 

Internal  canthal  ligament,  462, 466;  can- 
thus,  450 ;  operation-wound,  672 ;  rec- 
tus, see  Recti,  Internal. 

Intemi,  insuflSciency  of,  543,  033. 

Interpalpebral  spot,  84 ;  zone,  467. 

Intervaginal  space,  250,  423. 

Intracranial  paralyses  of  ocular  muscles, 
558,  560 ;  section  of  optic  nerve,  425. 

Intra-ocular  division  of  optic  nerve,  420 ; 
pressure,  253. 

Intrapoduncular  paralysis,  561. 

Intrascleral  division  of  optic  nerve,  420. 

Intrinsic  muscles  of  eye,  524 

Introversion  of  iris,  800,  802. 

Invaginations,  lateral,  of  ocular  muscles, 
525,  678. 

Inversion  of  zone  of  hair-follicles,  723. 

Inverted  image,  determination  of  refrac- 
tion with,  10;  image,  examination 
with,  6;  image,  parallactic  displace- 
ment with,  18. 

Iodides  and  iodine  in  chorioiditis  exuda- 
tiva, 315 ;  in  conjunctivitis  lymphatica, 
01;  in  deep  scleritis,  215;  in  detach- 
ment of  retina,  414;  in  iritis,  206;  in 
opacities  of  vitreous,  306;  in  optic- 
nerve  atrophy,  443 ;  in  optic  neuritis, 
437;  in  parenchymatous  keratitis,  177; 
in  retinitis,  405,  412 ;  in  scleritis,  213, 
215;  in  syphilitic  paralyses  of  ocular 
muscles,  554;  in  syphilitic  periostitis 
of  orbit,  583;  in  tobacco-arablyopia, 
440. 

Iodoform  in  abscess  of  cornea,  157;  in 
tuberculous  conjunctivitis,  103  ;  in  ul- 
cers of  cornea,  147,  153 ;  in  wounds  of 
cornea,  188. 

lodoform-gauze  in  enucleation,  715;  in 
operation  for  orbital  periostitis,  583. 

Iridectomy,  680 ;  accidents  in,  686 ;  astig- 
matism after,  654;  contra-indications 
for,  682 ;  difficulties  in  porlomutiuw  of, 
853, 357, 680 ;  for  corneal  op» 
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081 :  for  dislocntion  of  lens,  803.  8M; 

for  colatic  prolapse  of  iris,  149;  for 
flotilla  of  corni'a,  140;  for  f7laiKv>Tna, 
353.  088;  for  hyilrophlhalmua.  358; 
for  increase  of  tension,  353,  358,  083; 
for  irido-<jhoriüidiiis,  398;  for  iritis, 
205;  for  kfrateclasio,  208;  for  kera- 
titis veiii^ulosa,  170;  for  lamellar  uato- 
raot,  871 J  for  occlusio  pupillip,  297: 
for  optical  piir|>o8cs,  C81,  684;  for 
»dcrilis,  215;  for  scdujio  pupiliip,  297, 
206;  for  sf4ipliyloinft  of  cornea,  203; 
for  to(al  postorji>r  synechia,  297 ;  hicni- 
orrhi4jc  after,  in  glaucoma,  357 ;  how 
provrnting  prolapse  of  iris  in  opera- 
ti"«",  075;  in  cutnrnrjt-extraction,  083, 
«94.  702,  703;  indications  for,  149,  170, 
194,  803,  808,  215,  205,  297,  298.  353, 
8A8.  871,  893,  394,  681.  083,  004.  702, 
708 ;  injury  of  iris  and  lens  in,  686 ;  in 
wlcral- flap  extraction  of  cataract,  604, 
702,  7(W;  iridwliolysis  in,  080;  pro- 
lapse of  vitreous  in,  087. 

Iridci'lomy-forcops,  743. 

Iridutlomy-scissor«,  742. 

Iridcrcmia,  310  ;  traumatica,  800. 

Irido-chorioiditis,  812;  chronica.  287; 
chronica,  iridectomy  in,  298  ;  plastica, 
319;  serosa,  318;  suppurativa.  310. 

Irido-cycliti.s208  (sec  also  iRrris);  after 
cataracl-cxlrnclion,  099.  703 :  after  dc- 
projaion  of  catanul.  700;  after  discis- 
»ion.  089;  after  keratitis,  145;  after 
operations  upon  eyo,  672;  causing 
glaucoma,  859 ;  course  and  termina- 
tion, 379;  enucleation  for.  716;  eti- 
ology of,  285 ;  morbid  anatomy  of,  277, 
883;  plastic,  278;  purulent.  145,278; 
secondary.  291 ;  serou«,  278 ;  sym- 
pnthica,  289,  292;  symptoms,  268  et 
teq, 

Iridodialysis,  299,  306;  in  iridectomy, 
686:  Hpontaneous,  288, 

Iridolonesis.  234,  238. 
IridoU^my.  087. 
Iridotomy-sci^'so".  C87,  742. 
Iris.  284 ;  a<'tiun  of,  as  a  dinphmgm,  250 ; 
anfttoniy  of.  234;  atrophy  of,  in  iritis, 
of(o  283;  coloboma  of,  830;  color  of, 
288. 239 ;  congenital  anomalies  of,  300 ; 
cuntrwtiou-fiirrows  of.  238;  crypts  of, 
285  237;   cysts  of,  802;   diseases  of, 
acs';  disorders  of  motility  of,  800  ;  ex- 


amination of«  3 ;  tonigtt 
804,  683 ;  fornuition  of  §^f»  ta.  81; 
great  circle  of,  285 ;  henia  a(  m 
Iri9,  Prolap?;«  ur;  fajpcoRM  < 
208:  incnrceration  of,  in  oonia!  em 
trices,  1 00 ;  incorcemtion  <4,  ia  cfo» 
tion-vounde.  668,  COO;  inflannsätay 
(edema  of.  in  ^lAUcoma,  847;  njasim 
of,  288,  200  :  introTcrsion  of,  SBQ,  88: 
laccratiou  of,  300 ;  lopro  of,  806 ;  ka« 
circle  of,  235  ;  limiting  n>embwi< 
237 :  meLanotnm  of,  306  ;  n>o<rtMdckMfB 
of,  in  glaucoma,  351,  852; 
of,  in  leuoocjthjetmia  and 
cocy t  hvm  in,  305 ;  non-t  ubercnlar  wA- 
nlcs  of.  305 ;  p«»ar]-er5ls  o^  MS;  |<r> 
mcnt  layer  of,  237.  289:  lirolf  rf 
141,  068:  prolftpso  of,  eril  cooseqwMM 
of.  609 ;  prolapse  of.  how  arertn!  by 
iridectomy.  675  ;  prolapse  of,  bo«  da^ 
nosticated,  668;  proUpse  of,  how  «^ 
curring,  674;  proiapra  of.  ttftmai, 
148,675;  protrusion  of,  in  irtÜ«,fB: 
radiating  lacerations  of,  aOO;  rtfO^ 
tion  of,  in  operation»,  aee<«aity  *C 
668;  retinal  pigment -layer  ot,  ST. 
239;  sarcoma  of.  303.  806;  «pbiaeCff 
of,  235 ;  stroma  of,  235 ;  tubereoko» 
of.  302,  304.  305;  tumors  of,  aOS;  ta- 
mors  of,  differential  dia^osii^  M; 
tumors  of,  iridectomy  for,  Ö88L 

Iritis,  208  (sec  also  iRiuo-CTcLrrt»);  aft« 
ojierations  apon  eye,  2S8,  BTi;  atropky 
of  iris  in,  280,  283;  cuDdrlonutcai, 
292;  diabetica.  887;  dia^oaa  cC 
from  conjunctivitis,  273;  diagaoiiid^ 
from  cyclitis.  274;  dingnosia  of  Inm 
glaucoma.  273;  etiology  of,  265;  fOh 
orrhoica.  287;  gummosa,  286t,  tH: 
idiopathica,  287 ;  in  acuto  conjuoeti- 
Tit  is,  88;  in  acute  infevtiou»  diaaaiai. 
287;  in  keratitis.  133;  papuloofe,  M, 
292 :  primary,  285  ■  recurrent,  itUte- 
tomy  in,  683 ;  recurrent,  not  dcpcntkot 
u{H)n  presence  of  cyncclii».  379 ;  rikce» 
roatica,  280;  scrofulosa,  880;  fvoooii* 
ary.  201 ;  scroea,  287  ;    •  '..  »?>, 

287  (sec  Cyclitis);  syinj  .  2«e; 

syphilitic.  285.  292:  traanaalic«, 
treatment.  20-1;  tuberoulosK,  28& 

Iron  in  conjunctivitis  lymplmUoa»  01 1 
Ecleritis,  215. 

Irregular  astigmatism,  654 ;  h^aÜng,  ( 
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Irrigation  of  anterior  chainlier,  704. 

Irritauta  for  clearing  opwities  of  cornea, 
103;  for  clearing  up  ulcers  of  corneti, 
150;  for  keratilid  profunda,  IS2;  for 
parenchymatous  lceratiti!>,  177. 

IrriUtion,  sympathetic,  288,  292. 

Jaculison'a  method  of  cataract-extrac- 
tion, 703. 

\  Jaeschc'soperotion  for  trichiasis.  720. 723. 
;  Jägers  horn-plate,  719,  TiS;  test-types, 
'  608,  COO. 

I  Jiigor,  Eilnnrd.  his  method  of  cutantct- 
j  extract k»n,  704. 

Javtil    and    SchiStz's    i>phthaJraonieter, 
I  0.17,  748. 

I      Jequirity  ophthalmia,  70;  treatment  of 
ponnus,  1,  00.  80. 

Kews,  especially  prono   to  suffer  from 
trachoma,   06;    predisposed  to  glau- 
coma, 341. 
'emtoctasia,  207 ;  e  pnnno,  00,  207 ;  ex 
ulcere,  140,  143,  207. 
Kemliti»,    121^;    bullosa,    170;    centralis 
I  annularis,  170;   clinical  diagnosis  of, 

^^L  131,  135;  complications  of,  13^1;  deep, 
^P  1?2,  182,  184:  dcndritica,  152,  100; 
dii^osis  of,  131,  135;  dilTusu,  172;  e 
liigophthalmo,  ICl,  165,  167,  168 ;  fas- 
cieiilans,  86, 151 ;  filamentous,  171 ;  fcc- 
tol,  190 ;  general  features  of,  128 ;  hypo- 
pyon-, 159;  implication  of  neighbor- 
ing organs  in,  133;  interstitialis,  172; 
inarginolis,  185;  neuropnralvtica,  164- 
^_  168;  non-suppurative,  120;  purenohym- 
^^ft  ato^a,  172;  parenchymatosu  circum- 
^^  scripta,  182;  parenchymatous,  173; 
puronchymiitous,  complications  of,  175, 
fiaronchymatous,  etiology  of,  175,  180, 
181 ;  pnrench}'matous,  morbid  anat/O- 
my  of,  178;  parenchymatous,  progno- 
sis of.  17Ö  ;  parenchymatous,  symptoms 
of,  178;  imrenchymatous,  treatment  of. 
177;  phlyctenular,  see  Coxjpkcti vitts 
LvsiPHATicA  ;  profunda,  172,  179,  182: 
punctata.  277  ;  punctata  profunda,  170; 
punctata  siiperflcialis,  171 ;  punctata 
syj)hilitica,  170;  rlieumatica,  182;  scle- 
rosing, 182;  scrofuloso,  181 ;  springing 
from  jwsterior  surfocc  of  cornea,  183 ; 
BtHgcs  of,  128;  sulxlivisions  of.  137: 
Bubjective  symptoms  of,  184;  suppu- 


rative, 129;   symptoms.  134  (see  also 

the  varieties) ;   syphilitica,  181 ;  trau- 

nmtic  striped,  184;  vascularization  of 

cornea  in,  132,  137;  yesiculosa,  170; 

with  formation  of  vesicles,  168 ;  xoro- 

lica.  166,  168. 
Keratocelc,  140,  140,  807. 
Keratoconus,  208.  210. 
Keratoglobus,  209. 
Kenitomalacio,  163,  165,  167,  168. 
Keratonyxis.  688,  091. 
Keratoscope,  Plocido's,  658. 
Keratoscopy.  19,  657. 
Knapp'»  blephuroslttl,  710,  738;   cysti- 

toinr,    744 ;    foreign-body    hook,   741 ; 

knife-nccdie,  690,  743;  operation  for 

Symblepharon,  111;  thread-operation, 

712. 
Knics  and  Weber's  theory  of  glaucoma, 

350. 
Knife,  Beer's  701,  744;  lance-,  678,  680, 

692,  742 :  lance-,  concave,  of  Weber, 

704,  744;  linear,  of  Von  Ornefe,  702, 

744;  Sülling'.s,  521,  740. 
Knifc-nee<lle,  Knapp'.s,  690,  743. 
Krause's  glands,  31,  510. 
Knchler's  method  of  catanict-oxtraction, 

704. 
Kuhnl's  ojiemtion    for  ectropion,  731 ; 

operation  for  Symblepharon,  111. 

Lachrymal  duct,  600;  duct,  sounding  of, 
514,  520;  duct,  stricture  of,  512;  fis- 
tula, 517,  522 ;  gland,  anatomy  of,  508 ; 
ginnd,  atrophy  of,  518;  gland,  cystoid 
dilnt4ition  of,  518;  gland,  inHumma- 
tion  of,  518;  gland,  tumors  of.  518; 
organ.s  anatomy  of,  508;  organs,  dis- 
eases of,  508;  papillip,  508;  passages, 
608;  sac,  508;  sac,  a  source  of  infec- 
tion in  cyc-opcrations,  665  ;  sac,  blcn- 
norhoca  of,  511,  510;  .«sac,  destniction 
of,  for  bIcnnorrhoEJi,  515  ;  sac,  extirpa- 
tion of,  516.  0C6;  snc,  obliteration  of, 
516;  sac,  tulwrcuiosis  of,  520;  secre- 
tion, 510;  sounds,  514. 

Lachrymation,  absence  of,  523;  oxcesB- 
ive,  522 :  marked,  in  oonjunctiTitls  lym- 
phatica,  88. 

Lugnpbthjilmus,  494;  tarsorrhaphy  for, 
496.  727. 

Lamellar  cataract,  870,  878 ;  paracen- 
tef.is  for,  371,  088. 
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Lamina  cribrosA,  420,  422;  vitreo,  247. 

Laminar  cataract,  370. 

Lance-knife,  742 ;  concave,  of  Weber,  704, 
7 14 ;  for  iridectomy,  680 ;  for  jiamcpn- 
tesis  of  cornea,  €78 ;  for  simple  linear 
extraction,  698. 

Lnntcrn-tests  for  color-sense,  457. 

Lnpides  cancrorum,  101. 

Lapis  disMuus,  46. 

Latent  hyperme tropin,  643 ;  squint,  543. 

Lateral  hemiopia,  428;  illumination,  2; 
invaginations  of  ocular  muscles,  525, 
578,  711 ;  tarsorrhaphy,  726. 

Layers  of  chorioiil,  245 ;  of  cornea.  128 ; 
of  retina,  400;  of  secondary  ophthal- 
mic vesicle,  205. 

Lead  acetate  in  catarrhal  conjunctivitis, 
43;  acetate  in  follicular  conjunctivitis, 
47;  incrustation,  43;  poisoning,  pro- 
ducing rctro-bulbar  neuritis,  4.30,  441. 

Lebruu's  method  of  catarait-cxtniclion, 
704. 

Leecli,  artificial,  205. 

Leeches  in  acute  blennorrhoca,  53 ;  see 
also  J}LOODLerru(u. 

Lens,  see  also  Guasscs;  bifocal,  604; 
collecting,  508;  concave  cylindrical, 
601 ;  concave,  for  correction  of  myo- 
pia, 16;  concave,  properties  of,  HQH; 
concavo-convex,  600;  convex  cylindri- 
cal, 600;  convex,  for  correction  of  hy- 
pcrmetropia,  17;  convexo-concave, 
000;  convex,  propertic»  of,  598;  crys- 
tallina, 361 ;  crystalline,  anatomy  of, 
Ö61;  crystalline,  capsule  of,  302; 
crystalline,  changes  in  capsule  after 
cataract-extraction,  697;  crystalline, 
changes  in,  producing  hjpermelropi«, 
644;  crystalline,  change»  in,  pnxluc- 
ing  myopia,  629;  crystalline,  changes 
of  [XJsition  in,  389;  crystalline,  changes 
of  shnp*}  in  accommodation.  015 ;  cr)"s- 
Inllidc,  cortex  of,  301 ;  orystalline,  dis- 
location of,  389 ;  crystalline,  examina- 
tion of,  3;  crystftUine,  excessive  swell- 
ing of,  after  discission,  089;  crystal- 
line, expulsion  of.  in  catarnct-extrnc- 
tvon,  694:  crysUlIinc.  histology  of. 
802;  crystalline,  inflammation  of,  not 
existing.  368 ;  crystalline,  in  glaucomn, 
So2;  crystolliito,  injuries  of.  .'{83.  886; 
crystalline,  injury  and  swelling  of, 
causing  glaucoma,  350,  680 ;  crystal- 


line, luxation  of,   144,  SM,  100,  •;. 

crysuUine,  nuclear  zone  of,  SSt;  aj¥ 

talline,  nucleus  of,  361,  S78;  rtnul^ 

line,  nutrition   of,   how  elTct^esl.  SS. 

255;  crystalliue,  opn. 

BACT ;  crystalline,  su  i 

654;  crystalliae,  swciliiiitf  .  f.  a 

matic  cataract  and  disj'-i«>ion.  V.*'! 

cylindrical,  600;  dlsj 

distance  of,  50J)  ;   ii  u 

602;    periscnpic,    Ö<>0 ;     y 

600 ;    piano  -  convex,     COu  . 

600;    strength     of,     how    dct 

603;   strength    of,    varying   wii- 

lauce  from  cje,  604. 

Lens-capsule,  362  ;  after  cat 
lion,  697;  discission  of,  in  «fit 
racts,  691,699;  extraction  of,  with  I 
096;    opening:  of.    in    catjttact'«stiae- 
tion.  692,  694,  703;   -  »oir  »i- 

traction  of,  in  after-t..  •;9StW' 

Lens-star,  302. 

Lcnticonus,  394. 

Lenticular  ostigniatistn,  <LVI ;  el 
anterior  chamU-r,  270;  r\'flcx»< 

Leoiitiasis  ossea,  ÖK4, 

Lej)ra  of  conjunctiva,  OS ;  of  irfat  90flL 

Lcptothris  buccalis  causing  atMcM  it 
cornea,  158. 

LeucocythiL'mic  retinitis,  404 ;  tamoo«! 
orbit,  595. 

Leucoma  adha>n-n9.  142. 

Leucosarcoma  of  chorioid,  SJSft. 

Levator  palpebnf  su|K)nuri5,  403 ;  naai- 
ysis  of.  49»,  501. 

[jice  causing  conjunctivitis  Ijrniphalack, 
94 ;  in  eyebrows,  481. 

Lids,  absciss  of,  470,  .'504 ;  adonofiw  ri, 
506 ;  anatomy  of,  45.U :  nn^oraa  «L 
505;  anninulies  of  pnsitinn  and 
nectiin,  480;  atheroma  of.  ßc 
buncie  of,  470;  earcinoiuu  nf,  5C 
oboraa  o(,  506;  congenital  hIi« 
of,  496;  conjunctival  portion  ot,' 
cutaneous  horn»  in,  505 ;  ratonmiit 
jKirlion  of,  405  :  cysts  of.  ."»OS ;  dcmiotd 
cysts  of,  505;  diseases  of.  4.59;  ditnun 
of  mnw'les  of,  497:  distorlio« 
trachonm.  64;  ecchymos«^  of, ; 
eczema  of,  469,  472 ;  elephant 
472;  emphysema  of,  in  frartur«,'! 
cnchondroma  of.  500 :  ■   .^  „^ 

606;  crysipchis  of,  468.  .hulj. 


INDEX. 


773 


tion  of,  1 ;  exanthemata  of,  468 ;  fibroma 
of,  506;  flbroraa  molluscum  of,  505;  fur- 
uncle of,  470,  474 ;  glands  of,  31,  36, 
463,  465 ;  glands  of,  diseases  of,  481 ; 
granular,  73;  herpes  zoster  of,  468, 
471 ;  hypeneraia  of  border  of,  475 ;  in- 
flammation of  borders  of,  475,  476; 
inflammation  of  skin  of,  468;  injuries 
of,  502 ;  lipoma  of,  506 ;  lousiness  of, 
481 ;  lupus  of,  471 ;  lymphangioma  of, 
506;  malignant  pustule  of,  470,  474; 
milium  of,  505;  molluscum  contagio- 
sum of,  505;  molluscum  simplex  of, 
505;  movements  of,  460;  muscles  of, 
462 ;  ncuro-fibroma  of,  506 ;  trdema  of, 
472 ;  phlegmonous  inflammation  of, 
470;  sarcoma  of,  506;  spasm  of,  see 
Blepharospasm  ;  telangiectasis  of,  505 ; 
tumor  cavernosus  of,  505 ;  tumors  of, 
504 ;  ulcers  of,  471 ;  warts  of,  505 ; 
xanthelasma  of,  504;  xanthoma  of, 
504 

Lid-clamp,  719,  738. 

Lid-retractors,  666,  737. 

Lid-specula,  666,  737. 

Liebreich's  method  of  cataract-extrac- 
tion, 704. 

Ligamentum  canthi  externum,  463,  466 ; 
canthi  internum,  462, 466 ;  pcctinatum, 
242,  244 ;  Suspensorium  lentis,  361. 

Ligation  of  carotid  for  pulsating  cxoph- 
thalmus,  595 ;  of  pterygium,  108. 

Light-perception,  how  tested,  681,  684. 

Light,  reaction  of  pupil  to,  256. 

Light-sense,  20,  27. 

Limbus  conjunctiva;,  33. 

Limitation  of  motility  after  squint-op- 
erations, 771 ;  of  motility  in  paralysis 
of  ocular  muscles,  547. 

Limiting  membrane  of  iris,  237. 

Linear  extraction,  692  ;  incision  in  cata- 
ract-extraction, 701-703;  incisions,  667; 
knife,  Grai'fe's,  678-680,  686,  687,  693. 
703, 744 ;  measurement  of  lateral  excur- 
sions of  eye,  535. 

Lipoma  of  lids,  506;  subconjunctivalc, 
117. 

Liquefaction  of  vitreous,  306. 

Liquor  Morgagni,  367. 

Lithiasis  conjunctivae,  484 

Lithographers,  prevalence  of  myopia 
among,  638. 

Loffler's  bacillus,  84. 


Loop,  Weber's,  697. 

Lousiness  of  lids,  481. 

Luminosity  of  pupil,  9. 

Lungs,  hypostatic  congestion  of,  after 

eye-operations,  671. 
Lupus  conjunctiva;,  98, 103 ;  of  lids,  471. 
Luscitas,  547. 
Luxatio  bulbi,  570;   bulbi  traumatica, 

586. 
Luxation  of  eyeball,  579,  586;  of  lens, 

390;    of  lens,  in  cataract-extraction, 

697. 
Lymphadenoma  of  lachrymal  gland,  618. 
Lymphangioma  of  conjunctiva,  120;  of 

lids,  506 ;  of  orbit,  595. 
Lymphatic  conjunctivitis,  see  CoNJUNr- 

TiYiTis  LYHPHATiCA ;  ectasiffi,  115. 
Lymph-channels  of  eye,  250. 
Lymphosarcoma  of  orbit,  595. 
Lymph-passages  of  cornea,  124 ;  of  eye, 

250. 
Lymph-spaces  of  cornea,  123 ;  of  eye,  250. 

Macropsia  in  miosis,  260;  in  spasm  of 

accommodation,  662. 
Macula?  corneae,  189. 
Macula  lutea,  15,  400 ;  lutea,  changes  in, 

in  myopia,  318;   lutea,  coloboma  of, 

329,  330. 
Madurosis,  477. 

Malingerers,  examination  of,  29. 
Manifest  hypermetropia,  648. 
Manometer  for  determining  intra-ocular 

tension,  254. 
Marginal  keratitis,  185;  network  of  the 

cornea,  84 ;  ulcers  of  cornea,  152. 
Massage  in  superficial  keratitis,  213 ;  of 

cornea  for  cicatrized  ulcers,  150;   of 

eye  for  embolism  of  retina,  402;  of 

lids  for  tylosis,  481. 
Mature  cataract,  375,  377. 
Meaiiles,  conjunctivitis  in,  97,  98. 
Measurement  of  depressions  and  projec- 
tions in  fundus,  18;  of  excursions  of 

eyeball,  535 ;  of  insufficiency,  546. 
Mechanism  of  accommodation,  613. 
Median  tarsorrhaphy,  726,  727. 
Mcdullated  fibers  in  fiber-layer  of  retina, 

405. 
Megalocomea,  229. 
Meibomian  glands,  465 ;  glands,  adenoma 

of,  506;  glands,  infarcts  of,  484;  sty, 

482. 
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bralis  superior,  463,  502;  sabtarsalis, 
460. 

Mydriasis,  257,  807;  in  amaurosis,  cause 
of,  807;  in  glaucoma,  cause  of,  847; 
paralytic,  807,  808;  spastic,  807;  trau- 
matic, 800,  807. 

Mydriatics,  258,  259, 268 ;  see  also  Atro- 
pine ;  harmful  in  glaucoma,  341,  857. 

Myodesopsia,  866,  896. 

Myoma  of  ciliary  muscle,  806. 

Myopia,  626;  apparent,  produced  by 
spasm  of  accommodation,  662 ;  appar- 
ent, simulated  by  hypermetropia,  648 ; 
axial,  639;  bad  results  and  complica- 
tions of,  630,  631 ;  cause  of,  628,  633, 
637 ;  causing  cataract,  383 ;  causing  di- 
vergent squint,  566;  causing  glaucoma, 
850;  changes  of  chorioid  in,  816; 
changes  of,  in  age,  636 ;  ciliary  muscle 
in,  635;  correction  of,  by  a  concave 
lens,  10,  633;  determination  of,  627; 
developing  in  conjunction  with  senile 
cataract,  3C0;  developing  in  lamellar 
cataract,  374;  elongation  of  eye  in, 
031,  035;  hereditary  tendency  to,  633; 
hygienic  regulations  for,  634;  inca- 
pacitating for  military  service,  637 ;  in 
schools,  637:  monocular  diplopia  in, 
542;  morbid  anatomy  of,  631,  635; 
muscie  volitantcs  in,  031 ;  objective  de- 
termination of,  16, 628;  origin  of  term, 
629 ;  predisposition  to.  632,  638 ;  preva- 
lence among  certain  professions  and 
races,  038:  progressive,  632;  prophy- 
laxis of,  038 ;  relation  of,  to  glaucoma, 
036;  rules  for  prescribing  glasses  in, 
633 ;  staphyloma  posticum  in,  63.5. 630 ; 
stationary,  632;  subjective  determina- 
tion of,  628;  theories  of  its  produc- 
tion, 638;  treatment  of,  033;  typical, 
629. 

Myopic  astigmatism,  653,  655. 

Myo-sarcoma  of  ciliary  muscle,  306. 

Myxoma  of  conjunctiva,  120. 

Naphthalinic  cataract,  385. 

Nasal  duct,  509. 

Near-point,  615 ;  determination  of,  619 ; 
recession  of,  622. 

Near-work,  excessive,  producing  myopia, 
632,  637. 

Needle,  cataract-,  743;  couching,  748 ;  dis- 
cission-, 688,  743;   foreign-body,  186, 


741;  knife-,  690,  748;  paracentesis-, 
743;  tattooing-,  104,  741. 

Negative  meniscus,  600 ;  portion  of  rela- 
tive accommodation,  621 ;  scotoma,  26. 

Nerve,  optic,  420.    See  Optic  Nebve. 

Nerves  of  cornea.  125;  of  ocular  mus- 
cles, 525,  530 ;  of  orbit,  679. 

Nerve-stretching  in  senile  blepharospasm, 
601. 

Nervous  asthenopia,  451. 

Nervus  opticus,  420. 

Network,  marginal,  of  com«»,  84 

Neurasthenia,  disturbances  of  vision  in, 
451. 

Neuritic  atrophy  of  optic  nerve,  443 : 
swelling,  445. 

Neuritis  descendcns,  436 ;  intra-ocularis, 
433 ;  optica,  433  (see  also  Optic  Neu- 
KiTis) ;  optic,  morbid  anatomy  of,  444 ; 
retro-bulbar,  439;  retro-bulbar,  scoto- 
ma in,  26. 

Neuro-ftbroma  of  lids,  500. 

Neuroma  plexiforme  of  orbit,  505, 

Neuro-retinitis,  409,  437. 

Neurotomy,  optico-ciliary,  718. 

Night-blindness,  447. 

Nitrate  of  silver.    See  Silver  Nitrate. 

Non  -  inflammatory  atrophy  of  optic 
nerve,  442;  oedema,  114, 115,  472. 

Non-irritative  central  ulcer  of  cornea, 
151. 

Non-suppurative  keratitis,  129. 

Nourishment  of  eye,  252. 

NubeculiD  cornece,  189. 

Nuclear  cataract,  881 ;  paral3rse3  of  ocu- 
lar muscles,  553,  560;  zone  of  lens, 
363. 

Nuclei  of  nerves  of  the  ocular  muscles, 
536. 

Nucleus  for  the  accommodation  and  the 
pupil,  537 ;  for  the  internal  recti  (con- 
vergence), 537;  of  abduccns,  538;  of 
cataract,  367;  of  cataract,  size,  how 
determined,  378 ;  of  lens,  361 ;  of  ocu- 
lomotor nerve,  530 ;  of  trochlear  nerve, 
537. 

Nyctalopia.  447 :  in  cataract,  365 ;  in  to- 
bacco-amblyopia,  440. 

Nystagmus,  574;  miner's,  575;  mixtus, 
574 ;  oscillatorius,  574 ;  rotatorius,  474. 

Objective  determination  of  astigmatism, 
057;  determination  of  hypermetiopia. 
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&4S;  determination  of  myopia,  628; 
examination  of  the  eyes,  1 ;  orientation, 
520. 

Oblique  blcphnrotomy,  726. 

Ublique,  inferior,  action  of,  527:  patal* 
ysis  of,  558. 

Oblique  muscles,  anatomy  of,  534. 

Oblique  position  of  head  in  paralytic 
squint,  5.11  ;  in  strabismus,  573. 

Oblique,  superior,  action  of,  527;  paral- 
ysis of,  552,  558. 

Obliteration  of  lochrymal  sac,  516. 

Occlusio  pupill.T\  201).  370,  281. 

Ocular  fissure,  fa-tal.  2C6;  muscles,  463, 
524;  vesicle,  primitive.  204;  Tesicle, 
secondary,  265. 

Oculouioior  nerve,  537 ;  paralysis,  5.')2. 

(Edema  calidum,  114,  4?2;  filtration-, 
115;  frigidum,  114,472;  itiHnmniatory, 
114,  472;  non-inflnmiuatory,  114,  115, 
472 ;  of  lids,  472 ;  of  mastoid  process 
in  thrombosis  of  caTcrnous  sinus,  SSÜ ; 
subconjunclival,  113. 

Oottingon's  operation  for  trichiasia, 
728. 

Oil-cysts  of  orLit,  503. 

Ointment,  ammoniatcd>moreury,  see 
OiSTMEXT,  Whitk-Prkcu'itate;  -\rlt"s, 
04;  Pajjcnsteohcr's,  wo  Ointment, 
Yellow-Oxiue  :  white-precipitate.  91, 
470;  yellow-oxide,  yellow-precipitate, 
00,  15(),  177,  213. 

Old  paralyses  of  ocular  muiscle*,  557; 
system  of  numlwring  lenses.  602. 

Oleum  fagi  and  oleum  rusci  in  blepha- 
ritis, 481. 

Onyx,  136. 

OfMicitatcs  corporis  vitrei,  395. 

Opacities  in  the  refractive  medio,  how 
rwognized  by  means  of  the  ophthal- 
moscope, 8;  of  the  cornea.  180;  of  the 
wrnea,  cotigcuitiil,  106;  of  the  corneo, 
how  recDjC^üzcd,  128;  of  the  lens,  see 
Cataract  ;  of  the  vitn^ous,  305,  307. 

Opening  of  eyes,  how  effected,  400. 

O|n:>rations  (or  operation),  (jM ;  after-treat- 
ment of,  070 ;  anlisej)sis  in,  0(55  ;  Antyl- 
hi»-Kuhnt's,  for  ectropion,  731 ;  Arlt's, 
for  tarsorrhaphy,  727;  Arlt's  raodi- 
rtoation  of  Oaillard's,  for  entropion, 
728;  avoided  in  diphtheritic  wnijunc- 
tlTitl»,88 ;  Beer's,  for  stjjphylomn,  202 ; 
oompeiisating,    700 ;    delirium   after, 


676;  DiefTenbiach's,  forbl 

732;   drcssing^  after,   666^676; 

brating,  710 :  ErersbasohX  tof 

730;   flap-,   for  cicaLricial 

732 :  for  cataract,  see  Piäcuaio«,  CUr- 

AHACT-EXTRACTION,      DErR&HtOS,    mI 

KECU.VATIOX  ;  for  cicatricial  eettofka, 
731:  for  cicatricial  entropioo,  Tt^ibt 
ectropion,  ~3ü  ;  for  rnlrropioo,:?'  ' 
insulficieney,  645.  708.  TOO:  f'.' 
lytic  ectnjpion,  731  ;  f ■  : 
squint,  rtöTi,  7<)0 ;  for  pU 
senile  ectmpjoii,  TJJO.  731  ;  fs>r  ij^«^:^ 
ectropion,  730;  for  spastic  entropicB, 
728  ;  for  squint,  70.5  ;  for  8ta|>b;ioau. 
201:  for  sytnbU-|>huron,  110,  HI;  f« 
trichiasis.  719 ;  Prtcke's,  for  biaplHS»- 
plasty,  732 :  Puchs's.  for  tanofrbsfibj. 
726:  Gailiiird-Arlfs  for  cotnipK 
728 :  general  rules  for.  009  :  himBn^  if 
wound  after.  070  ;  IloUX  »tS,  IÄ 
725.  729 ;  inflaramAtion  after,  071,  Ki: 
KuhntX  for  ectropion,  781  ;  KuhotV 
for  Symblepharon.  Ill  ;  Stale's,  71#; 
Oellingi'n's  for  trichioüis,  733;  Pa^»- 
stcclier's,  for  ptosis,  735 ;  p«tias'i,  tot 
ptosis,  735;  sliding  Ump-,  for  «gb«- 
pion,782;  Snellen's,  for  ectrx>pii 
Spencer  Wnts«^»'?.  for  tr»*-h» 
725;  Stell  wag's,  for 
Slellwag's,  fortriili 
tion-,  701»;  thread-.  710,  TiS  ;  uf 
adncxn  bullii,  705;  ufioa  ihm 
078;  Van  Millingen's»  for  ti 
724 ;  Von  ftraefe's,  for  ptosic^ ' 
Von  OraefeV,  for  strabiMnuF,  711); 
Wall  Iter's,  for  tarsorrlmphy.  7^ 

Ophthalmia  irgyptiacn,  67.    71  ;    ealai^ 
rhalis.  37;  Egyptian,  67,  7!  -    -  -   - 
rha'Al,  49;  jequirity,  70:   n 
821;    neonuturum,  sec  Dlkss  ':  r       , 
Nkojiatokl-m  :  purulcnta  chr<:( 
sympathetic,  280,  292. 

Ophthal momnlacio,  300. 

Ophthalmometer  of  Helmholii,  057l~ 
.'aval  and  .^-hiOlr,  657.  74«. 

Ophthulmoptegia,  ccalrat.  5<iO:  «xtcfM^!^ 
5,^2.  500:  intenin,  553,  6«0;  totalh^: 
S.W.  500. 

Ophthnlmosco|)c,  4,  746;   appIfcaUon 
7;  determination  of  relractioo  bj.  14 
657;  examination  with,  4;    invcniiutt^ 
of,  4 ;  principle  of,  4,  S ;  vuibOity  of 


L 


INDEX. 


777 


opacities  in  tho  rciractire  media  by 
means  of,  8. 

Ophthalmoscopic  examination  with  tho 
erect  image,  6 ;  with  tho  inverted  im- 
age, 7. 

Ophthalmoscopy,  4. 

Optic  disk,  9,  13,  14,  400,  423 ;  coloboma 
of,  329. 

Optic  nerve,  anatomy  of,  420 ;  arachnoid 
sheath  of,  424 ;  atrophy  of,  442 ;  atro- 
phy of,  morbid  anatomy,  445 ;  atrophy 
of,  scotoma  in,  25 ;  descending  atrophy 
of,  439,  442 ;  diseases  of,  42G ;  dural 
sheath  of.  423 ;  excavation  of,  8, 18, 832, 
834 ;  head  of,  14,  400,  422 ;  inflamma- 
tion of,  433 ;  injuries  of,  443 ;  intra- 
cranial section  of,  425;  intra-ocular 
division  of,  420;  intra-scleral  portion 
of,  420;  non-inflammatory  atrophy  of, 
442;  orbital  division  of,  423;  pial 
sheath  of,  423;  primary  atrophy  of, 
442 ;  sheaths  of,  423 ;  simple  atrophy 
of,  442;  trunk  of,  423;  tumors  of, 
444. 

Optic  neuritis,  433 ;  neuritis,  morbid 
anatomy  of,  444 ;  papilla,  8,  9,  13,  14, 
400,  422 ;  tracts,  425. 

0()tical  area,  426 ;  memory  pictures,  426. 

Optico-ciliary  neurotomy,  718. 

Optometer,  628 ;  rod-,  "619. 

Ora  serrata,  400. 

Orbicularis  palpebrarum,  462,  466 ;  par 
ralysis  of,  498 ;  spasm  of,  497. 

Orbiculus  ciliaris,  241,  247. 

Orbit,  anatomy  of,  577;  aneurism  of, 
592 ;  angioma  of,  492 ;  angioma  lipo- 
matodcs  of,  595 ;  blood-vessels  of,  578 ; 
carcinoma  of,  598 ;  cavernous  tumor  of, 
592 ;  cellulitis  of,  583 ;  cylindroma  of, 
695;  cysts  of,  591,  593;  dermoid  cyst 
of,  591,  593;  diseases  of,  577;  emphy- 
sema of,  587 ;  enccphalocele  of,  698 ; 
endothelioma  of,  595  ;  exenteration  of, 
714,  718;  extravasation  of  blood  into, 
586 ;  fasciae  of,  578 ;  fractures  of  bony 
walls  of,  587 ;  haemorrhage  into,  586, 
588 ;  inflammation  of  bones  and  peri- 
osteum of,  581,  584 ;  injuries  of,  586; 
'leucocytha?mio  tumors  of,  595 ;  lym- 
phangioma of,  595 ;  lymphosarcoma  of, 
595 ;  meningocele  of,  593 ;  muscle  of, 
580 ;  nerves  of,  579 ;  neuroma  plexi- 
forma    of,   595;     osteoma    of,   595; 


phlegmon  of,  475,  583;  position  of 
eye  in,  579 ;  psammoma  of,  595 ;  tm- 
coma  of,  592;  septum  of,  578;  telan- 
giectasis of,  592 ;  tumors  of,  591 ;  tu- 
mors of,  enucleation  for,  716. 

Orbital  cellulitis,  583 ;  division  of  optic 
nerve,  423;  muscle  of  MQller,  S80; 
paralysis  of  ocular  muscles,  558,  562 ; 
periostitis,  581,  684;  phlegmon,  475, 
583 ;  portion  of  orbicularis,  468 ;  sep- 
tum, 578. 

Organic  causes  of  insufficiency,  648 ;  en- 
tropion, 489. 

Orienlttion,  528;  false  (in  paralytic 
squint),  549  ;  how  facilitated  by  periph- 
eral vision,  21;  objective,  629;  sub- 
jective, 529. 

Osteoma  of  conjunctiva,  120;  of  orbit, 
595. 

Outer  operation-wound,  672. 

Oztena  producing  blennorrhcea  of  lachry- 
mal sac,  513. 

Pagcnstecher's  method  of  cataract-ex- 
traction, 696;  ointment,  see  Outtment, 
Yellow-Oxide  ;  operation  for  ptosis, 
735. 

Pain  in  glaucoma,  342,  347. 

Pairs  of  ocular  muscles,  526. 

Palpebra  tertia,  84. 

Palpebral  conjunctiva,  81 ;  glands,  81, 36, 
463, 465 ;  glands,  diseases  of,  481 ;  mus- 
cles, 4(0;  muscles,  diseases  of,  497; 
muscles  of  MQller,  463;  portion  of 
orbicularis,  462,  466. 

Panas's  operation  for  ptosis,  735. 

Pannus,  168 ;  carnosus,  75 ;  causes  of,  in 
trachoma,  75 ;  crassus,  75 ;  in  conjunc- 
tivitis lymphatica,  87;  inoculation  of 
blennorrhceal  virus  for  cure  of,  56.  80 ; 
jequirity-treatment  of,  69,  80;  sar- 
comatosus,  75 ;  scrofulosus,  87,  92 ;  sic- 
cus, 75;  simulating  pterygium,  109; 
tenuis,  75 ;  trachomatous,  60 ;  trachom- 
atous, anatomical  character  of,  74; 
trachomatous,  treatment  of.  69,  80; 
trachomatous,  ulcer  of  cornea  in,  151; 
treatment  of,  69,  80 ;  vaseulosus,  75. 

Panophthalmitis,  319,  321 ;  diagnosis  of, 
145,  474,  475. 

Papilla  nervi  optici,  8.  9,  13,  14,  400,  422. 

Papilla)  lacrimales,  508. 

Papillary  condition  of  conjunctiva,  86; 
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'■t;-.!    f  rrich-rma.  39.  ?2;  hvjwrlrophy 
-;  .-..iij.iiKfiva  cvoarring  in  many  cye- 

■  ;;s«-.it?«.'&   ■  o. 

S:  .  .   ■:■■■.  ■'.    ••r:ü-:^tiva.  118. 
*:»f.'--"-'^  ■-•-'"   '-"-"*»   -iSS ;    region, 

:^- '\  -  :>.^:7. 

:*.tii^-    .  ->  :i  .rr.ca.GTS;  after  cata- 
-.■.V  .-^L  ~*. .--.  ".  ••?"»,  ß'<9:  for  abscess  of 
...  ■  ■"».  ■.•■'."'.  0?.» :  f'V  embolism  of 
•'^     :.    i'T:  f  r  :!un?asc  of  tension, 
i  > .      .-  -.  —  V...'.  -f  hypopyon.  C7S :  for 
-ii.  ;>     ;•..♦.  '^V?.  •>«>.  6T}<:  for  iritis, 
::-."'.  .>.  :  -  .:  .vrs;  of  L-omea,  148, 678. 
■•■i.  »K>.  ■■  — .^    C  >».!cnj.  670. 
•t.  iv.;...  v.-v-.o:;-.  74;^. 
■•-»......, I    ■•   ■•<::.t.v:::ont.  11,  11». 

■'.»..«.x^.Ts   'm-siI.   -v'^^   ."m>1  :    cliangos  of 
V.......    •»■!>«.■•..■*  in  olJ  cast's  of,  5öl ; 

.•  .,♦. .i:!.i.".  V'l,  •V?"2;  conjugate,  55;}, 
■»!.'.  <i- x.i'..  Vv!.  "h50  ;  iliagnoMs  of, 
■  •••.    'IUI.      .i^'..".;'.Lir.  5X\.  5(tl ;  intra- 

v.>.  V.k.*.  ::toasur«<mont  of,  550 ; 

..I-.     ,..    V»i.!.    XV:    vvuloinotor,  553: 

.   ..\.>..v^  iiv  Tv?.  TkVS:  of  ni-comnicKlii- 

i'.'v».    .'.    ^-i '-..iry  muscle,  B(>0;  of 

> v'.  ;s  V'"*.   Ö5S:    of  fourth 

....    ■-••.'.    vS:  ^.i  iv.ilivitlual  oful.ir 

>.  \v.  VsS;   v-i  inferior  obliiiue, 

«.«>       .    ;.•■..■;    »\vf,i<.  ."»7.  5.'5.'<;   of 

. .» >...>,  NVJ :  of  levator  palpe- 

•i..   -..V....N    iiv,  VM  ;  of  muscuhis 
...-..•...    .   n;v.  •..:■.   .VO :    of  ocular 
vV,:l'iuot(>r  nerve, 
N.»  >.....   N,    nn);   of  several 

.     ■       ■  .        %    V>.;.    v'f  sixth  nerve, 
\ ..    ..  ■>  . .  V .  •     ,•'.•' ■  itif.  .'i.ir»,  .*).*>S ; 

«.    .>.  ».v<.  >•?  s>mpatliotic, 

<>N.     .      '         ...•■-•.  .'•.■♦■,';  of  trocliiear 
\ .        ..  .■  .      '<V!,  ."n'»'.?:  po*t- 

.'.  ■. .  iiiV       ■    I  ■..•:!  of  double 

......      .    . -.N.  •.     .■■■.',•  •..•'.v'j:y<if.hi>\v 

!..,...  . .  'vit'      •v'-U-ar,  .Vii.  .'mS. 

^v,..,>, ^r^.  '.<'. :  tni'^is,  :!0S ; 

...,,!   ..x^  •^-    •!^    v     ■':.  Mr,  70». 

)\,„...  .1;, «-^  ■»■■      N  '.r^?:   xerosis, 

II  • 
IS„K  ....K-.  •»<  •■•'.'  'C*"    A-.-.-.wli-.  iri<lis. 

ISlltli«!  (i'MotOH\X,  *iJ 

IVl,  ..!■   inxN  «»^"-  <•*••'  ■'"  -«VHSiHl  for 
■IlllltfK  o(  liitH*.  '«V 


Pathological  alterations  of   Ti:$aal  fii'.i, 

34;  excavation,  13. 
Pearl-cysts  of  iris,  303. 
Pemphigus  conjunctiva?.  98. 
Perception  of  colors,  4.'52.  4ÖÖ  ;  of  c:l  > 

rapid  diminution  of,  a  «.ign  of  >-■}::.• 

nerve  disease,  27;  of  light,  al way.  :- 

tainod  in  uncomplicated  cataraft.  3».^' . 

of  liglit,  how  tested  in  opacity  of  ::. 

refractive  media.  681,  684. 
Perforation  of   cornea,  140;    of  cr-rp. . 

treatment,  148  ;  of  eye,   svnu.:ome  ■  ? 

210. 
Perichorioidal  space,  2.50. 
Pericorneal  injection,  36. 
Perimeter,  22,  741) ;  for  measuring  .5.-::t. 

of  paralysis,  550,  SCO :  for  nicasv-ri:..- 

excursions  of  eye,  536. 
Perinuclear  cataract,  370,  373 ;  dis<.i^-i-  a 

in,  CSO. 
Periodic  Strabismus,  564.  506. 
Periodical  erosion  of  cornea,  171 ;  forr..i- 

tion  of  vesicles  on  cornea,  1 71. 
Periorbita,  578. 
Periosteal  ab-sco.«..».  HS1. 
Periostitis  of  orbit.  5S1,  584. 
Peripheral  vision,  20. 
Peri.<copic  glas.«es,  COO. 
I'eritomy,  80. 
Persistent  hyaloid  artery,  3.07;  pupill^^ 

membrane,  UOO,  310. 
Pctifs  canal,   2C;{:    method  of  nptniuj: 

the  lachrymal  sue,  515. 
Phle^'mon  of  orbit,  ."iSa ;    ding'nosis  -  f. 

475;  rclJ'obulbar,  583. 
Phlycta'ua  pallida,  05. 
Plilycta'nular    conjunctivitis   arul   k'r.t- 

titis.  Sec  (.'oNJrxt TiviTis  lymi'iiati'  \. 
Pholoinctcr  of  Föi-stcr.  28. 
Photophobia  in  c»mjuiictiviti..s  lviu[>li.i"> 

ca.  SS;  not  to  lie  tuo  much  rejruni...i. 

0»:  treatment,  00,  O«. 
Pli<iiop-<ia   in  chorioiditi.«.   31.T:    in   •;.  • 

taclimcnt  of  retina.  41C. 
Phthiria.-is  palpobrarum.  481. 
Phtliisis  Inijlji.  ;]20,  32.3;  biilbi.  rriucl.jL- 
tion  for,  71(5;  cornea',  143;  cssenti.nj. 

:5(M). 
I'hakitis,  308. 
Physiiilo;,'icid  astii;matism,  C52.  C.'H  ;  c\- 

cavatifin.  13,  034. 
Pliy.'.o>iti;,'rninc.     See  KseniXE. 
Pial  sheath  of  ojitic  nerve,  423. 
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Pigment,  retinal,  247 ;  stroma,  247. 

Pigmentary  degeneration  of  retina,  410. 

Pigment-epithelium,  247,  401. 

Pigment-layer  of  iris,  237,  239. 

Pilocarpine,  250, 263 ;  as  an  absorbent  in 
inflammation,  264 ;  in  chorioiditis, 
815;  in  detachment  of  retina,  414;  in 
flstala  of  cornea,  140;  in  glaucoma, 
263,204,356;  in  iritis,  205;  in  myd- 
riasis, 268,  264;  in  opacities  of  vit- 
reous, 306;  in  paralysis  of  accommo- 
dation, 661 ;  in  rheumatic  paralyses  of 
ocular  muscles,  655;  in  tobacco-am- 
blyopia,  441. 

Hnce-ciseaux,  687,  742. 

Pinguecula,  34,  86,  87. 

Placido's  keratoscope,  658. 

Plano-concave  lens,  600. 

Plano-convex  lens,  600. 

Plica  semilunaris,  34 ;  diseases  of,  120. 

Point,  far-,  615;  near-,  615;  pressure-, 
500. 

Points,  visibility  of,  dependent  upon  their 
brilliancy,  607. 

Poisons  producing  paralysis  of  accom- 
modation, 661. 

Polioencephalitis  superior,  causing  oph- 
thalmoplegia, 561. 

Polyopia  monocularis  in  cataract,  365. 

Polypi  of  conjunctiva,  118. 

Portio  orbitalis,  403;  palpebralis,  462, 
466. 

Position  of  eye  in  orbit,  579. 

Positive  meniscus.  600 ;  portion  of  rela- 
tive accommodation,  621 ;  scotoma,  26. 

Post-diphtheritic  paralysis  of  accommo- 
dation, 660. 

Posterior  chamber,  243,  244;  conjunc- 
tival vessels,  34 ;  cortical  cataract,  372, 
874;  detachment  of  vitreous,  896;  len- 
ticular reflex,  4;  longitudinal  fascicu- 
lus, 538;  polar  cataract,  360;  scleral 
protul)eranco  of  Ammon,  228,  230, 
281;  sclerotomy,  680;  synechia,  269, 
280. 

Precipitates  on  cornea  in  cyclitis,  272, 
276,  277. 

Presbyopia,  632:  formerly  confounded 
with  hypermetropia,  647;  occurring 
early  in  hypermetropia,  646;  occurring 
late  in  myopia,  630. 

Prescriptions  for  glasses,  how  written, 
656. 


Pressure,  intra-ocular,  258. 

Pressure-bandage,  147 ;  in  detachment  of 
retina,  414 ;  in  enucleation,  714 ;  in  ex- 
ophthalmus  due  to  extravasation  or 
emphysema,  587;  in  operations  upon 
eyes  affected  with  increase  of  tension, 
676;  in  prolapse  of  iris,  149. 

Pressure-opacity  of  cornea.  101. 

Pressure-points  in  hysterical  blepharo- 
spasm, 500. 

Priestley  Smith's  lamp,  3. 

Primary  atrophy  of  optic  nerve,  442; 
deviation  in  concomitant  squint,  563 ; 
deviation  in  paralytic  squint,  548; 
enucleation,  716 ;  glaucoma,  887. 

Primitive  ocular  vesicle,  264. 

Principal  focal  distance,  590. 

Prisms,  601 ;  for  measuring  insufllciency, 
546 ;  for  measuring  paralysis,  560 ;  for 
treatment  of  insufficiency,  545;  for 
treatment  of  paralysis,  555. 

Prism-tests.  546,  560. 

Probes,  lachrymal,  740. 

Prodromal  stage  of  glaucoma,  837;  of 
sympathetic  irido-cyditis,  289. 

Progressive  atrophy  of  optic  nerve,  442; 
cataract,  368,  374;  myopia,  632;  pa- 
ralysis producing  optic-nerve  atrophy, 
442 ;  pterygium,  105 ;  ulcer  of  cornea, 
180. 

Projection  of  field  of  vision  on  a  hollow 
sphere,  22;  of  field  of  vision  on  a 
plane,  22 ;  of  retinal  images  external- 
ly. 529. 

Prolapse  of  iris,  141 ;  circumstances  de- 
termining it,  674;  diagnosis  of,  668; 
evil  consequences  of,  669 ;  how  averted 
by  iridectomy,  075 ;  mode  of  occurrence 
in  operations,  674;  treatment,  148. 
075. 

Prolapse  of  vitreous  in  cataract-extrac- 
tion, 697,  703;  in  iridectomy,  687;  in 
iridotomy,  688. 

Prophylaxis  in  acute  blonnorrhoea,  52; 
in  blennorrhoea  neonatorum,  57;  in 
diphtheritic  conjunctivitis,  83 ;  in 
sympathetic  ophthalmia,  206;  of  tra- 
choma, 70. 

Protection  of  sound  eye  in  acute  blen- 
norrhoea,  52,  54. 

Protective  bandage,  147;  in  diphtheritic 
conjunctivitis,  88. 

Protective  glasses,  600,  601;  lor  t- 
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Reflex,  15;  corneal,  2,  3;  images  of 
Parkinje-Sanäon,  3;  lenticular,  4;  re- 
action of  pupil,  2S0;  streak,  15;  wa- 
tered-silk, 15. 

Refracting;  media,  examination  of,  7, 11. 

Refraction  of  eye,  8,  005;  anomalies  oft 
607 ;  determination  of,  by  erect  iinAgc* 
16 ;  determination  of,  by  inverted  im- 
age, 17 ;  determination  of,  by  keratosco- 
py,  19 ;  determination  of,  by  objective 
methods,  10, 17, 10 ;  determination  of, 
by  ophthalmometer,  657;  determina- 
tion of,  by  ophthalmoscope.  16 ;  deter- 
mination of,  by  optometer,  628;  de- 
termination of,  by  subjective  methods, 
626,  641,  055;  tested  with  reference  to 
central  vision,  20. 

Refractive  power  of  eye,  diminishing  in 
old  age,  024 ;  greatly  decreased  by  cata- 
ract extraction,  008;  slightly  reduced 
by  atropine,  063. 

Regimen  of  eyes.  Sec  IIyoiemc  Treat- 
ment. 

Region  of  accommodation,  615,  616, 610 ; 
of  transition,  31,  33. 

Regressive  ulcer  of  cornea,  130. 

Regular  astigmatism,  650. 

Reisinger's  double  hook,  607. 

Relative  far-point,  620;  hypermctropia, 
645;  near-point,  630;  range  of  accom- 
modation, 619;  scotoma,  26;  visual  acu- 
ity, 610. 

Relaxation  of  lateral  invaginations,  711. 

Resorption  in  keratitis,  120;  of  lens, 
after  injury,  382,  688;  of  hypopyon, 
136. 

Retina,  400 ;  adaptation  of,  28 ;  ansemia 
of,  408 ;  anatomy  of,  400 ;  arteries  of, 
how  distinguished  from  vcins,18 ;  atro- 
phy of,  410 ;  atrophy  of,  scotoma  in, 
25 ;  concussion  of,  410 ;  detachment  of, 
413;  detachment  of,  sclerotomy  in,  ] 
080;  detachment  of,  scotoma  in,  25; 
diseases  of,  400 ;  function  of,  402 ; 
hemorrhages  into,  400 ;  ha>m()n-hages 
into,  causing  glaucoma,  350 ;  hypenp- 
mia  of,  405 ;  inflammation  of,  see  IIeti- 
xiTis;  injuries  of,  410;  nutrition  of, 
how  efTcctcd,  253,  255;  physiological 
opacity  of,  fmm  presence  of  raedul- 
lated  nervc-flbers,  405 ;  physiology  of, 
402 ;  position  of,  influencing  character 
of  astigmatism,  055;  position  of,  in- 


fluencing size  and  shape  of  diffusion- 
circles,  611,  650;  rupture  of,  416,  419; 
sensitiveness  of,  in  cataract,  etc.,  how 
determined,  681,  084;  vessels  of,  8: 
vessels  of,  how  distinguished  from 
those  of  chorioid,  10. 

Ret  irial  images,  size  of,  how  calculated. 
605 ;  pigment-layer  of  iris,  239 ;  sys- 
tem of  vessels,  35,  248. 

Retiriitio  atrophy  of  optic  ner%'c,  443. 

Retinitis,  403;  albuminurica,  4D4,  400; 
diabetica,  404;  from  dazzling,  410; 
ha>morrhagica,  405;  idiopathica,  405; 
leucipmica,  404;  metastatic  (suppura- 
tive), 407;  morbid  anatomy  of,  412; 
nyctalopica,  440;  pigmentosa,  410; 
pigmentosa,  la«s  of  peripheral  vision 
in,  21,  411;  pigmentosa,  scotoma  in, 
25;  proliferans,  410;  pyo-mic,  407; 
suppurative  (metastatic),  407;  syphi- 
litica, 404. 

Retino-chorioiditis,  313,  316,  400. 

Retinoscopy,  10. 

Retrobulbar  abscess,  583;  neuritis,  430; 
phlegmon,  583. 

Rheumatic  iritis,  286,  296 ;  paralyse»  of 
ocular  muscles,  554. 

Rhytidosis  cornea?,  127. 

Rickets  causing  lamellar  cataract,  871, 
373. 

Riders,  370. 

Ring,  chorioidal.  13 ;  scleral,  18. 

Ripening  of  cataract,  374,  870;  by  iri- 
dectomy, 684. 

Rock-crystal  glasses,  604. 

Rods  and  cones  of  retina,  400,  401. 

Ro<lcnt  ulcer  of  cornea,  152;  of  lids, 
506. 

Rodeur,  the  slave-ship,  trachoma  on,  72. 

Rod-optoineter,  610. 

Romershauson's  collyrium.  46. 

Rotation  of  eye,  how  effected,  528. 

Ruetc's  (indirect)  method  of  ophthal- 
moscopy, 6. 

Rupturu  rctinn?,  410. 

Rupture  of  chorioid,  323 :  of  cicatrix  in 
eye-operations,  670;  of  cornea,  223 ;  of 
rotinu,  416,  419;  of  sclera,  223. 

Saccus  lacrimalis,  508. 

Soemisch's  metliod  of  paracentesis  for 

corneal  abscess,  108,  089. 
Sagittal  axis  of  eye,  526. 
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SalicylnU>s  and  salicylic  acid  in  chori- 
üiditis,815;  in  dctnolimcnt  of  rctinn, 
414:  in  herjkes  zoster,  409;  in  iritis, 
203,  2UC;  in  opacities  of  the  vitreous, 
300;  in  rtieumatic  paralyses  of  the 
ocular  tntisck«,  554 ;  in  superficial 
scleritis,  Sli). 

Salines  in  o[>uc-ities  of  the  ritrcous,  89G; 
in  retinitis.  405. 

Siircomu  of  chorioid,  824 ;  of  ciliary  body, 
303;  of  conjunctiva.  117,  llfl;  of  iris, 
303,300;  of  liichrynml  gluiid,  518;  of 
lids,  50C;  of  orbit.  592;  of  sc-lera,  238. 

ScariQcation  of  conjunctiva  in  acute 
blennorrhoea,  50;  of  ouperfieial.  scle- 
ritis,  218. 

Schciner's  experiment,  541. 

Schematic  eye,  G05. 

Schizomyectes  causing  absccsa  and  ulcer 
of  cornea,  158- 

Schlomiu's  canal,  244. 

Schmidt-Bimplcr's  method  of  determin- 
ing refeact  ion  by  the  inverted  image, 
10. 

Schools,  myopia  in,  637. 

Scintillating  scotoma,  440. 

Scissors,  iridotomy-,  742;  strabismus-, 
730. 

Scissors-forceps,  687,  742. 

Sclera,  211;  anatomy  of,  211;  difcascs 
of,  211;  ectasia  of,  227;  ectasioj  of, 
causing  glaucoma,  350;  fibroma  of, 
2S5J;  inflnmnmtion  of,  see  Sclekitis; 
injuries  of.  210 ;  osteoma  of,  233 ;  para- 
centesis of,  070  ;  rupture  of,  217,  223; 
sarcoma  of,  233;  staphyloma  of,  227; 
staphyloma  of,  anterior,  228,  230 ; 
Blupliyliima  of,  causing  glaucoma,  230 ; 
»taphyioma  of,  ciliary,  231 ;  staphy- 
loma of,  cnuck-ation  for,  717;  staphy- 
loma of.  equatorial,  228.230;  staphy- 
loma of,  Intercalary,  237;  staphylonm 
of,  morliid  anatomy,  231 ;  staphyloma 
of.  |KiMerior.  228,  230;  tumors  of,  233; 
ulcvr»  of,  233. 

Suleral  circle  of  vessels  of  Zinn,  252; 
conjunctiva,  33;  division  of  cornea, 
IW,  IS«;  disoi!««ion,  691:  ftap-exlrac- 
tion.  COa  ;  incisions,  007;  paracentesis, 
flTV;  pnUulH<rancu  of  Ammon,  320; 
riuif.  13. 

Sr  1    p.  213;  »uiK?rflciaI,  212. 

h  ilOl. 


INDEX, 


Sclerosing  kemtttis,  188. 

Solerolomia  anterior,  A79;  po«t«kt;lil 

Sclerotomy,  356.  079. 

Scotoma.  25;  absolute,  20  ;  aiinular,  SS, 
ceutral,  25,  440;  color-,  27;  flt«d,  H; 
in  chorioiditis,  313 :  in  detacbMcal  «I 
retina,  413 ;  in  emboli&in  ol  tb*  «m> 
tral  artery,  407;  in  optk>-iMn»  ttio- 
phy,  443 :  in  retinitis.  4CM ;  in  rttinnU 
pigmentosa,  35.  411;  in  rttrob«lb>r 
neuritis,  439;  in  tob«icoo-«a)l4jo{4i« 
440;  motile,  26;  nc^tive,  96;  |io«t- 
tive,  20:  relatire,  26:  scintilUiM,  4IIL 

Screen-test  fur  muscalar  in^^ifflrtmry. 
542. 

Scrofula  producing  blcononiMBftof  krb- 
rymal  sac,  513. 

Scrofulous  conjiincti%-iti8»  BS;  di 
signs  of,  80 ;  iritis,  286  ;  pAnnoa,! 

Sea-baths  in  conjunotiviti«  lj*»| 
91. 

Seclusio  pnpillic,  271,  276,  280 ; 
glaucoma,  350;  treatment  of,  297, ! 

Secondary  cataract,  699;    dcriat 
concomitant  squint,  563 ;  doviat 
paralytic  squint,  548 ;  enucleation, 
glaucoma,  350;  ocular  vesicle,  265. 

Secretion  of  conjunctiva   incrc«Md 
altered  in  inflammation  of  ocin)lUlOtt>'1 
va,  87. 

Sections,  667;  corneal,  067;  carrtid,! 
linear,  007 ;  oblique,  073  ;  seiend,  W7| 
valve-like,  673. 

Sediilot's  double  hook,  737. 

Semi-decussation,  420.  420  ti  mq. 

Semilunar  fold.   See  Plica  iiEiitt.t.'XAi 

Senile  blepharospasm,  408,  ^300;  mtaroci;!! 
874,  381,  384;  ectropion,   4»2 ;  eeln»- 
pion,  operations  for,  730.  781. 

Sensitiveness  of  cornea,  how  (eeied,  X, 
128. 

Sensory  stimuli,  reaction  of  pupil  to^SftTtj 

Septum  orbitale,  578. 

Serous  irido-cyditis,  878;  iritis,  275,2711, 
287;  tenonitis,  585. 

Serpiginous  ulcere  of  cornea,  86, 188,  IIQL 

Shadowiest,  see  KE&ATOSCorr ;  of  c»tA> 
ract,  375,  380. 

Short-sightedness,  026. 

Sight.   See  Visioi». 

Silver  nitrate,  discoloration  |irodar#d  by. 
42 ;  excessive  use  of,  producing  cro«p- 
ous  and  diphtheritic  conjunctiritt«,$4« 
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in  acute  blennorrhcea,  88;   in  ocuto 

Spastic  ectropion,  491,  730;  entropion,         ^^H 

cat&rrh&l  conjunclivilis,  39;  in  blen- 

488, 728;  miosis,  308;  mydriasis  307.           ^^M 

norrhcea  neonatorum,  57;  in  blcphor 

Spatula,  744.                                                         ^^H 

ritis  ulcerosa,  480;    in  conjiincti%-iti3 

Sj>e(<lroscopc  in  testing  color-blindness         ^^^H 

eatarrhalis  chronica,  40;  in  dijihlhc- 

^^M 

M             ritic  conjunctivitis  82:  in  eczema  of 

Specula.  660.  737.                                              ^^H 

lids,  470;  in  keralilhi  vesiculosa,  170; 

Sjx^nccr  Watson's  operation  for  trichiasis,         ^^^| 

in  trachoma,  07;  methixl  of  applica- 

^^M 

lion  of,  39,  40;  rationale  of  action  in 

Spheres  of  Morgagni,  806.                                ^^^H 

1             conjunctival  disease,  42 ;  rules  for  ap- 

Spherical  lens,  GOO.                                              ^^H 

plicnlion  of.  42. 

Sphincter,  angles  of,   068;   iridis  335;         ^^H 

Simple  atrophy  of  optic  nerve,  442 ;  glau- 

palpebrarum, 4C2.                                             ^^^^ 

coma.  343;  liiietir  extraction,  692. 

Sphincterotomy,  720.                                           ^^^H 

Simulation  of  bliudne«,  '28. 

Spinal  atrophy  of  optic  nerve,  443 ;  mi-               ^| 

Sinus  of  anterior  chamlwr,  244. 

osis  308,  443.                                                   ^^B 

Site  of  opacity,  how  diagnosticated,  13. 

Spongy  exudate   in   anterior  chamber,         ^^H 

Sixth  nerve,  coui^o  of,  538;  nucleus  of, 

^H 

538 ;  paralysis  of,  553,  558,  602. 

Spot,  intorpalpebral,  34 ;  yellow,  see  Mao-         ^^H 

Skiascopy,  10. 

ULA  LVTEA.                                                                            ^^^| 

Skin-grafting  for  ectropion,  733. 

Spring  speculum,  000,  737.                                 I^^l 

Skull,  fractures  of  base,  ecchymosis  of 

Squint,  502;  alternating,  504,  560;  ap-           ^^B 

lids  in,  504. 

parent,  570;   i-oncomitant,  503,  707;               ^M 

Slidiug-flnp  operation  for  ectropion,  732. 

convergent,  504,  505,  707;  divergent,         ^^H 

Slitting  of  canaliculus,  514,  51Ü. 

504,  500,  708:    dynamic,  543;   inter-         ^^H 

Small-pox,  cimjunctivitis  in,  97. 

mittcnt,  570,  570 ;  latent,  543  ;  raeas-          ^^H 

'          Snellen's  operation    for    Symblepharon, 

urement    of,  572;    monolatcral,  504;                H 

111;  operation  for  trichiasis,  722;  su- 

operations  for,    705;    paralytic,    647,                 H 

ture  for  ectropion.  730;  suture  for  en- 

709;   periodic.  .Wl,  600;    temporary,          ^^H 

tropion,  730;  tot-types,  608,  009;  test- 

508;  vertical.  570.                                               ^^H 

types  for  determination  of  simulated 

Squint-hook,  739.                                                 ^^H 

1            blindness  80. 

"  Slaar,"  origin  and  various  opplications               V 

I          Snov-hlindncss,  103. 

of  terra,  388.                                                           1 

Soemmering's  crystnlline  swelling,  098. 

Staphylococci  causing  abscess  and  nicer                H 

Soft  cataract,  377;   discission  of,  688; 

of  cornea,  140,  158.                                                 fl 

simple  linear  exti-action  for,  092. 

Staphyloma,  annular,  316;  ciliare.  214,                H 

Solitary  luberodosis  of  chorioid,  327. 

231 ;  cornea-,  143;  intercalare,  231 ;  of                 H 

Solutions  of  continuity  of  conjunctiva, 

cornea,   197;    of    cornea,  enucleation                 H 

100. 

for,  717;  of  cornea,  iridectomy  in,  083;                 H 

,          Sound  eye,  how  protected  in  acute  blen- 

of coi-nea.  partial,  198;  of  conica,  total,                ^^ 

norrhcea,  52,  54;  when  requiring  enu- 

197; of  sclera,  228;  of  sclera,  enucle-          ^^^^ 

cleation,  717, 

ation  for,  717:  partialo  conicum,  108;          ^^^| 

1         Sounding.  514,  520. 

partiale  spbtericum,  198;  pellucidum,          ^^^^ 

'         Sounds,  lk-»wman's,  514,  740, 

210;  postiouro  (ScarjMr),  228.  330,  231.           ^^M 

1         Space,  circmnlentaU  301 ;  intervaginal. 

310.035,036,030;  totale  conicum,  197 ;          ^^| 

250;  perichorioidal,  250 ;  subarachnoid, 

totale  »phA>ricum,  197.                                     ^^H 

424 ;  subdural,  434 ;  Tenon's,  250. 

Stationary  cataract,  868;   myopia,  632;                 S 

Space-sense,  20. 

pterygium,  105.                                                  ^H 

Spasm  of  accommodation,  603;  mncrop- 

Statometer,  581.                                                   ^^M 

'              sia  in,  003 ;  simulating  and  producing 

Steam  in  treatment  of  cicatrizing  ulcer          ^^^| 

myopia,  033. 

of  cornea,  ISO;  of  parenchymatous  kc-          ^^^| 

Spasm  of  lids,  see  Blephabospjism  ;  of 

ratitis                                                          ^^^| 

musculus  palpebralis  superior,  503 ;  of 

Stellate  figure  of  lens  302.                                ^^H 

orbicularis,  497. 

1 

Stellwag's  method  of  cataract-extraction,        ^^^| 

_^^ 

^^^^^^J 
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694;  operation  for  cantboplasty,  725; 
operation  for  Symblepharon,  111 ;  oper- 
ation for  trichiasis,  723;  symptom  in 
Basedow's  disease,  589 ;  theory  of  glau- 
coma, 350. 

Stenopeic  glasses,  194,  601 ;  slit  in  test- 
ing for  astigmatism,  656. 

Stereoscopic  vision,  589 ;  absent  in  stra- 
bismus, 572 ;  Bering's  test  for,  539. 

Stevens's  tenotomy-hook,  789 ;  tenotomy- 
scissors,  739. 

Stillicidium,  511. 

Stilling's  knife,  531,  740;  pseudo-iso- 
chroraatic  diagrams,  457. 

Stimulus,  minimum  (of  light-sense),  27. 

Stop-needle,  743. 

Strabbmic  deviation,  568. 

Strabismus,  563 ;  altcmans,  564,  569 ;  ap- 
parent, 570;  concomitans,  563,  707; 
convcrgens,  564,  565,  707;  deorsum- 
vergens,  570 ;  divergcns,  564,  566,  708 ; 
intermittent,  570,  576 ;  latent,  543 : 
measurement  of,  572;  monolateralis, 
564;  operations  for,  705;  paralyticus, 
547,  709;  periodic,  564,  566;  sursum- 
vergens,  570;  temporary,  in  young 
children,  568;  vertical,  570. 

Strabismus-forceps,  739. 

Strabismus-scissors,  789. 

Straightening  of  tarsus,  722. 

Stramonium  producing  retrobulbar  neu- 
ritLs  441. 

Streak,  reflex,  15. 

Strcptotlirlx  Fa?rsteri  occluding  canalic- 
ulis,  519. 

Strictures  of  lachrymal  duct,  512 ;  dila- 
tation of.  r>l4,  520;  division  of,  521. 

Stroma  of  cornea,  123 ;  of  iris,  235 ;  pig- 
ment. 247. 

Stryohiiine  in  keratitis  neuroparalytica, 
1C5;  in  optic-nerve  lesions.  441,  443; 
in  retinitis  pigmentosa,  412;  in  to- 
bacco-amblyopia,  441. 

Sty,  482. 

Subarachnoid  space.  424. 

Sul)0()njunrtival  ccchymosis.  113;  em- 
phj'si'niii,  115;  u'dema,  113. 

Sululural  space.  424. 

Subject ive  nu'tinKl  of  determining  hy- 
pcrmctropia.  C43 ;  of  determining  myo- 
pi.a,  62!^  ;  orientation.  529. 

Subluxation  of  Ions.  389. 

Substitution  operation,  709. 


Sobtarsal  groove.    See  Sulcus  scnut- 

SALIS. 

Suction  of  cataract,  891,  744. 
SufTusio,  888. 
Sulcus  subtarsalis,  83. 
Sulphate  of  copper,    sulphate  of  zinc. 
See   Copper    Sulpbate,    Znrc    Scl- 

PBATE. 

Superior  lachrymal  inland,  508;  oblique, 
see  Obuque,  Superiok;  rectus,  ue 
Recti,  Sufebiok  ;  tarsal  arch,  82. 

Supplemental  crystalline  Jens,  617. 

Suppuration  of  wound  after  eye-oper»- 
tions,  671. 

Suppurative  keratitis,  129. 

Suprachorioid,  245. 

Suture,  Gaillard's,  for  entropion,  788: 
Snellen's,  for  ectropion,  730 ;  Snellen's 
for  entropion,  730  ;  tobacco-bag,  714. 

Swelling  cataract,  874,  877. 

Symblepharon,  109,  *03;  anterioN  109; 
posterius,  65,  109;  prevention  ot  in 
diphtheritic  conjunctivitis,  83 ;  totale, 
109;  treatment  of,  110,  111. 

Sympathetic  inflammation.  289;  irido- 
cyclitis, 289,  292 ;  irritation  of  eye, 
289,  292;  ophthalmia,  289,  293,  2M, 
208. 

Sympathetic,  paralysis  of,  308. 

Synchysis  corporis  vitrei,  396;  scintil- 
lans,  808. 

Syndesmitis  catarrhalis,  40. 

Synechia,  annular  posterior,  270.  280, 
297,  298 ;  anterior,  142,  297 ;  anterior. 
occurring  without  perforation  of  cor- 
nea, 195;  posterior.  209,  280,  297,  298; 
total,  posterior,  271,  273,  281.  297. 

Syphilis,  hereditary,  symptoms  of.  178, 
181 ;  producing  blennorrhoea  of  lachry- 
mal sac,  513 ;  producing  optic  neuritis. 
430 ;  producing  parenchymatous  kera- 
titis, 175. 

Syphilitic  disease  of  skin  causing  ton- 
junctivitis,  98:  iritis,  285,  292,  295: 
keratitis,  ITS;  neuritis,  436;  paralysis 
of  accommodation.  G61 ;  paralysis  of 
ocular  muscles,  554:  retinitis,  404: 
tarsitis,  480;  uloers  of  conjunctiva,  104. 

Syringe,  And'?,  514,  740. 

Taljcs  causing  paralysis  of  accommoda- 
tion, 061;  causing  simple  atrophy  of 
optic  nerve,  442, 
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Tapetnm  of  the  Carnivora,  10. 

Tar,  preparations  of,  in  blepharitis,  481. 

Tarsal  arches,  inferior  and  superior,  32. 

Tarsitis  syphilitica,  486. 

Tarsorrhaphia  lateralis,  726;  raedialis, 
726,  727. 

Tarsorrhaphy,  726;  in  Basedow's  dis- 
ease, 590 ;  in  cicatricial  ectropion,  781 ; 
lateral,  726 ;  median,  727 ;  provisional, 
T28,  732. 

Tarsus,  463;  diseases  of,  486;  straight- 
ening of,  732. 

Tattooing  of  cornea,  19  L 

Tattooing-needles,  194,  741. 

Teale's  apparatus  for  suction  of  cataract, 
744;  operation  for  Symblepharon,  111. 

Tears,  abolition  of  secretion  of,  523; 
composition  of,  510 ;  conduction  of,  to 
nose,  610;  excessive  secretion  of,  522; 
secretion  of,  510 ;  secretion  of,  in  xero- 
sis oonjunctiv«?,  113. 

Teichopsia.  440. 

Telangiectasis  of  lids,  505 ;  of  orbit,  502. 

Temporal  hemiopia,  429. 

Temporary  canthoplasty,  725;  tarsor- 
rhaphy, 728,  732. 

Tendency  to  fusion  of  double  images, 
540. 

Tenonitis,  585 :  diagnosis  of,  475. 

Tenon's  capsule,  525,  578;  space,  250, 
578. 

Tenotomy,  705 ;  accidents  after,  713 ;  bi- 
lateral, when  indicated,  711 ;  effect  of, 
how  diminished,  712;  effect  of,  how 
increased,  711;  exophthalmus  after, 
713 ;  final  result  of,  712 ;  graduated, 
712;  how  acting,  710;  instruments 
for,  730 ;  partial,  706,  712 ;  sinking  in 
of  caruncle  after,  713. 

Tenotomy-hook,  739. 

Tenotomy-scissors,  739. 

Tension,  intra-ocular,  253;  diminution 
of,  360 ;  how  affected  by  miotics  and 
mydriatics,  264;  increase  of,  causing 
ectasia}  of  sclera,  229 ;  increase  of,  fol- 
lowing discission,  689;  increase  of, 
how  causing  mydriasis,  307;  increase 
of,  how  produced  in  glaucoma,  349 ; 
increase  of,  in  primary  and  secondary 
glaucoma,  832 ;  increase  of,  in  staphy- 
loma of  cornea,  200,  205 ;  increase  of, 
reduced  by  iridectomy,  356;  in  cycli- 
tis,  274;  measurement  of,  4,  254. 
50 


Tensor  tarsi,  466 ;  chorioidee,  242. 

Tesselated  fundus,  16,  315. 

Testing,  functional,  20. 

Test-types.  Arit's,  609 ;  JSger's,  606, 609 ; 
Snellen's,  608,  609 ;  Snellen's,  for  de- 
tecting malingerers,  80. 

Theobald's  lachrymal  probe,  740. 

Theory  of  glasses,  598. 

Thermo-cautery  in  conjunctivitis  lym- 
phatica,  90. 

Third  nerve,  course  of.  536 ;  nucleus  of, 
587 ;  paralysis  of,  652. 

Thread-operation,  710,  712. 

Thrombosis  of  cavernous  sinus,  475, 584 ; 
of  central  vein,  406. 

Tinctura  opii  crocata,  46,  150;  compo- 
sition of,  150. 

Tissue-paper  test,  457. 

Tobacco-amblyopia,  440. 

Tobacco-bag  suture,  714. 

"Toilet"  of  the  eye  in  cataract -extrac- 
tion, 604. 

Tone  of  ciliary  muscle,  663. 

Tonic  spasms  of  ocular  muscles,  576. 

Tonometers,  255. 

Torpid  ulcer  of  cornea,  130. 

Torpor  retinae«,  164. 

Total  color-blindness,  456;  ectasia  of 
sclera,  229;  excavation,  13,  335;  hy- 
permetropia,  643;  posterior  synechia, 
271,  273.  281,  297 ;  staphyloma  of  cor- 
nea, 197. 

Trachoma,  59;  aiHite,  63;  anatomical 
characters  of,  59,  74 ;  Arlti,  74 ;  braw- 
ny, 74 ;  complications  of,  61 ;  compli- 
cations of,  treatment,  69;  connection 
with  acute  blennorhcea,  77;  connec- 
tion with  follicular  conjunctivitis,  78 ; 
course,  61;  diffusum,  74;  dissemina- 
tion of,  72;  ectropion  in,  65 ;  endemic 
in  Europe  from  the  earliest  times,  71 ; 
entropion  in,  65 :  epidemic  first  when, 
71 ;  etiology  of.  66,  79;  folliculare,  74; 
geographical  distribution  of,  66 ;  gran- 
ular form  of,  60,  73 ;  history  of,  71 ; 
hypertrophy  in.  varieties  of,  59;  in- 
tensity of,  how  varj-ing,  62;  microbe 
of,  79 ;  mixtum,  74 ;  opacitie.«  of  cornea 
in,  66;  pannus  in,  60;  papillary  form 
of,  59,  72;  prophylaxis  of,  70;  races, 
varying  prevalence  of,  among,  66;  radi- 
cal treatment  of,  79 ;  sequela;  of,  64-66 ; 
sequelae,  treatment  of,  70 ;  statistics  of. 
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71 ;  symblophuron  in.  05 ;  Symptoms 
of.  59;  treatment  of.  67-70;  treiitaient 
of,  radical,  78 :  trichiasis  in,  05;  ulcers 
of  cornea  in,  61, 151 ;  varieties  of, their 
interrelation,  77;  verum,  74;  xerosis 
in,  65. 

Trachomatous  conjunctivitis,  58;  pan- 
rnis,  (50 ;  ulcer  of  cornea,  01,  151. 

Transparency  of  cornea,  128 ;  of  refract« 
in^  media,  how  determined,  7. 

Transplantation  of  cornea,  103 ;  of  zone 
of  hair-follides,  730. 

Traumatic  abscess  of  come«,  156;  cata- 
ract, 383,  386;  dislocation  of  lens,  802, 
31)3  :  iritis,  388,  900 ;  paralyses  of  ocu- 
lar muscles,  554  ;  striped  keratitis,  184 ; 
ulcers  of  cornea,  145, 151, 159. 

Tremulous  cataract,  877. 

Trichiasis,  486 ;  development  of.  In  tra- 
thonia,  65 :  operations  for.  719 ;  re- 
lapses of,  after  operation,  723. 

Trochlea.  524. 

Trochlear  nerve,  537 :  putulysi?  of,  652, 
558. 

Tnie  image,  .WJ. 

Tul*rcular  iritL«,  280;  ulcers  of  con- 
junctiva. 102. 

Tul^eirulosis  of  chorioid.  327:  of  cfjn- 
junetiva,  102  ;  of  iris,  302,  304.  305;  of 
lachrymal  foc.,  520. 

Tumor  cavernosus  of  lids.  506 ;  lacri- 
nuilis.  511. 

Tumors  of  brain  prrxlucinjj  choked  disk, 
437;  of  chorioid,  324  ;  of  ciliary  V>ody, 
302;  of  conjunctiva,  115;  of  cornea. 
210;  of  eyeball,  enucleation  for.  716; 
of  iris,  302:  of  lidi«,  504:  of  optio 
nervo.  444,  716  :  of  orbit,  591. 

Tylosis,  477. 

Typical  hy|)ermclropia,  644 :  myopia.  629. 

Tyrrel's  hook.  744. 

ricer,  asthenic,  139;  atheromatous,  153; 
blennorrhfKal.  151 ;  ralarrlml.  88, 151 ; 
central  non-irritative,  151 ;  cicatriza- 
tion of.  139 :  cleansiHl,  120. 139 ;  coated, 
126,138;  foul,  126, 138;  glancomatons, 
153;  herpetic,  153;  tnllltrated,  126, 
138;  marginal,  152;  of  conjunctiva, 
102 ;  of  cornea,  see  Cornea.  Ulckr  of  ; 
jwrfonilion  of.  140;  progressive,  126, 
138:  regeneration  of,  134,  139.  142; 
rpgresäivc.  120,  139 ;  rutlent«  153,  006 : 


syphilitic,  104:  torfjid.  I.'W;  trarika»- 
atous.  151;  traumatic,  151.  160;  Inimr- 
culous,  102;  Irpjitmcnt  of,  146^  IM^ 
153,  154. 

Ulcus  w>rne«<.  188;  comf«»  mdriM,  tM; 
cornea^  s««pticuin,  159  ;  comctn  «rptn». 
150;  ro«ii>ns  (iMjme«'),   1.52:  mdfi'- 
lids),  506;  se|itiritni  (com«iP>,  Ifid; 
pens  (comcjp),  159. 

Unguenliim  emollicns  in  tjleplmn't  is,  479 
480. 

Unguis,  136. 

Unriiie  cataract.  974 ;  art ifk-ial  n'rwiin^ 
of,  0S4;  discission  of,  68©. 

Uraimic  amaurosis,  409. 

Uvea,  234;  anatomy  and   physiolog^v    ' 
234;  condition  of,  in  ^lauconi»,  -''m 
inflammation  of.  aflt^r  opermtJoa!i,67r: 
purticipation  of.  in  visiial  set,  S5A. 

Uveal  diviMon  of  come«,  19^,  IM:  tnMi. 
2:M. 

Uveitis  anterior,  172,  178. 

Valences  of  c>">lors,  455. 

Valve,  Ilasner's,  511, 

Valve-like  closure  of  «rounds  in  olt{if|M 

incisions,  673. 
Van  M il I ingen's  operation  for  tridtiaiÄ 

TH. 
Vup4irization  employed  io  ricatriainf  nl- 

cers  of  (he  cornea.  150;  in  ptmneby» 

matoiis  keratitis,  177. 
Variations  of  arrangemcot  of  ve«v{s  at 

optic  nerve.  14. 
Variola,  abscess  of  conica  in,  l.*!?   1'  ' 
VaMMilar  fa!*cicnlus,  86.  151:  funt,- .   - 
Vasrulari Kation  of  uonien  in   kcratiiiN 

132.  137. 
Vein,  centnil.  425 ;  tlironjtxrtSji  of,  40K. 
VonjT  voriicosie,  248, 
VoiKuiH  pulse  in  v^-ssols  of  uptic  nerv»,  IS. 
Vernal  catarrh.  94. 

Vertical  axis  of  eye,  525 ;  diplopia,  551. 
Vertigo  in  parnlylio  squint,  ftßl- 
Vesicle,  ocular,  primitive,  8Ö4;  ornlar. 

secondary,  36.5. 
Vesicles  upon  cornea.  108L 
Vesicular  catarrh    i>f   conjiinctiT»,  CTT" 

ke^a(i(i^  168.  170, 
Vessels  of  chorioiJ,  etc    See  BLOOiKf  t»> 

SKIA 

Vienna  paste  for  oblitnation  of  IacIiit- 
mal  sac.  610. 
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Violet-blindness,  453. 

Virtual  tar-poiut  in  hypermetropia,  640; 
focus,  599 ;  image,  599. 

Visibility  of  opacities  in  the  refractive 
media  by  ophthalmoscope,  8 ;  of  points, 
dependent  on  their  brilliancy,  607. 

Vision,  after  cataract-extraetion,  698; 
binocular,  529,  539;  central,  20;  di- 
rect, 20;  disturbances  of,  without  ap- 
parent lesion,  445;  double,  529,  539 
(see  also  Diplopia);  in  astigmatism, 
651 ;  in  opacities  of  vitreou»,  A-ariations 
of,  399;  in  strabismus,  564,  571 ;  indi- 
rect. 20;  peripheral,  20;  qualitative, 
609;  qiuntitative,  609;  spontaneous 
restoration  of,  in  cataract,  880 ;  solid, 
539;  stereoscopic,  539;  tests  for,  in 
opacities  of  the  refracting  media,  681, 
684 ;  with  excentric  pupil,  685. 

Visual  acuity,  606;  absolute,  610;  dimi- 
nution of,  producing  myopia,  633, 606; 
in  cataract,  365 ;  in  opacities  of  vitre- 
ous, 899 ;  in  strabismus,  564, 571 ;  rela- 
tive, 610;  tested  with  reference  to  cen- 
tral vision,  20;  tests  for,  607,  681, 
684. 

Visual  angle,  607;  field,  see  Firld  or 
Vision  ;  sensations,  law  governing,  428 : 
sphere,  426. 

Vitiated  air  producing  conjunctivitis,  45. 

Vitreous  humor,  895 ;  anatomy  of,  395 ; 
artificial,  718;  detachment  of,  396; 
diseases  of,  396;  exudation  into,  in 
cyclitis,  274, 281 ;  favoring  the  growth 
of  germs,  223 ;  foreign  bodies  in,  397 ; 
haemorrhages  into,  222,  898;  liquefac- 
tion of,  396;  luxation  of  lens  into,  391, 
097 ;  nutrition  of,  how  effected,  253 ; 
opacities  of,  895,  397;  prolapse  of,  in 
cataract-extraction,  697,  708 ;  prolapse 
of,  in  iridectomy,  687;  prolapse  of,  in 
iridotomy,  688. 

Vitreous  lamina  of  chorioid,  246. 

Von  Graefe's  discovery  of  iridectomy  in 
glaucoma,  335,  853;  equilibrium  test, 
640;  groping  test,  549;  linear  knife, 
703,  704;  linear  knife,  uses  of,  678-«80, 
686, 687, 603,  694 ;  method  of  cataract- 
extraction,  693,  701-708;  method  of 
performing  advancement,  710;  method 
of  performing  tenotomy,  710;  opera- 
tion for  ptosis,  784 ;  symptom  (in  Base- 
dow's disease),  689-591 ;  theory  of  glau- 


coma, 349 ;  thread-operation,  710,  712 ; 
tractor,  744. 

Von  Oraefe,  Alfred,  his  method  of  per- 
forming exenteration  of  eyeball.  718; 
rules  for  operation  in  paralytic  stra- 
bismus, 709. 

Von  Walther's  method  of  tarsorrhaphy, 
736. 

Vortices  of  the  chorioid,  248. 

Waldau's  fixation-forceps,  667. 

Waldeyer's  mucous  glands,  31,465;  glands 
assisting  to  keep  the  eyeball  moist, 
610. 

Warmth,  application  of,  in  abscess  of 
cornea,  157;  in  conjunctivitis  lym- 
phatica,  90;  in  diphtheritic  conjunc- 
tivitis, 82;  in  iritis,  395;  in  keratitis 
neuroparalytica,  165 ;  in  keratitis  pro- 
funda, 182;  in  keratomalacia,  164;  in 
parenchymatous  keratitis,  in  ulcers  of 
the  cornea,  147;  method  of,  in  eye-dis- 
eases, 147. 

Warts  on  lids,  505. 

Watered-silk  reflex,  10. 

Weber's  canaliculus-knife,  614, 740 ;  con- 
cave lance,  704,  744 ;  double  hook,  704, 
744;  loop,  697;  method  of  cataract- 
extraction,  704:  sound  for  gradual 
dilatation,  521,  740. 

Weeping,  522. 

Wenzel's  method  of  cataract-extraction, 
696. 

Wemeck's  procedure  in  discission,  690. 

Wernicke's  hemiopic  pupillary  reaction, 
433. 

White-precipitate  ointment  in  eczema, 
coryza,  and  blepharitis,  91,  479. 

Winking,  462. 

Wolfe's  operation  for  Symblepharon, 
111. 

Worsted  test  for  color-blindness,  457. 

Wound,  operation-,  external,  673;  inter- 
nal, 672 ;  obliquity  of,  672,  673 ;  sup- 
puration of,  671,  672. 

Wounds  of  conjunctiva,  100 ;  of  cornea, 
180;  of  eye,  216, 688;  of  eye,  frequency 
of,  337;  of  iris,  399;  of  lids,  503;  of 
optic  nerve,  443;  of  orbit,  686;  pene- 
trating of  eye,  316. 

Xanthelasma,  604. 
Xanthoma,  604. 
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Xerophthalmus,  C5. 

Xerosis,  bacillus  of,  113 ;  conjunctivae,  65, 
111;  epithelialis,  112;  etiology  of ,  1 12 ; 
general,  112 ;  glabra,  118 ;  in  trachoma, 
65;  local,  112;  of  cornea,  168,  168; 
parenchymatosa,  112;  partialis,  118; 
pathology  of,  113;  squamosa,  118; 
symptoms  of,  112;  totalis,  118;  varie- 
ties, 112,  118. 

Yellow-spot,  400. 

Yellow-oxide  ointment,  yellow-precipi- 
tate ointment,  00, 150, 177,  218. 

Young-Hclmholtz's  theory  of  color-per- 
ception, 452. 


Zeiss's  glands,  463. 

Zeissian  sty,  482. 

Zinc-oxide  ointment  in  ecscma  of  lids,' 

Zinc  sulphate  in  conjunctivitis,  44. 

Zinn,  scleral  circle  of  resäels  of,  i 
zonula  of,  861, 863. 

Zona  ophthalmica,  169,  468. 

Zone,  interpalpebral,  467;  nuclear 
lens,  863 ;  of  hair-foUiclos,  ablatioi 
719;  of  hair-follicles,  inversion  of.' 
of  hair-follicles,  transplantation  of. 

Zonula,  861. 

Zonular  cataract,  370 ;  opacity  of  cor 
190,196. 

Zonule  of  Zinn,  361,  863. 


TBE  END. 
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AMERICAN  LANCET. 

"  This  is  a  beautiful  book,  the  handsomest  of  its  kind  on  this  subject 
ever  issued  from  an  American  press.  The  paper,  press-work,  and  illustra- 
tions are  gratifying  to  every  person  of  correct  tastes.  The  subject-matter 
is  of  such  excellence  as  to  be  worthy  of  this  beautiful  dress.  ...  His 
style  is  pleasant  and  easy.  Avoiding  the  Scylla  of  too  much  technicality, 
he  has  not  plunged  into  the  Charybdis  of  too  little.  He  will  be  doing  a 
proper  thing  who  adds  this  book  to  his  working  library." 

CLEyELAND  MEDICAL   GAZETTE. 

"  We  noticed  in  the  Gazette  the  first  part  of  this  work,  which  ap- 
peared more  than  five  years  ago.  In  April,  1888,  the  talented  author 
suddenly  died,  We  feared  the  untimely  acath  of  Dr.  Loring  would  pre- 
vent the  completion  of  this  work,  which,  on  the  whole,  is  the  most  credit- 
able on  ophthalmoscopy  yet  published  by  an  American  author;  but, 
fortunately,  he  had  already  made  notes  and  drawings  enough  to  complete 
the  second  volume.  The  present  editor,  Dr.  F.  B.  Loring,  has  published 
the  work  almost  as  he  found  it  in  'the  penciled  notes  of  the  author.  The 
book  before  us  is  characterized  by  the  original  drawings  and  elaboration 
of  clinical  cases  coming  under  the  observation  of  the  author,  which  charac- 
terized the  former  volume.  The  subjects  treated  in  this  part  are  diseases 
of  the  retina,  of  the  nerve,  and  of  the  chorioid,  their  varieties  and  com- 
plications." 
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8vo.    932  pages.    Clolh,  $5.00;  sheep,  $&00. 
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"  Dr.  nnmmomrs  tn*ultsp  on  the  disonscs  of  the  nervous  system  is  a  work 
iiiu  been  lung  fiiniilinr  to  th^prtjfcst^ion,  and  has  nttuiried  a  pn'ut  rr[>uLa(ion 
the  «tandiird  liooks  (or  reference.  In  llio  prepuration  of  the  piv^vnt  cditinn  ti» 
aulhor  has  been  iiided  by  his  »on.  A  \&s\  uinouiit  of  clinicul  material  is  mode  km 
of,  and  the  results  of  experimental  invcslifrnlimi  recorded.  The  buuk  is  writtm  ia 
a  clear  and  pieasing  style,  and  obi^cure  conditions  are  dealt  with  in  a  manaer  wkki 
will  prove  of  great  asüistanco  in  the  study  of  this  most  interesting  chuB  at  ditcam.' 
— Canadian  Praclilioner. 

"Dr.  Hajninond  published  the  first  edition  of  his  'Treatise  on  Discaeas  Ckf 
Nerrous  System'  in  l8Tli.  It  hiis  therefore  been  before  the  profesaioo  for  t 
years,  and  during  these  yonrs  it  has  continued  to  grow  in  public  fkvnr,  this 
the  ninth  edition  that  has  been  issued.  Appivoiation  of  this  work  hma  Dot  emif 
been  shown  in  this  country,  but  abroad,  as  it  has  been  trnnslated  into  the  Freaek. 
the  Italian,  and  the  Spanish  languages.  The  present  e<lition  has  been  thoma^j 
revised,  and  several  new  chnpt^Ts  added.  This  is  a  book  of  »uch  great  raloc,  ami  i* 
referred  to  so  frequently  by  the  raedieal  press  and  other  medical  wurki^  that  a» 
library  is  complete  without  it." — Alabama  Medical  and  Surgical  Affe. 

"  Then»  are  few  IxHik*.  even  upon  those  subjtx-t»  which  are  con><tantly  in  tJ» 
ordinary  phy.siciiin's  mind,  whieh  sucveed  a>?  has  that  of  Dr.  IlHinmuml ;  and  when 
wo  recollect  that  when  the  first  edition  of  this  work  ap[X"aPBd,  neurology  in  Amtrho 
was  in  its  very  infancy,  the  rapid  exhaustion  of  its  editions  is  the  mor«  remarkable 
In  the  ninth  c<liti<(n  the  writer's  son  has  done  much  toward  keeping  the  workabnouA 
of  the  times,  and,  with  mom  confidence  than  ever,  it  can  now  be  rcgnr' "'  r  •  ne rt, 
the  liest  and  most  Miiisfactory  works  on  nervous  diseases, either  for  it  .ot 

or  for  the  advanced  student.    The  l)ook  is  Ix'autiRed  and  its  usefulm-«'!  m. 
a  larger  numl»er  of  illustrations  than  heretofori' — among  the  best  from  ) 
piunt  of  view  being  those  representing  syriugo-iuyelia,  which  have  been  taken  ln,>tn 
the  studies  of  Van  Gicsen." — Medical  Ntics. 
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of  the  Boyal  CoUetre  of  PhyBiciann.  London ;  Professor  of  Medicine  in  the  Johns 
Hopkins  University,  and  Phvudan-in-Chief  of  the  Johns 
llopkina  Hospital,  Baltimore. 


SOLD    ONLY    BY    SUBSCRIPTION. 


8vo.     Cloth,  $6.60;  sheep,  $6.60;  half  morocco,  $7.00. 


"  Ry  reason  of  extensive  clinical,  pathologic,  and  teaching;  experience,  of  exceptional 
opportunity  and  broad  trainini;,  and  of  rare  scientific  attainments,  there  are  few  nen  better 
qualified  than  Dr.  Osier  to  write  a  work  on  the  Practice  of  Medicine.  Here  in  Philadelphia, 
where  i)r.  Osier  spent  but  too  few  basj-  years,  he  will  not  soon  be  forj^otten  ;  the  impress  of 
his  work  and  character  will  lonff  remain,  and  the  impetus  given  to  careftil  pathologic  study 
and  observation  will  be  transmitted  through  his  ccliea^uos,  his  assistants,  and  his  pupils. 
To  say  that  Dr.  Osier  has  performed  his  task  well,  Ls  but  to  echo  the  verdict  concerning  the 
work  he  has  done  iu  the  past.  If  there  were  one  fault  of  which  we  would  complain,  it  is 
expressed  in  the  wish  that  be  had  said  more  than  he  has.  Everywhere  throughout  the  work 
one  feels  the  delightful  personality  of  the  man.  Every  page  contains  evidences  of  original 
observation,  and  is  marked  by  an  enlightened  conservatism.  It  would  be  difficult  to  select 
any  one  section  and  sav  that  it  is  much  netter  than  the  others.  All  are  conspicuous  for  their 
oomprehensivenesa.  The  descriptions  are  in  places  concise,  but  there  are  no  important 
oinissiona.  Dr.  Osier's  work  needs  no  special  laudation.  It  speaks  tor  itself.  We  moot 
heartily  commend  his  '  Practice  of  Medicine '  to  those  who  dcbire  to  be  in  possession  of  the 
most  recent  and  best  knowledge  on  the  subject  with  which  it  has  to  dca\."^Jtediaal  New». 

"  This  volume  exhibits  originality  at  the  very  bepinning,  inasmuch  as  there  is  no  preface. 
The  author  does  not  take  us  into  his  confidence  as  to  his  motive  for  adding  another  book  on 
the  '  Principles  and  Practice  of  Medicine'  to  those  which  have  preceded  his.  He  does  not 
tell  us  whetner  it  is  because  there  wore  too  many  good  ones  or  too  many  bad  ones ;  whether 


apho 

first  sheet,  it  mattered  less  about  his  motives.  At  any  rate,  after  the  table  of  content«  and  a 
list  of  charts  and  illa'trations,  we  find  ourselves  plunging  immediately  into  typhoid  fever, 
which  heads  Section  I  (on  'Specific  Infectious  Diseases')  of  tliis  royal  octavo  volume  of 
1,080  pages.  No  preliminaries  are  devoted  to  such  abstract  subiects  as  nosology, 
svmptomatology,  etiology,  inflammation,  fever,  etc.  In  this  respect  Osier's  book  resembles 
Strampell's.  The  style  in  which  Dr.  Osier's  book  is  written  is  clear,  concise,  and  at  the 
same  time  animated.  The  type  is  very  good.  The  finish  of  the  paper  is  excellent,  but  the 
texture  is  not  strong,  and  we  doubt  whether  it  stands  well  the  strain  of  the  eager  student 
who  will  certainly  want  to  use  it  often  and  much,  or  the  inadvertence  of  the  busy  practitioner 
who  will  sometimes  consult  it  hastily.  The  book  has  evidently  been  'trained  down'  aa 
much  as  possible  to  nscure  handiness  without  sacrificing  even  more  important  essentials.  We 
should  bo  glad  to  be  able  to  think  and  speak  as  highly  of  every  medu»!  book  presented  for 
review  as  we  can  of  this.  In  truth,  had  our  enemy  written  it,  we  should  be  unable  to  find 
much  consolation  in  his  commitment."— .SiMto»  Midieal  and  Surgical  Journal. 
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The  attention  of  the  Medical  Profession  is  invited  to  the  following  point»  of 
excellence  in  this  work : 

It  deals  onlj  with  matters  of  practical  interest  to,  and  qnestions  that  are 
likelj  to  arise  daily  in  the  work  of  the  practicing  physician.  Its  scope  is  a  terse 
yet  clear  expooition  of  the  principles  governing  modern  operative  sargerr.  It 
enters  into  the  practical  details  of  all  the  varying  conditions  of  the  application 
of  the  antiseptic  method  as  brought  about  by  emergenciea  Every  importiint 
principle  is  clearly  illustrated  by  citations  from  actual  cases  occnrriag  in  tbe 
author^s  practice. 

It  is  not  intended  to  take  the  place  of  any  text-book  on  surgery,  bat  ratber 
to  supply  a  need  which  exists  in  every  work  on  the  subject  in  the  English  lan- 
guage, by  furnishing  information  on  tbe  subject  of  Asepsis  and  Antisepsis,  with 
which  no  book  on  surgery  deals  to  an  extent  demanded  by  modem  method:». 
It  is,  in  short,  a  supplement  to  all  surgical  text-books. 

The  illustrations  are  typo-gravures,  made  from  photographic  negatives  taken 
from  life,  and  are  marvels  of  beauty,  artistic  elegance,  and  fidelity ;  each  illus- 
tration being  a  faithful  representation,  by  the  camera,  of  the  details  of  the 
application  of  all  important  antiseptic  dressings  and  apparatus,  approaching 
nearer  to  an  actual  demonstration  than  has  ever  before  been  attempted  to  be 
done  in  any  medical  work.  With  the  exception  of  a  few  bacteriological  illufr 
trations  taken  from  Koch,  Rosenbach,  and  Bumm,  the  illustrations  are  from 
negatives  made  in  the  operating-room^  and  are  of  a  character  now  for  the  first 
time  employed  in  a  medical  work. 


The  work  has  been  adopted  by  the  Medical  Department  of  the  United  States  km\ 
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